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SUMMARY

The work reported in this document was performed under Contract DAAK 70-

78-C-0062 with the Geographic Sciences Laboratory 0f the U.S. Army Engineer

Topographic Laboratories, Fort Belvo ir, Virginia. The contract monitor was

Mr. Craig Baker. The U.S.A.E.T.L. has been instrumental in the support of

research and applications of radar image simulation , radar backscatter measure-

ments and theory. Additionally, interaction between E.T.L. (by way of Messrs.

Bernie Schepps and Richard Hevenor) and the Remote Sensing Laboratory led to

development of models and methodologies for high quality radar simulations ,

and more recently to a workshop on terrain and sea backscatter (also supported

by the Army Research Office and the Naval Research Laboratory).

The purpose of the work reported herein was to produce radar reference

scenes for a terminal guidance application. The target site selected for

this work was the geographic region centered on the southwestern corner

of the Freeman Bus Corporation garage in north-eastern Watertown , New York.

The target site is the area (‘~‘4100 square kilometers) encompassed by a

circle having an approximate radius of 36 km extending from the building corner

(the center is located at 43° 581 43.409” N by 750 52’ 31.043” W). The Water-

town target s i te conta ins Lake Ontar io in the northwes tern region, Water town

in the central portion , and is characterized by a prol iferation of small

agricul tural fiel ds which are mostly fallow in the winter, and by fores ted

regions. The site represents a complex mix of area extensive , distributed tar-

gets, and specular reflecting cultural targets.

Two bases were constructed for this target site. One was constructed

for the high altitude , bands 3 and 4, reference scenes , and one for the low

altitude , bands 1 and 2, reference scenes. The data bases were constructed to

I
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represent the “average” winter conditions during the month of February as

determined from historical weather records. Construction of these data bases

is reported in Section 2.

After construction of the data bases was complete, they were digitized

via human operators controlling a large table digitizer (the one located at

ETL was used). The result of this task was computer—compatible tapes (CCT’s)
containing digital representations of all the boundaries of each data base

arrayed in serial format. These data were converted into a completely-specified ,

two-dimensional array wh ich became one of the two data bases. Each of these

arrays contained all the information necessary for producing radar reference

scenes. The information provided in each data base included the position

and elevation of each point in a reference coordinate system, the mi crowave
reflectance category of each point, and the snow depth of each point. Produc tion
of these digital arrays from the data base maps ‘is related in Section 3.

For producing winter scene simulation , a model was required for the micro-

wave reflectance properties of snow overlaying a ground category (i.e., snow
overlaying bare ground). An empirica l model was used. The model used is descri-

bed in Section 4.

Two sequences of four (4) radar reference scenes were produced from the

two (2) data bases; one (1) for winter conditions wi th snow present, and one
(1) for winter conditions without snow. These results are presented in Section

5.

Conclusions and recornendations are presented in Section 6.

U
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1.0 INTRODUCTION

1 .1 Motivation and Purpose

Studies performed by Cosgriff et al), Bush and Stiles et al .3,

have shown that the radar return ampl itude from terrain can be affected drama-

tically by seasonal and meteorological changes . The radar reflectivity can be

altered by many decibels for changes at a site such as snow and ice cover,

ground moisture , and foliation or defoliation of trees. Therefore, it is impera-

tive to study the effects of these changes on the radar image when it is being

used as an “aseasonal” reference scene for guidance.

A secondary objective of the study was to determine the effect of seasonal

variations in a target site on the guidance system. However, the test data

to support this objective has not yet been collected by the U.S. Army.

The theoretical model and its implementation as a set of computer programs

for radar image simulation was reported earlier.4 More recently, high quality

SLAR (side looking airborne radar) simulations were reported.5

~Cosgriff , R.L., 14.H. Peake, and R.C. Taylor, “Terrain Scattering Pro-perties for Sensor System Design ,’ Engineering Experiment Station Bulletin ,
181 , Vol . 29, Ohio State University , Columbus , Ohio , May 1960.

2Bush T., F. Ulaby , T. Metzler , and H. Stiles , “Seasonal Variations of
the Microwave Scattering Properties of Deciduous Trees as Measured in the 1-18
GHz Spectral Range ,” Remote Sensing Laboratory Technical Report, RSL TR 177-60,
University of Kansas Center for Research , Inc., Lawrence , Kansas , June 1976.

3Stiles , H., F. Ulaby , B. Hanson and L. Deliwig, “Snow Backscatter in the
1-8 GHz Region ,” Remote Sensing Laboratory Technical Report, RSL TR 177-61 ,
University of Kansas Center for Research, Inc., Lawren ce, Kansas June 1976.

4Martin, R .L., “SLAR Simulation and Applications ,” Mas ter ’s Thesis , Univer-
sity of Kansas , September 1976.

5Holtzman, J.C., V.H. Kaupp, J.L. Abbott, V.S. Frost, E.E. Komp, and
E.C.  Dav i son , “Radar Image Simulation: Validation of the Point Scattering
F~odel ,” Engineer Topographic Laboratories , Unites Sta tes Army, Fort Belvoir ,
Virginia , ETL—O 117 , June 1977.
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1.2 Test Descri ption

A set of four (4) radar scenes (called reference scenes) was produced

of the Watertown test target site for testing against recorded radar data via

*6a Correlatron test configuration.

The four reference scenes were produced via the PSM radar simulation model

f rom a data base constructed of the Watertown test site. The data base was

developed to support production of reference scenes of winter conditions at the

target site. The approach taken was to model the target site in two separate

stages. The first stage was the aseasonal one ‘in which the characteristics of

the ground and its cover which are invariable across seasons were modeled .

The second stage was the seasonal one in which seasonal effects were modeled .

The season specified for this work was winter. In particular, winter conditions

for February at the target site as determined from historical perspectives

were modeled .

Four (4) reference scenes were generated from this Watertown/winter data

base. The four (4) simulat ions represent the reference scenes for di fferent

altitudes over the target, each successively lower in the terminal trajectory

of a ball istic missile. The four (4) reference scenes were produced and stored

on magnetic tapes which were shipped to ETL (Engineer Topographic Laboratories)

for testing.

• The plan was for the four (4) reference scenes to be tested against actual

data via the Correlatron installed in a test configuration at ETL. The actual

data were to have been obtained by the Army in a flight test program scheduled

*Correlatron is the name of a device manufactured by Goodyear Aerospace
Corporation and which measured the two-dimensional cross-correlation between
a “l ive” and a stored reference signal .

6Klass , P.J., “Guidance Device Set for Pershing Tests,” Aviation Week and
Space Technology, 12 May 1975.
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for February 1978, or February 1979. Unfortunately, the fl ight test program

was delayed and the subsequent data were unsatisfactory. Thus, no comparison

data exist. The data obtained which are closest in time to the scheduled data

are some acquired in late Apri l or early May 1978. Conditions at the target

site changed dramatically from February wi th its snow cover to May with its

water cover. Thus, the most that can be accomplished with these reference

scenes is a visual , subjective comparison. Flights are planned for the 1979-

1980 winter; the results of these tests will be compared with simulated results

if at all possible.

1.3 Sj’nopsis of the Point Scatteringj4odel

The PSM has been developed as a general approach to the problem of simu-

lating the data from a radar. As operational radars are developed in different

configurations , so has the PSM been developed to simulate the end—to-end

response of different radar configurations.

The PSM is a general simulation model which is applicable to radars in

both the PPI (Plan—Position Indicator) as wel l as the SLAR (Side—Looki ng Air-

borne Radar) configuration . One u3age of the PSM which has been developed

represents specialization of the PPI implementation for an application using

simulated radar data for guidance of a ballistic missile in the terminal phase

of descent. This appl ication was for a missile which employed a guidance system

incorporating a Correlatron .6

The Point Scattering Model (PSM) for simulating radar data has been developed

and implemented on a digital computer. By simulating radar data is meant

6Klass , P.J., “Gui dance Device Set for Pershing Tests,” Avia tion Week and
Space Technology, 12 May 1975.

3
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synthesis, via digital computer, of the data which would have been recorded by

a radar flying the same ground track over the prescribed terrain sites. The

radar senses the reradiated flux from the ground and its cover in the micro-

wave portion of the electromagnetic spectrum and stores the results. The

radar produces an output proportional to the reflectivity characteristics at 
•

a fixed wavelength of the terrain and when recorded in an image, displays the

terrain in fine detail and with spectacular relief. So does the simulated

radar image produced via the PSM. The PSM is not l imi ted  to simulating images,

it is viable with suitable alterations for most recording formats.

The PSM represents the radar, the ground and its microwave response, and

the stored data by a closed-system model . The model rests on firm , theoretical

foundations and is mathematically rigorous. It incorporates all aspects of

the radar problem starting with the transmitter, includ ing such aspects as

• the antenna during transmission, the propagation path to the ground , the ground

response, the return data, the antenna during reception, and the receiver and

concluding with data storage and presentation. The PSM has been tested and
*val idated for a specific class of radar targets, distributed targets.

Just as all mathematical models are abstractions of reality, so is the

PSM. It attempts to describe in closed form the processes of the system con-

sisting of radar, ground , and data storage. The PSM is completely general and

capable of synthesizing data having a desired accuracy if the cost is paid in

time, complexity, and resources expended . But the true value of the PSM arises

from the ease with which a specific implementation can be tailored or specialized ,

*-- As used throughout, distributed targets are areas of natural terrain
or ground cover such as wheat or corn fields, grassy expanses, forests,
plowed ground, paved areas, etc., which are approximately homogeneous and
large relative to a radar resolution element.

4
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to take advantage of simplifications and approximations valid for a specific

application , thereby making it efficient and cost-effective to use.

An approach has been developed regardi ng simula tion that insures all

the requisite data and i nformation needed to simulate the response of a specific

radar from a desired ground site (target) are obtained . This approach is

illustrated conceptually in Figure 1 as the PSM simulation implementation

philosophy.

The PSM implementation philosophy is the framework which identifies the

various simulation requirements and relates these to one another. As can be

seen from Figure 1 , three (3) basic kinds of data and information interact

with one another and serve as inputs to the simulation computer programs.

These are: (1) data base, (2) reflectivity data , and (3) simulation para-

meters. Upon complete specification of these, the simulation computer programs
- 

. can be run and radar data can be simula ted for the system being modeled as if

• it , the radar, were flown over the data base (i.e., the ground site).

As the PSM has been imp lemented on a digital computer, its required

input data must be in digital form. The first of these input data is a data

base, a digital replica of the ground in the target area . This digital repre-

sentation of the ground , called data base hereafter, models the ground and

its cover in the desired site and contains a facsimile of both the dielectric

categories present, called backscatter categories, as wel l as the geometric

variations, called elevation data. The data base is , thus, a sampled repl ica

of the backscatter categories present in a target simula tion scene (both

distributed and cultural * targets , or categories) and the elevation surface.

*As used here, cultura l targets are targets, such as build ings, vehicles ,
etc., which are smooth relative to radar wavelengths and whose backscatter
properties are essentially specular.

1
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A data base typically consists of a digita l matrix having at least four (4)

dimensions: two (2) for the spatial location of each point , one (1) for its

elevation, and at least one (1) for its backscatter category. The resolution

bu ilt into a data base is determined by the sampling frequency and is highly

dependent upon such factors as the resolution of the radar system being simu-

lated, the application for which a particular data base is required, and avail-

able time and resources.

Within a target site numerous different types of vegetation and terrain

cover exist. Some of these are distributed targets such as forests, wheat

fields, grasslands, highways, runways, water bodies, etc., and some are

cul tural targets such as buildings and vehicles. Each different type of target

is modeled as a different backscatter category in a data base. Backscatter cate-

gory is, thus, the smallest spatial unit , or ‘field’ into which regions having

homogeneous dielectric properties can be divided comm ensurate wi th the data base

• resolution, radar system, and application.

Also within a target site, the surface of the ground varies in relative

height from point to point above a datum surface. This height variation from

• point to point creates unique patterns in radar data which must be modeled for

simulati on purposes. Elevation data are, as the name suggests, the value of

the relative height of each point in a data base. The resolution of elevation

data is described by the sampl ing frequency of the data base and the accuracy

of the data from which the samples are obtained .

A ground response model is the second type of input data required by

the PSM. The ground response model normally utilized ir the PSM to reflect

the properties of each of the different types of ground cover identified in

the target site and Included In the data base is backscatter, the differential

scattering cross-section (a°). The PSM uses ci0 to simulate the Interaction

7
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between the ground and the electromagnetic energy incident from the radar,

and to predict the percentage of reradiation back to the radar. For each

different ground cover type specified in a da ta base (called backscatter

catego,y), the PSM requires a set of a° data, either experimental or theor-

etical , to be provided . The backscatter data used to make the sample results

presented in Section 5 are discussed in Section 4.

The PSM requires input of system parameters , storage parameters , and

ground track information. These data are required to modify the computational

algorithms of the PSM so they reflect the desired system and storage para-

meters and, in addition , are required so that the computational al gorithms can

be simplified to increase efficiency and cost effectiveness. They are also

used to specify key parameters pertinent to this data base and its construction,

such as resolution, orientation, etc. Finally, these data are used to specify

the flight-line parameters which allow determination of altitude, angles of

incidence, and thus the geometrical aspects of the simulation problem.

Upon satisfaction of all input data requirements shown In Figure 1 , the

computational algorithms of the PSM are invoked to simulate the response of a

desired radar flying a particular flight line over a specified portion of
— ground. The geometrical relationships between the location and orientation

of the simulated radar and its platform and each point in the data base are

solved with such effects as foreshortening, layover, shadow, look-di rection,

ect., being treated. Upon solution of this geometry, the PSM predicts the amount

of power reradiated from each point in the data base back to the receiving

antenna by finding the backscatter category of each point and solving the

functional form of the appropriate backscatter data for the conditions at each

point. The resulting calculations are further refined to account for reception,

detection, and storage of the power from each point, and the data output from the

PSM are sto red on computer-compatible digital magnetic tapes .

- - • - - - • --—_—-~~-- ~~~~~~~~~~ •~~~-~~ ~~~ ‘• •~~ p ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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1.4 Theoretical Development of the PSM

The theoretical developmen t of the PSM has been reported previously 5 ’6 ’7

and, thus, it will not be repeated here.

1.5 PSM Simulation Implementation Philosop hy

A phi losophy has been developed regarding simulation that insures all

the requisite data and information needed to simulate the response of a

specifi c radar from a desired ground site (target) are obtained. This

philosophy is illustrated conceptually in a previous figure (see Figure 1)

as the PSM simulati on implementation philosophy .

As can be seen from Figure 1, three (3) basic kinds of data and infor-

mation interact and serve as inputs to the simulation computer programs .

Thes e are , starting with the one whi ch should be specified first: (1)

simulation pa rameters ; (2) data base; and (3) reflectivity data . Important

ramifications of each of these areas , interactions between them, and addi-

• tional discussions explaining how some of the details can be solved are

5Holtzma n, J.C., V. H. Kaupp, J.L. Abbott , V.S. Frost , E.E. Komp , and
E.C. Davison , “Radar Image Simulation : Validation of the Point Scattering
Model ,” Engineer Topographic Laboratories , United Sta tes Army, Fort Belvoir ,

• Virginia , ETL-0117, June 1977.

6Holtzma n , ~J.C. , V.H. Kaupp , J.L. Abbott , V .S. Frost , E.E. Kornp, and
E.C. Davison , “Radar Image Simulation: Validation of the Point Scattering
Method ,” Volume II, ETL-0118, Remote Sensing Laboratory Technical Report ,
RSL TR 319-28, University of Kansas Center for Research , Inc. , Lawrence,
Kansas , September 1977.

7Holtzman, J.C., J .L.  Abbott , V.H. Kaupp, E.E. Komp , E.C. Davison , and
• V.S. Frost , “Radar Image Simulation: Validation of the Point Scattering

Method,” Addendum, ETL-0155, Remote Sensing Laboratory Technica l Report,
RSL TR 319—31 , Un iversity of Kansas Center for Research, Inc., Lawrence,
Kansas , June 1978.

9
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presented in succeeding sections. In Section 1.5.1 simulation parameters

are discussed. In Section 1.5.2 simulation data base and the underlying

philosophy are related. In Section 1.5.3 reflectivity data for simulation

are presented.

After all three kinds of input data are specifi ed , the simulation corn-

puter programs can be invoked and radar data can be simulated for the sys-

tem being modeled. The computer programs solve the geometrical relation-

ships between the position of the simulated radar and the ground (i.e.,

each point in the data base) for determining such parameters as resolution

and local angl e of i ncidence. The computer programs are structured so as

to model such propagation effects as layover, shadow, etc. Software is

• discussed in Section 1.6.

1.5.1 Simulation Parameters

Simula tion parameters are all those parameters of the imagi ng process

required for specializi ng the PSM for one radar, desired ground sites,

and pertinent flight paths over those sites . Table 1 is a sample listing

only, and is provi ded for reference to suggest what i s meant by “simulation

parameters .”

As can be seen by reference to the table , simula tion parameters are

l isted according to three (3) headings. The first of these, “Radar Systems

Parameters,” l ists the various radar parameters which must be obtained so

• that the data base , a° data , and computer programs can be special ized for

a particular radar system. The second l isting of simula tion parameters,

“Flight Path Parameters,” is required so that the desired data base can be

constructed, so that i° data for seasonally varying ground cover types can

be obtained , and so that simulated data can be produced having the correct

lC
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TABLE 1: SIUULATION PARAMETERS

SYMBOL DESCRIPTION POTENTIAL IMPACT

Radar System Parameters

Wavel ength 1,2,3

— Polarization 1,2

G Antenna pattern factor in range direction 1 ,3

B Antenna azimuth beamwidth 1,3

Pulse length 1,3

- Scan format (i.e. , PPI or SLAR) 1,3

11 Receiver transfer function 3

Q Analog-to-digita l converter transfer function 3

S Data processing effects 3

y Slope of the linear portion of film curve or 3
density versus logarithm of exposure

K Intercept point of line having slope , y 3

N Number of “independent samples ” 3

I Real antenna length 1 ,3

Bc Tota l system bandwidth 3

B Resolution bandwidth 3

Near-range edge of swath angle-of-incidence 3

Far-range edge of swath angle-of-incidence

Flight Path Parameters

h Altitude above a mean surface 1,3

- Latitude -and long itude of target area 1

1 Da ta base
2 Reflectivity data
3 Computer programs

11
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TABLE 1: SIMULATION PARAMETERS (continued)

SYMBOL DESCRIPTION POTENTIAL IMPACT

- Direction of fligh t 1,3

- Season and meteorologi cal conditions 1,2,3

Atmospheric losses 3

Appl i cation and Simula tion Parameters

- Intended use of simulations for deter- 1,2,3
mining degree of accuracy required in
specification of various parameters and
transfer functions

n Number of bits in the output computer word 3

m Signal dynamic range which is to be in the 3
fi nal simulated radar data

TMIN’ Intensity calibration data 3

‘QC’ T C
ARC’ GRC Density calibration data 3

1 Data base
2 Refl ectivity data
3 Computer programs

- - ---
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orientat ion , scale and rada r effects such as layover and shadow. The

third listing , “Application and Simulation Parameters,” is required for

maximum specialization of the PSM to the application.

From Figure 1 and Table 1, it can be seen that the simulation para—

• meters interact with the simulation phases labeled data base, ci° data ,

and simulation computer programs. These data are normally specified first,

and the other phases of simulation follow.

Upon specification of these parameters , construction , an begin on the

data base if a new one is required . The location on the Earth, orienta-

tion , and size of the data base will have been specified. The resolution

for which the data base will be constructed will have been determi ned .

Ground cover differentiation criteria will have been devised (i.e., cri-

teria defining how to differentiate between important and unimportant

ground cover types will have been developed which , for example , will allow

constructing a data base having ground cover type boundaries appropriate, e.g.,

for a 16 GHz, HH polarization , 50 meter radar). Thus , important conditions

for the data base will have been established and work can begin for con-

structing it.

Specification of these simulation parameters is necessary, also, for

the a° data, thE second phase of interaction shown in Figure 1. The

specification of frequency, polarization , angular range, season, and

meteorological condi tions together wi th the ground cover type identified

in the data base label which ~ O data are needed .

The PSM simulation computer programs can be specialized and modi fied

upon specification of the simulation parameters. Simplifying approximations

can be made for various aspects of the model such as for the receiver func-

tion , where appropriate . Appropriate transfer functions , the antenna

- - - -~~- 
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pattern , system parameters, etc., can be written into the simulation com-

puter programs. Data handling simplifications can be designed either to

reduce the cost of simulation , or to make simulation feasible , as from very

large data bases.

The uses to which the simulation parameters are put have just been

sketched out. This has not been an exhaustive discussion of how they

interact for the details of interaction are system and application special.

The intent here was to suggest what kinds of information are needed , how

this information interacts with various phases of simulati on, and how sirn-

plifications can result from prudent use of the information.

1.5.2 Data Base

A data base is a digital replica of the ground , modeling its topography

and cover. A specific data base will contain a symbolic representation of

the dielectric categories present as different ground cover types, or back-

scatter categories, as well as the elevation surface of a specific site.

The data base is, thus , a sampled replica of the backscatter categories pre-

sent in a target simulation scene and the elevati on surface. Development

of a data base for radar simulation of winter scenes is summari zed in Section

2.

A data base typically consists of a digita l matrix having at least

four (4) dimensions : two (2) for the spatial l ocation of each point , one (1)

for its elevation , and at least one (1) for its mi crowave reflectivity

category. More than four (4) dimensions will be required for a data base

when seasonal and meteorological variations are to be simulated. The

finest resolution which can be built into a data base is determined by the

ground spot size each matrix element represents and is highly dependent upon

such factors as the resolution of the radar system being simula ted , the

I ‘~•
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application for which a particular data base is required , and available

time and resources.

Accurate construction of a data base is crucial to the overall simu-

lation effort. The final , simulated radar data can be no better than the

data base and , frequently, it is a degraded form of it. At one extreme

there is a one-to-one mapping of data base elements into radar resolution

cells and on the other extreme is a many-to-one mapping. Most cases of

radar simulation fall between these extremes with , perhaps, four (4) to

twenty-five (25) data base elements mapped into a single radar resolution

cell.

Regardless of how many data base elements map into a resolution cel l ,

the crucial element is the inherent accuracy of the data base; the accuracy

built into the data base. This question of accuracy extends both to model-

- ipg the spatial distribution of ground cover types, distributed targets,

as wel l as to specifying the elevation surface, elevation data. Accuracy

of modeling the spatial distribution of ground cover types is a dual problem .

First, one must decide the smallest size of distributed target which will

be uniquely identified as a homogeneous region in the data base. Second, one

must correctly interpret the source intelligence data from which the data

base is built for determination of what kind of ground cover exists within

each distributed target. Accuracy of specifying the elevation surface is

also a dual problem . First , one must find a Nyquist sampl ing interval from

the maximum rate-of-exchange of elevation in the area of interest and then

• relate this sampl i ng interval to that required by the radar and applications.

Second, one needs to determine the underlying accuracy of the source elevation

data which are to be used .

15
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There are several sets of criteria which interact to establish the

sampl i ng frequency of the ground and topography and , thus , the ground spot

size each data base element represents: (1) the matters of accuracy just

di scussed , (2) questions of resolution from the standpoints of both the

radar system and the appl ication (these data are determined from Table 1),

and (3) economic considerations raised by the amounts of resources available

to construct a data base and to produce simulations from it. The intersection

of these sets of criteria probably represents the best choice which can be

made for sampl ing frequency and accuracy in a data base. If the sets are

non-intersecting , then the decision must be made on another basis.

After determination of the sampling frequency and accuracy for which

a data base is to be constructed of a specifi c site , work on bui l di ng it

can begin. Data bases are typically bu ilt by hand from var ious sources of

intelligence data such as high resolution aerial photographs, etc. A

radar/photo-interpreter (P1) acquires the necessary intelligence data and

employs manual cartographic feature extraction techniques to interpret the

source data and to develop the data base.

The P1 draws a map by hand on a stable-base drawing media. This map

consists of boundary lines separating different features and ground cover

types. Boundaries of major features either can be traced or transferred

from the source data , or both. Boundari es of minor features are di fficult

to locate and are , therefore, obtained via subjective interpretation criteria

employed by the P1. These i nterpretation criteria are normally developed

through experience and established to meet the appropriate requirements

levied in Table 1. The construction of this hand-drawn data base map is a

major effort if the desired resolution and accuracy is modest or better

16



(les s than 50 meters) for a target site of minima l size (i.e., even for one

of approximately 50 square kilometers). The resolution of the map depends

upon the judgment of the P1 , his knowledge of the target site , and his famil-

iarity with ground cover and feature types found in a site.

When the hand—drawn data base map has been finished , it is a symbolic

line drawi ng of the boundaries separating distributed targets (such as

forests and fields) and the locations of cultural targets (such as buildi ngs

and roads). For use on a computer, thi s line drawi ng must be digitized and

converted into a completely specified matrix.

A large table digitizer* has been used in the past to digiti ze the

boundary l ines in the data base map and to store these digital data on computer-

compatible magnetic tape8. A human operatQr traces each boundary with

the cursor, and the computer interfaced to the table periodical ly samples

and records the position of the cursor. After digitization--a long , time-

consuming task subject to countless errors--a computer—compati ble magnetic

tape (or multiple such tapes) contain the sampled poi nts stored consecutively,

serially, of each boundary in the original data base map. These serial digi-

tal boundary data next must be expanded into a completely specified matrix.

- 
Special software have been developed to convert the serial dig ital

boundary data into a completely specified matrix. The task is to sort the

boundary data by their X- and V—val ues and to fill -in the matrix. If it would

*A large table digitizer is here meant to be a table having a top
surface one (1) by one and one-half (1½) meters, or more and hav ing an
underlying find grid of wires (i.e., 75 per centimeter). A cursor is
used to trace drawings on the top surface with electric fields identi-
fying the intersecting pair of wires the cursor passes over.

8’McNell , M., V.H. Kaupp, and J.C. Holtzman, “Digiti zation of Pick-
wick Site Data Base,” Remote Sensing Laboratory Technical Report, RSL TR
319-4, Univers ity of Kansas Center for Research, Inc., February 1977.

17
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be possible  to assume that the dig iti zed boundary data are error-free this

task would not be difficult. Unfortunately, the dig iti zed boundary data

are subject to many errors . Both the human operator and the table and

computer interfaces are sources of errors. Human errors range from i nac-

curacy of following lines wi th the cursor to completely missing boundaries ,

from incorrectly identifying each boundary to failing to identi fy some

boundaries, and from tracing boundaries in the wrong direction to incorrectly

registering the map, setting-up the coordinate system, and specifying the

scale. Computer-generated errors ranqe the complete gamut from scrambling

the data to failing to operate. The multi tude, variety, and complexity of

errors in the digiti zed boundary data means this task requires a lot of

interacti on between man and machine because it isn ’t feasible , normally,

to develop software “smart” enough to check for every error and correct for

them in a single pass through the data. The software package to facilitate

this and produce, ultimately, a completely specifi ed data base matri x is

described in  Section 3.

At the completion of this activity, the hand-drawn data base map has

been converted into a di gita l matrix. The data stored in each cell of this

matrix is the data base information concerning the backscatter category of

each spot on the ground. Each cel l implici tly represents the location

(X- and V—location) of a ground spot relative to the known corner poi nts

and represents the ground spot size via the sampl i ng frequency by which the

data base was built , and expl icitly specifies the backscatter category of

each point. If seasonal or meteorological data are to be included in the

data base, they have been added in the past by drawi ng a separate seasonal

data base map, di gitizing it, and juxtaposing these data into the category

data.

18 
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Last, digital elevation data of the target site must be obtained and

merged with the category data base. To this point , digital elevation data

have been provided by various sponsors , thus , development work on this task

has not been undertaken. The elevation data provided to date have come

from DMA (Defense Mapping Agency) and have been produced either from stan-

dard 7½’ quadrangle USGS maps (United States Geologic Survey) via suitable

di gitizing and interpolation techniques9 or from stereoscopic photo-pairs

and the UNAMACE1° system. In either case, the work performed here has

been limi ted to merging elevation data from different computer-compatible

magnetic tapes with the category digita l data base.

Merging of the elevation data with the category data on a single com-

puter-compatible magnetic tape completes the task of constructing a data

base of a specific site. Assuming that all probl ems encountered have been

either sol ved or safely ski rted, this tape contains a data base of a specific

site at a desi red scale , resolution, and accuracy, and thi s data base i s

• ready for i nput to the simula tion computer programs.

1.5.3 Reflectivity Data

After specifi cation of key simulation parameters in Table 1 (e.g.,

frequency and polarization) and after identifi cation of the different back-

scatter categories during data base constructi on, then reflectivity data

(a0, or backscatter data) can be obtained. Reflectivity data are used in

McNeil , M., V.H. Kaupp , and J.C. Hol tzman , “Digital Elevation Data
Base Construction: Pickwick Site,” Remote Sensing Laboratory Technical
Report, RSL TR 319-3, University of Kansas Center for Research, Inc.,
Lawrence, Kansas , July 1976.

10Bertram , S., “The Uni versal Automatic Map Compilation Equipment ,”
Photogrammetric Engineering and Remote Sensing, Vol. 31, No. 2, March 1965.
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the PSM to model the radar and ground i nteraction. The reflectivity data

normally used in the PSM are backscatter , the differential scattering

cross-section (a°) . The PSM uses either experimental~ ’~~
’12 or theoreti-

cal13’14 data to simulate the interaction between the ground and the

electromagnetic energy incident from the radar, and to predict the percen-

tage of reradi ation back to the radar. For each different ground cover of

feature type specified in a data base, the PSM requires a set of a° versus

angle-of-incidence (a function of frequency and polarization), either

experimental or theoretical to be input. The different ground cover, or

categories specified in a data base can be classified into three (3) sets:

(1) distributed targets ; (2) cul tural targets; and (3) seasonal or meteor-

ological targets. Reflectivity data used in simulating radar responses

for winter scenes are discussed in Section 4.

1 Cosgriff, R.L. , W.H. Peake, and R.C. Taylor, “Terrain Scatteri ng
• Properties for Sensor System Design ,” Engi neering Experiment STation

Bulle tin, 181, Vol. 29, Ohio State University, Columbus , Oh io, May 1960.
11 Bush , T.F. and F.T. Ulaby, “Fading Characteristics of Panchroma ti c

Radar Backscatter from Selected Agricul tural Targets,” IEEE Transactions
on Geoscience Electronics, Vol . GE-13, October 1976, pp. 149-157.

12 Ulaby, F.T. etal ., “Radar Response to Vegetation ,” IEEE Transactions on
Antennas and Propagation, Vol . AP-23, No. 1, January 19/5, pp. 36-45, and
“Radar Response to Vegetation II: 8—18 GHz Band ,” IEEE Transactions on
Antennas and Propagation, Vol. AP-23, September 1975, pp. 608—618.

13 Hevenor, R.A., “Backscattering of Electromagnetic Waves from a
Surface Composed of Two Types of Surface Roughness ,” TR ETL-TR-71-4,
Engineering Topographic Laboratories , The Un ited States Army, Fort Belvo ir,
Virginia , October 1971.

14 Fung , A.K. and H.L. Chan , “Backscattering of Waves of Composi te
Rough Surfaces,” IEEE Transactions on Antennas and Propagation, September
1969.
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Distributed targets are those areas which can be characterized by a

differential scattering coefficient; this impl ies that the scattered, returned

energy is composed of many returns whose phases are independent)5 Each

homogeneous region must be of a size that will provide a large number of

scattering centers which are randomly located within it. When these conditions

are satisfied , an average value of the differential scattering cross-section

(a°) can be used to model the radar return from distributed targets. Most

ground cover types located in data bases made to date sa tisfy these cr iter ia
reasonably well , thus , a~ data were used to model the radar and ground inter-

action.

Cultura l targets are defined within the context of radar simulation to

be man-made objects . Their radar returns are characterized by the high pro-

bability of specular reflection, which is obviously dependent upon the con-

struction geometry, or ientat ion w ith respect to the radar platform, antenna
bearnwidth , and system resolution . The fact that radar returns from cultura l

targets are so highly dependent upon orientation, and the fact that they do

not ordinarily satisfy the criteria listed in the previous paragraph illustrate

why ~~
0 data for cultural targets are not usually obta inable and why cultural

targets are not readily applicable to digital simulation .

An al ternate means of indicating the ex i stence of a cultural target in

simulated radar data via the PSM has been utilized in the past, symbolic repre-

sentation. In this representation, the cultural target is modeled as an

isotropic radiator of X decibels. Thus, for any flight path and data base

orientation, the cultural target is modeled as behaving the same.

15Moore, R.K., in The Radar Handbook (M.I. Skolnik , Ed.), McGraw-Hill ,
New York , 1970.
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If this symoblic representation is not good enough, di rectional

dependence can be introduced by specifying one or more directions rela-

ti ve to true North in wh ich the cultural target i s specu lar. This can be

accomplished with a minima l increase in simulation complexity and cost,

minimal relati ve to comp lete , accurate spec ifi cation of each bui lding,

its geometry, corners , etc.

Seasonal or meteorological targets are defined here to mean the changes

introduced in a data base to account for the perturbations introduced by

addi ng seasonal or weather effects. The normal category data base repre-

sents a snap-shot of the target site. The seasonal or meteorological data

base , as di scusse d in Sec tion 2, is one way of allowi ng the target site to

mature w ith time . Normally, comp lex model s can be deve loped or poss ibly

found in the literature which predict the functional dependence of the

underlying category in a des i red altered state, al tered by season or

wea ther. Some s imul ations have been produced from a s ingl e data base whi ch

represent different times of the year. These are shown in Sect ion 5.

Upon obtaining the requisite reflectivity data, the work preliminary

to simulating radar data is finished. The computer programs have been

specialized , the data base produced , and the reflectivity data obtained .

It remains only to enter these data into a computer and produc4 desi red

simulations.

1.6 Synopsis of Computer Programs

1.6.1 Introduction

As shown previously in Figure 1 , the PSM computer programs can be

utilized to form simulated radar data only after satisfaction of the three

L 

(3) input requirements for simulation parameters , data base , and reflectivity

22
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data . The final computational algorithms of the PSM s imulat ion do

not represent the complete model. These algorithms , or modifi cations of

them are invoked to produce final , desired results only after all the

geometrical relationships between radar and ground spot (resolution ele-

ment) have been solved and after all the propagational phenomena have been

properly treated. These geometrical and propagational considerations are

treated in the data handl ing and radar effects model ing which have been

designed into a specific software realization of the PSM.

In general , geometric effects such as radar resolution size, local

angle of i nc idence , range, etc. and propagationa l phenomena such as shadow,

l ayover , compress ion, etc. are treated exp l i c i t l y  by the software. They

are developed from such considerati ons as the flight path parameters, and

the ground topography modeled in the data base.

The general PSM computer software and all specializations incorporate

the same data processing philosophy . This philosophy requires the data
I 

base to be stored on computer-compatible di gital magnetic tape (CCI) as a

matrix developed in a rectangular coordinate system. The first step for

the PPI implementations is conversion of this data base from rectangular

to polar coordinates (SLAR, of course , uses the rectangular coordina te

sys tem).

The simulation computer programs are structured into two separate

phases . The first phase accepts the CCT containing the data base and cal-

cula tes all the geometrical and propagational effects. This phase predicts

the power for each point in the data base from the geometrical data and

stores the power data on an Interim CCT. The second phase incorporates the

resolution as pects of the system be i ng mode led and combines the predi cted

power for the appropriate numbers of data base points into each radar

-
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resolution cell. Finally, it converts the power predicted for each radar

resolution element into the appropriate grey-tone value for each pixel

(picture element) in the output image, and stores the resul ts on a CCI.

If the application being simulated Is a PPI radar, then the next func—

tion performed is conversion from polar coordi nates back i nto rectangular

coordinates. In either case, the final results are stored on an output CCI

in a raster scan format for evaluation on a visual system such as a VDI~.

This philosophy is develcp,d ir~ a little more detail in the following

section for one PPI implementation.

1.6.2 PPI Software Realization of PSM

A PPI is a forward sector scanning, real-aperture radar employing a

scanning antenna. PPI ’s have historical ly been used as “forward—looking ”

sensors for USAF (U.S. Air Force) aircraft in the general roles of terrain-

avoidance, nagivation , guidance , and in addition , in specialized roles.

The geometry of a PPI radar is i llustra ted in Figure 2.

As shown in Figure 2, the PPI radar is mounted so as to i l l u m i nate the

ground in a sector forward of the aircraft. The antenna of a PPI radar

rotates (or electronically scans) a vector of the ground in front of the

aircraft. For example, starting at 45° to the right of the flight path the

antenna rotates whi le i llumina ting the ground across a 900 sector to 450 to

the left of the flight path. Other sectors can be scanned . During the

time the antenna is rotating across the desired sector of ground, the radar

transmits pulses of electromagnetic energy to the ground at a high rate,

or PRF (Pulse Repetition Frequency). Each pulse illumi nates the ground from

*VDI Is a Video Digital Interface System manufactured by Interpretation
Systems , I ncorporated , Lawrence, Kansas.
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the near range to the far range in a narrow swath as confined by the direc-

tiona l properties of the antenna . The return signal from each pulse is pro-

cessed versus time and is input to a CR1 (Cathode Ray Tube) where it is used

to intensity modulate the electron beam as it sweeps across the face of the

CR1. The sweep of the CR1 is synchronized with the rotation rate, or scan

rate of the antenna. Thus , for each pulse transmitted , the antenna moves a

little so that the pulse illuminates a slightly different ground swath than

preceedi ng pulses , and the electron beam of the CR1 is incrementally repo-

sitioned in synchronization with the motion of the antenna. In this way, a

radar image is built -up pulse-by—pulse and sweep-by-sweep . This surnarizes

the operation of a PPI radar and describes the phenomena bei ng modeled by

a PPI software impl ementation of the PSM. Theoretical analyses of a PPI

radar can be found in the literature16’17 .

One specific software realization of the PSM is described in this sec-

tion. The software realization described is of a general PPI radar and a

specialization for a terminal guidance application as previously mentioned.

Details of the guidance specialization are reported in Appendix C. The goal

of this section is to describe the basic functions of the set of computer

programs . A FORTRAN listing of the programs is also provided in Appendix C.

In addition , the discussion is set in the context of the flow of data ,

from start to finish. Figure 3 illustrates , in block diagram form , how

the separate pieces fit together and the interactions that occur between them

when using these computer programs to simulate radar data .

16Skoln ik, M.I., (Editor), Radar Handbook, Moore, R.K. , “Ground Echo,”
New York: McGraw-Hill , 1970.

17Moore, R.K., “Microwave Remote Sensors,” in R.G. Reeves, Remote
Sensing Manual, Falls Church , Virgin ia, American Society of Photogrametry ,
Chapter 9, 1975.
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Figure 3 shows the flow of data, from start to finish , when forming a

simulated PPI radar image. The left side of Figure 3 illustrates where the

data comes from and the right side where it goes. The centra l portion of

the figure shows the computer programs.

As can be seen from Figure 3, the PPI realization of the PSM is for

a digital computer. Three (3) separate computer programs (separate accord-

ing to function) must be run sequentially in order to form simulated radar

data. The first of these computer programs (POLAR CONVERSION) converts a

rectangular ground data base matrix into a polar radar data base array as

dictated by the desire to simulate a polar—scanning radar (PPI). The

second computer program (REFERENCE SCENE) accepts the polar-form radar

data base from the first, solves all the complicated geometrical relation-

s hip s between the radar and each resoluti on e lement on the ground, computes

the power returned from each resolution element to the radar, incorporates

the appropriate antenna correlation function between resolution elements ,

and produces an output array of image density va l ues (called greytones).

The thi rd program (RECTANGULAR CONVERSION) conver ts the array of greytones

which were output from the second program in a polar array into a rectangular

grid matrix having either a format compatible w4th viewi ng the finished simu-

lation for eva luation purposes or a format compatible w ith the Correla tron*

test equipment. Communication between programs is accomplished via computer-

compatibl e magnetic tapes. These tapes contain intermediate products and

only serve as temporary storage either for error ana lys i s or for input to
the next program, thus thei r formats will not be discussed here.

Further di scuss ion of computer programs is contained in Appendix B.

*Correlatron is the name of a two-dimensional cross-correlation measur-
ing device manufactured by Goodyear Aerospace.
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2.0 PRODUCTION OF SURFACE FEATURE OVERLAYS FOR USE IN THE SIMULATION OF

WINTER SCENE RADAR IMAGERY OF THE WAT ERTOWN , NEW YORK, AREA

A data base was constructed for a ta rget site centered on Watertown ,

New Yor k, from which any season and , especially, winter scene radar images

could be simulated . The scene initially was aseasonal , that is , it was

lacking in any characteristics which would define it as belonging to a par-

ticular season of the year. Vegetation cover types, for example , were lis-

ted initially as a unique number wi thin the set assigned for a general

category such as “decid uous wood land” or “grassland ,” with no phenologica l

descriptors such as “deciduous woodland , leaves “absent” or “grassland

dormant.” Since each distributed target had been assigned a unique number ,

appropriate modifiers to place the vegetation into a particular season such

as the winter state and to cover the landscape with snow and the water wi th

ice were added later.

• This task was concerned primarily with the determination of the iden-

tity , areal distribution , and condition of the various surface cover types

of the Earth ’s surface in the vicinity of Watertown , New Yor k, and the pre-

paration of cover category maps at scales of 1:100,000 and 1:24,000 to dis-

play these features for digitization and subsequent integration into the

radar simulation process. The reasoning behi nd this approach and the materials

and methods utilized are described in the followi ng sections.

The 1:100,000 scale map was developed to support relatively high alti-

tude radar simulations ( > 4,500 m) and the 1:24,000 scale map was developed

for low altitude simulations (> 1,000 m).

In the preparation of any map, regardless of its application , it is

necessary to begin with an already available base map or to prepare a base

map from aerial photographs and/or satellite imagery. To this base map ,

— 
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then, additional information may be added as appropriate for the application.

For the Watertown radar simulation data base a film positive orthophotomosaic

(scale 1:100 ,000) prepared and supplied by the U.S. Army Engi neer Topographic

Laboratory served as source information for the location of land/water boundar-

ies and cover-type boundaries for the 1:100,000 scale base map. For the pre-

paration of the 1:24,000 scale base map, the center of the orthophotomosa ic,
covering an area with a radius of approximately eleven (11) kilometers around

the city of t-Jatertown, was photocopied and printed on paper at the enlarged

scale. The maps were drawn on mylar film laid directly over the photographs.

For identifica tion of surface cover types , it was decided to rely on

stereo examination of the original 9 x 9-inch film positive air photos,

acquired by Mark Hurd Aerial Surveys , from which the orthophotomosaic had been

prepared. This source was supplemented wi th LAPIDSAT MSS (Multi-Spectra l Scanner)

imagery, color infrared aerial photographs of portions of the study site, maps

of the Fort Drum Milita ry Reservation supplied by USAETL18 and the open
techn ical literature19’20’21’22’23. The decision to make a versatile aseasonal

base map was based on three factors.

l8
~~ Army Terrain Analys is Laboratory, “Fort Drum , New York, Terra in

Analysis,” U.S. Army ETL, Fort Belvoir , Virginia , October 1977 , 45 pages.

~
9Bowrnan, I., Forest Physiograph - Physiography of the United States and

Principles of Soils in Relation to Forestry, John Wiley and Sons, New York, 1914.
20Gordon, R.B. , “The Primeval Forest Types of Southwestern New York ,” New

York State Museum Bulletin Number 321, 1940, pp. 1-102.
21Kuchler , A.W., “The Potential Natural Vegetation of the Conterminous

United States,” Map and Accompanying manual , Americal Geographical Society,
New York , 1964.

22Roberts, E.A. and H.W. Reynolds, “The Role of Plant Life In the History
of Dutchess County, New York ,” Dutchess County Planning Board , Poughkeepsie,
New York , 1938, 44 pages plus map.

23Schepls , E.L., “Time Lapse Remote Sensing in Agriculture - An Application
of Aerial Photographs, ” Unpublished Master ’s Thes i s, Cornel l University , 1968,
116 pages.
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First, it might be desirous at some future date to simulate a radar

image of the Watertown site for a different season.

Second, most of the surface category boundaries would be evident at all

seasons , even with deep snow cover; only the condition of the surface cover

within each bounded area would change with season, and little effort would

be saved by eliminating those boundaries which would be obliterated by

snow cover. By coding each bounded area by cover category type, it is

poss ibl e to vary the radar backsca tter input as necessary for each category

to fit any season desired. The scheme is limited only by the availability ,

or lack thereof , of empirical backscatter data for the cover types and con-

di tions to be simulated. Such a system has the added advantage of being

easily modified to accommodate changes due to road construction, urban

expansion , etc. This is especially true of the 1:24,000 scale base map on

which each delimited zone was given a unique identification number within

its category type, thus making it possible to access and alter, if desired,

the computer file contents representing each individual zone (field, road,

lake , etc.) .

Third, it was desired to compare several different techniques for

incorporating the scene characteristics representative of winter conditions.

Some of these techniques involved adding snow cover either zone-by-individual -

zone, or simultaneously to an entire cover category; others invol ved the

blanket addition of snow of various depths, the estimation of which was

based on knowledge of topography, tree heights, prevailing winds and average

snowfalls for the months of December through March . Obviously, only an

aseasonal base map woul d provide the versatility necessary for these corn-

parisons . 
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TABLE 2

TIME EXPENDITURES FOR- PRODUCT10r4 OF ALL WAT ERTOWN
ASEASONAL AND WINTER OVERLAYS

DISTRIBUTED POINT SNOW
TARGET TARGET DEPTH

OVERLAYS OVERLAYS OVERLAYS TOTAL

High altitude 71 15 20 106

Low altitude 216 40 20 276

Total 287 55 40 382

32
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The details of the aseasonal base map construction and a discussion

of several approaches for incorporating winter season descriptors into the

Watertown scene are presented in the following sections.

2.1 Preparing an Aseasonal Scene Data Base

Two sets of base maps wi th different level s of resolution were created.

For higher al titude simulations , base maps at a scale of 1:100,000 were pre-

pared; for lower altitude simulations, a scale of 1:24,000 was selected.

The maps were drawn with pencil onto .005” matte-finish mylar film laid

directly over the source imagery. To reduce confusion due to overcrowding

of the overlays, and subsequent errors in overlay production and digitiza-

tion , the surface feature information was divided between two separate

overlays. Boundaries of distributed targets such as water bodies, vegeta-

tion, and bare soil zones were traced onto one overlay. Point targets,

including urban areas , small clus ters of buildings , railroads , bridges and

roads were traced onto the second. A third overlay was constructed for

describing season features.

As with any vegetation map, positions of the category boundaries must

be somewhat arbitrary when vegetation changes are gradual. However, where

the cover types change abruptly, location of the boundaries is estimated to

be accurate to within + 37 m at a scale of 1:100,000 or + 9 m at a scale

of 1:24 ,000.

Total time required for production of the aseasonal scene overlays is

estimated at 382 man-hours broken out as indicated in Table 2. DescrIptions

of the two data bases produced follow .

33
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1:100,000 Scale (High Altitude ) Overlays

For the high altitude aseasonal overlays , the Earth’s surface was

divided into 17 cover-type categories labeled with numerical codes as m di-

cated in Table 3. All zones of coniferous forest were label ed as “10”; all

zones of deciduous forest as “20”, and so on.

Vegetated areas were distinguished primarily by their physiognomy, or

gross canopy architecture , rather than by species composition since radar

backscatter will depend more on the geometry and spatial distribution of

plants and plant parts , the presence or absence of leaves, etc., than on

floral characters and other visually minor features used for taxonomic separ-

ation of plant species. No attempt was made to assign crop names to culti-

vated fields since, during winter months , the fields woul d conta in only

plant residues or tilled soil. Although none of the water bodies were

frozen in October when the aerial photographs were taken, boundar ies were

- 
- 

located in the water to permit sequential freezing of the water if desired

for later season simulations. Locations of freezing boundaries are

somewhat arbitrary but were based on prevailing wind direction during

winter months and topography of the surrounding land surfaces. Individual

road segments were given unique numbers to permit their removal or dimen-

s ional alteration if necessary, but roads were not subdivided by surface

type or size. Cities were divided into sections which were dominated by

trees, buildings , open ground, aspha lt, or by some mixture thereof.

1:24,000 Scale (Low Altitude ) Overl~ys

For the low altitude overlays , 30 cover-type categories were used

(see Table 4). Within the numerical Identification code system, each bounded

area was given a unique number so that It could be easily accessed and

34
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TABLE 3

COVER-TYPE CATEGORIES FOR 1:100,000 SCALE OVERLAYS
(WAT ERTOW N SITE)

IDENTIFICATION
CODE CATE(~ORY

Distributed
target overlay: 10 Coniferous fores t

20 Dec iduous fores t
30 Shrubland or scrub
40 Swamps and marshes
50 Grass
60 Cultivated fields

— 70 Bare ground
80 Water, never freezes
81 Water, first to freeze
82 Water , second to freeze
83 Water , third to freeze
95 Unidentified*

Point target
overlay: 2 Urban area , mainly trees

4 Urban area , mainly
buildings

5 Urban area , equa l por-a 

tions of buildings
and trees

7 Urban area , mainly open
ground , with or without

- a few buildings and
trees

8 Urban area , mainly
- asphalt surfaces

6 Urban area , unidentified*
— 8100 - 8207 Roads

8555 Railroads
8255 Roads , unidentified*

*These numbers were for the use of the digiti z ing team only and
were to be assigned to map features which had been drawn by
the overlay team but had failed to receive an identification
number.

A- 
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TABLE 4

COVER-TYPE CATEGORIES FOR 1:24,000 SCALE OVER LAYS
(WATERTOWN SITE )

- 

- 

IDENTIFICATION
CODE CATEGORY

Distributed
target overlay : 1120 Black River

1200 - 1206 Smal l rivers
1300 - 1334 Small water bodies

1400 Lake Ontar io
1600 - 1606 Swamps and marshes
1700 - 1774 Bare ground
1800 - 1812 Asp hal t
1900 - 1911 Gravel
2000 - 2155 Coniferous forest
2300 - 2480 Deciduous forest
2524 - 2999 Mixed fores t
3000 - 3574 Grass
4000 - 4487 Shrubland or scrub
5000 - 7965 Cultivated fields

Point target
overlay: 1000 Lines of trees

8200 Heavy—duty roads, without trees
8233 Heavy-duty roads , tree-lined
8400 Medium-duty roads, without

trees
8455 Medium-duty roads, tree-lined

— 8600 Light-duty roads, wi thout
- trees

8677 Light-duty roads, tree-lined
- 

- 8800 Unimproved dirt roads,
without trees

8899 Unimproved dirt roads , tree-
lined

8911 Railroads , without trees
8988 Railroads , tree-lined

9011 - 9246 Urban areas
a Flainly trees
b Mainly buildings
c Trees and bui ldings
- Open ground
d Asphalt

9999 Large buildings

_ 
- 
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al tered, if necessary, in the computerized data base. For example, all

areas of bare ground were assigned a number in the 1700’s, but each had a

un ique number (1701, 1702, 1703, etc.). Vegetation classes for the

1:24,000 scale overlay are identical to those for the smaller scale , except

that the category of mixed coniferous/deciduous forest was added. No

freezing boundaries were added to water bodies , since it appeared that all

wa ter surfaces within the sma ller 1:24,000 scale test site would be frozen

over during the target winter month . Roads, although not uniquely numbered,

were identified as to type (heavy-duty , medium-duty, light-duty , or unimproved

dirt). Narrow lines of trees, such as along roads or around fields , were

delimited on the larger scale map, but not on the smaller scale map. They

were drawn on the second overlay with roads, etc., since that overlay is

less crowded and chances of overl ooking them during the digiti zing process

were believed to be smaller. Urban areas were subdivided into areas dominated

by trees , buildings , asphalt , or a mixture of trees and buildings. Because

the four-digit i dentification numbers used would not fit into the small

spaces del imited within the urban areas , each number was given an alphabet

letter suffix (a = mainly trees; b = mainly buildings; C = equal amounts

of trees and buildings; and ci = mainly asphalt), and only the code letter

was written in each bounded area within a city.

2.2. Superimposing Winter Characteristics on the Aseasonal Scene

As previously noted, the Watertown data base was constructed to satisfy

objectives of a study performed for tJSAETL. USAETL specified that a data

base be constructed for an “average” winter month. USAETL specified

February as the target winter month . By “average” winter was meant one

— 
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which literally incorpora ted the seasonal aspects of the average of recent

years . February 1975 was chosen as a model “average ” winter. February

was selected to satisfy study requirements , and 1975 was selected because

cl imatic conditions that year approached the “average” for recent years .

Table 5 l ists temperature and snow depth in February for the years 1974-1976;

1977 was not considered “typical” for the Watertow n area because of an extremely

heavy snowfal l and acc umulation. Allowances for the seasona l changes must be

incorporated into the data base. To change an aseasonal scene into a sea-

sonal scene , information must be added to descr ibe: (1) condition of the

natural vegetation, (2) condition of the cultivated fields , (3) ice cover

(if present) of water bodies , and (4) snow cover (if present) of all sur-

faces , for the particular date being simulated.

During February, most deciduous trees and shrubs would be completely

leafless and in a dormant condition. Above-ground parts of grasses and other

herbaceous species would be mostly dead and dry, if not altogether absent.

Cul t ivated fields would be devoid of crops , although some might be

fal loWed . Corn stubble might be left standing, but other crop residues would

probably be turned under.

Ice thickness data for central New York state were difficult to obtain.

However , data24’25 suggest that most water surfaces would be compl~te1y -fro-

zen in February. Because average daily temperature maxima for 1974 and 1975

were below freezing, It seemed reasonab le to assume , for purposes of this

24Bates , R.E., “Winter Thermal Structure and Ice Conditions on Lake
Champlain, Vermont,” CRREL Report 76-13, U.S. Army Corps . of Engineers Cold
Regions Research and Engineering Laboratory, Hanover , New Hampshire, 1976.

25Bl lello , M.A. and R.E. Bates , “Ice Thickness Observations , North
American Arctic and SubarctIc , 1962-63, 1963-64, Pt. 3,” Special Report No.
43, U.S. Army Corps of Engineers Cold Regions Research and Engineering
Laboratory, Hanover , New Hampshire.
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TABLE 5

WATERTO W N WINTER SCENE TEMPERATURE AND snow DEPTH
[u. s .  Depart ment of Commerce National Oceanic and

Atrr cspheric Administration, 1974-1976]

TEMPERATURE SNOW DEPTH (cm )

AV. MAX. AV. MIN. AV. MAX. DEPTH
FEBRUARY STATION °C °C °C TOTA L ON GROUND
1974 Wtwn1 -2.44 -14.40 -8.44 17.0 7.6

Wt FAA2 —3.11 —13.20 —8.16 14.7 10.2

1975 Wtwn -0.05 - 8.88 -4.44 54.1 17.8

WtFAA -1.05 - 9.66 -5.33 49.0 25.4

1976 Wtwn 3.72 - 9.44 -2.83 39.3 30.4

WtFAA 4.94 - 6.61 -0.83 13.2 6.4

1Wtwn = Watertown

= Watertown airport

______________________ 
_ _ _ _ _ _ _ _ _  
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data base, that the ice surfaces would ren~ain frozen during the day , and no

attempt was made to allow for standing water which might be present on top 
1 

-

of partially thawed ice . Because ice thicknesses for February for the test

site are generally considerably greater than the skin depth of the radar sys-

tem being modeled, i4 was not deemed necessary to include ice thickness con-

tours on the overlays. As was mentioned earlier , however , by digitizing ice/

open water boundaries into the aseasonal scene, the option of changing the

ice/open water ratio on Lake Ontario and its major tributaries was retained.

Snow depth data were obtained from the USDA NOAA* 1976-1976 records of

the Watertown and Watertown airport stations26. A ll other New York reporting

stations with recording gauges and detailed weather records were wel l beyond

the borders of the test site. To simplify the task, it was assumed that

temperatures would always remain below freezing and no free water would exist

within the snow layer; no attempt was made to model incident solar radiation

and resultant snow-melt patterns, since no supporting data on layering effects

were ava ilable. The snow layer was assumed to be vertically homogeneous.

Four techniques were evaluated for satisfying the requirements of the

sponsor of this work for estimating snow depth and incorpora ting that into

the simulation algorithm . These are described below.

2.2.1 Isometric Addition of Snow to the Ground Throughout the Scene

The simplest approach to adding snow to the winter scene is simply to

blanket the ground everywhere with an equal measure of snow regardless of

*(J.S. Department of Commerce, Nationa l Oceanic and Atmospheric Ac~ninlstration.

Department of Commerce National Oceanic and A tmospheric Administration ,
“Cl imatological Data: New York, Volumes 86-88,” Environmen tal Data Service,
National Oceanic and Atmospheric Administration , U.S. Department of Commerce,
1974-1976.
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vegetation cover , topography, direction or deg~ee of exposure or direction

of the wind. This has the obvious advantage of requiring no time for the

production of an overlay . It is versatile in that any depth of snow can

be added. It does, however, ignore variations in snow depth which are

known to be related to other scene variables such as those mentioned above

and therefore offers a very rough approximation of any snow mantle which

would actually be present. For the Watertown area, a snow base of 15 cm
woul d fall within the range of values recorded for maximum depth on the ground

on any given day.

2.2.2 Varying Snow Depth Surface Category Type

Snow accumula tes to different depths in -forests as compared to open

fields, or even in deciduous forests as compared to needleleaf evergreen

forests27 . By taking advantage of this knowledge, it is poss ible to model

the snow cover slightly more realistically than is possible by isometric

additi on of snow, wh ile st ill avo idi ng the expendi ture of time for manual
production of a separate overlay. It is necessary only to apply different

- 

— 
“snow compensation: coefficients according to surface cover type categories

• of the aseasonal scene overlays.”

Snow depths to be used for the simulation were selected on the basis of

ground truth data reported27 for south-central New York. Their data were

Spaeth and C.H. Diebold , “Some Interrelationships Between Soil
Characteristics, Wa ter Tables , Soil Temperature and Snow Cover in the Forest
and Adjacent Open Areas in South-Central New York,” New York Agricul tural
Experiment Station Memoirs, No. 213, Cornell University, Ithaca, New York,
76 pages.
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standardized by transforming their absolute reported values into ratios

and then using these ratios to adjust 1975 base values . Where cover cate-

gories differed from theirs (e.g., urban areas , railroads , etc.) “reasonab le”

estimates were used for snow cover accumulation . Table 6 lists snow depths

used for this approach .

2.2.3 Varying Snow Dep_th with Exposure_to Wind

To take wind direction i nto account in an effort to anticipate drift-

ing and blow ing patterns, one should rightfully have some i ndepth knowledge

of the effects of shape, s ize, and l ocation of surface protuberances (houses,

hi lls , stands of trees, etc.) on wind speed and direction , on a local scal e

as wel l as a larger scale. Snowflake size and water equivalency may also

affect snow accumulati on patterns. However, exact conditions of wind speed

and direction , snow water-equivalency , snow depth, etc. may vary significantly

from one snowfal l to another; hence, drift patterns can be expected to vary

as well.

This approach to winter scene modeling was consistent with the sponsor ’s

requirements and, thus, a third overlay was constructed to indicate snow

depth contours on a coarse scale. Prevailing wi nds were assumed to blow

from the southwest, depositing less snow on exposed hilltops and bluffs and

more snow in protected sites on the leeward side of hills , bluffs, and

wooded areas. Valleys more or less perpendicular to the prevailing wind

direction were allowed to accumulate more snow than those more or less

parallel to the wind direction. No variations in snow depth were allowed

for different vegetation types. Table 7 indicates the snow depth categories

selected. The base may be varied to fit local conditions for the date to

be simulated . For this case, base is 15 cm. The same identification codes

42
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TABLE 7

OV ERL A Y CO DES FOR VA R Y I N G  SNOW DEPTH W ITH EXPO SURE TO W IN D

IDENTIFICATION CODE
(1:100,000 and 1:24,000 SCALE) SNOW DEPTH

000 No snow

100 Base*
200 Base + 15 cm

300 Base + 30 cm

400 Base + 45 cm

*Snow bas e for this simula tion was set at 15 cm

-- — - —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~-- “ ~~~~~~~
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and depth categories were used for both the low and the high altitude

overlays . Approximately 20 hours each were required to produce the high and

low altitude snow depth overlays (see Table 2).

4. Varying Snow Depth with Surface Type and Exposure to Wind

In the real worl d, snow accumulation and drift patterns will be related

not just to surface type, vegetation type or exposure, but to a contination

of these factors p lus  wind speed, snow wetness, etc . Incorporation of snow

characteristics into the simulation algorithm does not appear feasible at

this time. However, computer combi nation of both the wind exposure overlay

and the surface type variations in snow depth may be possible. This method

was not tested but is reconinended for future research.

2. Watertown Data Base Specifications

Three types of overlays were constructed for both the 1:24,000 and

1:100,000 scale data bases : (1) distributed target , (2) cultural target ,

and (3) snow depth. These overlays were digitized and merged with eleva-

tion data as discussed in Section 3.

P~ .a Base Specifications -- Watertown

Specification of pertinent parameters for the 1:24,000 scale data base

is presented in Table 8, and for the 1:100,000 scale data base in Table 9.
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TABLE 8

PARAMETER SPECIFICATIONS : 1:24,000 SCALE DATA BAS E
(WATERTOWN SITE )

Data base size: Approximately 23.2 km x 23.7 km
- (14.4 x 14.7 miles)

Site location: Center located at coordinates
43° 58’ 43”N by 750 52’ 31”W

Spatial sample size: 6.25 m (20.5 feet) in both range
and az imuth

Elevation data accuracy : Estimated to be approximately
+ 12.5 m (+ 41.0 feet)

Backscatter category Estimated to be approximately
resol ution : 30.5 m (100 feet) in both range

and azimuth
Number of elements in 14,105,600 (3712 records, each

digital matrix: containing 3800 points ) at 6.25 m
per sample in both range and
azimuth; N = 3712 records and
M = 3800 points

Scale: 1:24,000
Source intelli gence data used :

Eleva tion data : 
- 

Provided by ETL from the output
of the UNAMACE elevation data
computer program

Category data: Spatial geometry and detai l was
obta ined from 1:100,000 scale
orthophoto (rectifi ed geometry )
and distributed category bound.-
aries interpreted from 1:100,000
high-resol ution aerial photo-
graphs wh ich a lso served as the
source for the orthophoto.
(Note: the geometry of the
terra in in the orthophoto was
rectified for a tangent plane
approximati on to the Earth
centered on the target center).
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TABLE 9

PARAMETER SPECIFICATIONS : 1:100,000 SCALE DATA BASE
(WATERTOWN SITE )

Data base size: Approximately 80.8 km x 85.0 km
(50.2 x 52.8 miles)

Site location: Center located at coordinates
430 58’ 43”N by 750 52’ 31”W

Spatial sample size: 25 m (82.0 feet) in both range
and az imuth

Elevation data accuracy: Estima ted to be approximately
+ 12.5 m (+ 41.0 feet)

Backs catter category Est imated to be approxima tely
resolution: 100 m (328 feet) in both range

and azimuth

Number of elements in 10,988,800 (3232 records , each
digital matrix: containing 3400 points) at 25 m

per sample in both range and
azimuth; N = 3232 records and
P-I = 3400 points

Scale : 1:100,000
Source intell igence data used:

Elevation data : Provided by ETL from the output
of the UNAMACE elevation data
computer program

Ca tegory data : Spatial geometry and detail -was
obtained from 1:100,000 scale
orthophoto (rectified geometry)
and distributed category bound-
ar ies interpreted from 1:100,000

— high-resolution aerial photo-
graphs which also served as the
source for the orthophoto.
(Note: the geometry of the
terrain in the orthophoto was
rectified for a tangent plane
approximation to the Earth
centered on the target center).

47
-

L 

‘

~ 

- -----------—— -— -• - -• --—----— • —  T~ - ’-~-T _ •~~~~~~~~ , — .-
.
-, - 

_ •  -

5- __ ~~~~~~~~~~~~~ 

.—— .n.- — —--—

~~~ 
—.- --—- —

~~~ 
~~~~~~~~ C..L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ - 

~ - ~~~~~~~~~~~



- - -

3.0 CONSTRUCTION OF A DIGITAL DATA BASE FROM SURFACE FEATURE OVERLAYS

3.1 Definition of Work Performed

A digi tal data matri x wh ich comprehens ively descr ibes the target scene

is required as i nput for the PSM radar simulation package. Each number in

this input matrix is encoded to describe a fixed area of ground in the tar-

get scene . The area represented by eac h value i n thi s matrix defines the

resolution of the data base.

The information required at each point in the data base includes :

(1) the local elevation above sea leve l ,

(2) a category assignment for the ground
cover of that cel l , and

(3) aseasonal category assignment.

This section describes the techniques used to transform hand-drawn

maps into digital form and to combine the resul ts Into a s ingle comp lete

di gital data matrix for input to the radar simulation programs (such as

those listed in Appendix C).

3.2 Construction Approach

A single general format was carefully defined for the various category

maps to be input to the data base construction package so that all of them

• could be transformed into digita l format with the same software. Each map

consists of a series of line boundaries that completely segment the tar-

get area into distinct fields . The category type of each field is identi-

fied by a category number wri tten inside the field boundary . No other

details are included in a map except ~or a ser ies of reg istration mar ks

which are used to define precisely the scale and orientation of the map so

that it may be registered wi th other maps and elevation data . In the cultural
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map wh ich inc ludes li near targets such as roads and ra i lways , a spec ial

value was associated wi th these lines to indicate that they represent a

category type themselves and not merely a boundary between two category

types .

A digital representation of the information included in each of these

maps was generated by tracing the border of each field in the map on a

large-scale digitizing table. Then a series of computer programs were run

to convert the digital data representi ng field boundari es into a complete

two—dimensional matrix In which each cell contains the category value

corresponding to the field in which it is found.

The software package which was used to create and assemble the final

digita l data base can be divided into three major segments. After the

digi tal data representi ng field boundaries were acquired, it was necessary

to identify each field boundary in the data stream and insure that the

boundary was continuous (at the resolution of the final data base) and

formed a closed region (i.e., the last po int of a boundary returned to the

initial point of the boundary). At this stage , end markers were placed in

the data stream to separate distinct borders , and when di scon tinuiti es were

found points were added to the data stream to form complete boundaries . In

the next step, for each closed boundary, the points representing the border

were converted to matrix cell locations and all those matrix cells lying

- • within the enclosed region were assigned the corresponding category value.

Finally, after each of the required digital matrices were completed (e.g.,

distributed target, cultural target, and seasonal map), they were merged

together along wi th the elevation matri x to form a single output unit con-

taining all of the required information. Each of these steps will be

described in detail in the following sections. 
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3.3 Digitizing Surface Feature Overlays

At the beginning of the data base construc tion process , the only input

is a collection of hand-drawn feature maps which must be transformed into a

di gital data base. Since the firs t program in the series requires a digital

i nput , it is necessary to somehow represent these maps digitally in a form

which the programs can then manipulate. This Is accomplished by digitizing

the maps on a digi tizing table. A Bendix digitizing table interfaced to a

dedicated minicomputer , which in turn is connected to a seven-track magnetic

tape dri ve for output, was used. For verifi cati on of a day ’s work , there

was also a Calcomp plotter which , wi th some software support , was able to

read the tape and plot out the area s which had already been digiti zed. This

enabled the operators to check for areas which were digiti zed twice, or that

were missed . The digitized boundary data were stored serially on computer-

compatible magnetic tape for the remainder of the digital processing.

For ease of construction , it was decided that each area representing

a given field would be digitized by tracing its entire boundary. This implies

that there would be line segments which were digitized twice , but the loss of

time was outwe i ghed by the fact that the category number for a field could

be followed by all of the coordinates defining the boundary of the field.

The other major a priori decision was that each field would be digitized

in a clockwise direction. Th is was required because one of the later pro-

grams (AREAFIX , see Appendix B) requires that it know the direction of

travel of the line.

Before the start of each digitizing session , reference points were

entered via the table. This was necessary for two reasons. First , the

reference points defined the scale and ori entation of the map. Since the

completed data base must coincide wi th the elevati on data base , these

50
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reference points were chosen to correctly orient the digiti zed data in the

same scale and direction as the elevation data . Next , since the maps were

too detailed to be completely digitized in a single session , the reference

points insured that the data from different sessions were correctly scaled

and oriented wi th respect to each other , thus insuri ng geometric fidelity

between the output of different sessions . For these reasons , great care

was taken in both the determinati on and registration of the reference points .

The actual digiti zed data for each field consisted of four pieces of

data. First , a symbol was output to indicate the beginning of a new field.

This was optionally followed by a category number for the field to be digi-

tized, if it differed from the category of the field previously digiti zed.

Next , there were the actual x-y-coordlnates of the field boundary. Finally ,

when all of the points for a single field were recorded, a special end-of-

bounda ry symbol was written to the output tape.

The di giti zing system supported two modes of operation for tracing the

- 
- 

field--continuous and point modes . In the conti nuous mode, the digiti zing

j system sampled the cursor position at regular (10 milli-.second) time inter-

vals and outputted an x-y-coordinate pair refl ecting this position in the

coordinate sys tem defi ned by the reference points . Wi th this mode, the

individua l simply traced the border with the cursor and the system auto-

matically recorded data . Care had to be taken , however , not to stray from

the line being traced since data were being collected continuously and it

was not possible to erase errors . If an error were made during the digiti-

zat ion of a f ield boundary, all of the data for that boundary had to be

deleted and the entire boundary redigiti zed. This mode was used for irregu-

lar boundaries. For rectangular fields , the point mode was us ed in wh ich

the operator needed only to record the corner points . Software was used 
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at a later time to process these data (INITFIX , see Appendix B ) for con-

necting between the points . This mode greatly reduced the volume of data

col lected and stored, and also el iminated unwanted opera tor i rregular iti es

crea ted when trac i ng a stra ight line.

After each day ’s work, the output tape was input to the plotti ng

device to produce a visua l record of the data collected . Closely examining

these plots allowed the operators to detect errors, suc h as fields that were

not digitized or that were incorrectly digitized so that these errors could

be corrected in the followi ng digitizi ng session.

3.4 Construction of a Digi tal Data Base Matrix

3.4.1 Introduction to the Approach

The transformation of digital data representi ng field boundaries into

a two—dimensiona l digita l matrix is conceptually quite simple. The points

representing a field boundary are placed in the appropriate cells in the

matrix and then an algorithm is executed to fill in all those cells enclosed

by the closed line segment wi th the appropriate category number . The size
— of the data base to be produced , however , introduced some significant prob-

lems for implementation of this conceptua l approach. The size of the data

base matrices to be produced was approximately 3200 lines by 3200 columns ,

or about 10,000,000 cells per data base. This number is about 100 times

larger than the amount of main memory available at the computer facilities ,

so it was clearly Infeasible to store the entire data matrix in memory.

To overcome computer memory space limi tations, an approach was devel-

oped to construct the two-dimensional matrix a single column at a time.

The basic premise being that a column of the data base can be constructed

if the bottom and top points are known for each field in the data base that

the given column Intersects.
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The fi rs t maj or s tep to be performed in the data base construction

sequence was to correct known errors in the original input data and to

modify the format of the data to one which was more convenient for the

rema ini ng programs in the sequence. The errors in the input data were of

• two general types . The fi rst type of error was disconti nuities in line

segments. There cannot be any errors in a field boundary for the construc-

tion process to execute correctly. Since the input data were sequential ,

gaps were easily detected by calculating the distance between adjacent

input points. If a gap were found, a s imple connect routine calcula ted

the points required to fill in the gap. The second type of error was the

resu1t of errors occurring duri ng the original digitizing process. Errors

of this type include assignment of the wrong category to a field boundary ,

digit izing the same f ield more than once , or only partially digitizing a

field. These errors had to be identified either by the operators them-

selves or through program checks at various points in the sequence. These

errors were corrected by eliminating bad data points and changing incorrect

category assignments , etc., in the data system.
The next step in the sequence was to label each point of a line bound-

ary as a bottom, top, or interior point for that boundary. Interior points

occur withi n vertical line segments and were deleted since only the bottom

and top points of a boundary were needed. All boundar ies were digitized in

a clockwise manner to facilitate this labeling of the points. Given this

in formation and the di rection of the line segment beFore and after a point

in the line , determine whether a given point is a bottom, top, or inter ior

point. Di rection of the line segment was easy to determine since the data

remained in sequential order.
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Having labeled each poin t  as a bottom or a top, the points were then

sorted according to the column in which they belonged so that each column

could be constructed independently. At this stage , the sequential order

of the data was lost since that information was no longer required .

Finally , each column of the completed data base was constructed inde-

pendently from the list of bottom and top points falling in a given column .

First the points in a column were sorted by thei r line number from smallest

to largest. Then the column was expanded to its ful l length by assi gning

the appropriate category number to all those cells between the bottom and

top points of a particular field.

3.4 .2 Sumary of Computer Programs

A description of all computer programs used to form the digital data base

from the digitization information is contained in Appendix B.

3.5 Merging Different Category Matrices

Typically, three (3) sets of hand-drawn data base maps were constructed

and passed through the digiti zation process descri bed in the precedi ng sec-

tions. One (1) for distributed targets such as forests , f i e lds , lakes ,

etc., one (1) for cultura l features such as buildings , roads , runways ,

railways , etc., and one (1) for seasonal data such as snow depth, etc .

At this point It is necessary to combine these three (3) matrices as output
• from the computer programs described In Section 3.4 with each other and wi th

an elevation data matri x into a single meaningful data base containing all

the information. This merging of data bases must be done carefully to

insure that correct alignment between the data bases is accomplished . Further ,

while the snow and elevation information must be packed in with the cate-
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gory information , the cu l tura l i n fo rma t ion, i.e. , cit ies, roads , rai l roads ,

and houses , actually replaces the category information .

W ith these requi rements i n mind, a three-program package was developed

to accomplish the merging of these various data bases . The input to this

sequence of programs is the complete category , snow , and elevation data

bases , as well as the SORT output for the linear and point targets of the

cultural map, and the BUILD output of the city areas . ( For a description

of SORT and BUILD , see Appendix B). Output from this sequence is the

ful l rectangular data base , containing accurate category, snow , and ele-

vation data for each resolution cell. The programs wh ich produce this

are:

(1) CATEGORY AND CULTURAL MERGE - which combi nes the
category and cultural data bases

(2) ADD SNOW - which overlays the snow data base onto
the output of (1), and also reassigned the cate-

• gories of the data base
• (3) ADD ELEVATION - which adds the elevation infor-

mation to the data bas e produced in (2), the
output of this program is the ful l rectangular
data base

These programs are described in Appendix B.
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4.0 RADAR SIMULATION: BACKSCATTER DATA AND AN EMPIRICAL MODEL FOR SNOW

The purpose of this chapter is to descri be the radar reflectivity

data utilized in radar simulation of the Watertown , New York , area “winter

scenes” . Two goals of the overall winter scene study , as set forth in the

Introduction , are to arti fically generate representative radar imagery

(i.e. , without the use of actual radar images ) for a typical Watertown

winter s i tua t ion, and secondly, to evaluate the imagery . Of parti cular

interest to the military comunity is an evaluati on of the simulated

imagery for terminal guidance. This imagery should be evaluated in the

future to determine whether drastic seasona l differences occur between a

representative wi nter scene and , for example, a “summer scene” . Great

disparity between the scenes implies a need for at least two , stored ,

reference images for year-round effectiveness in terminal guidance.

However , if negligible discrepancies between seasonally different scenes

are found to be consistently occurring , then the need for multiple refer-

ence scenes per target site is not well established . Nevertheless , it

will be important in the future for the sake of profitably exploiting

the potential  of radar , both as a termi nal guidance sensor and a means of

in-flight guidance updating, to understand the seasona l variati ons of

the radar images of terrain. Radar simulation is an excellent means of

attaining this type of knowl edge.

The backscatter data in radar image simulati on serves as a link in

the chain of events described in Chapter 1-3. Since real radar imagery

is not used in the production of surface feature overlays or data bases,

we need backscatte r information in combination with photographic sources

of intelligence to predict what the radar will “see” or what target types

-
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the radar can distinguish , and how well it can do this. To avoid being cryptic ,

let us use an example. Photographic information shows us boundaries , field-to-

field contrast, and so forth. What we would like to know, or predict with

radar image simulation , i s whether the radar can see s imi lar boundar ies , simi-
lar or reversed field-to-field contrast, etc. One situation in which photography

(or any other intelligence source) fails to serve the needs of radar image

simulation occurs when the camera fails to distinguish between two objects on

the basis of tonal differences while the radar could have distinguished

between them, given two equal resolution systems. Such occurrences cause

“errors ” in the data base, and are unavoidable in some instances without further

knowledge to complement the photography . Radar backscatter data, together with

photographic images , have served wel l the purpose of radar simulation and the

images produced have been very similar to the actual radar imagery5.

We have applied backscatter data to characterize “distributed” targets

• in simulations and have symbolically represented cultural targets as film

saturations. Alternate approaches are being sought for cultural targets,

as the concept of a backscatter coefficient for such targets is not felt

to be val id . On the other hand, the backscatter coefficient c~
0 is the

only factor in the “radar range equation” which is determined by the terrain

properties alone. Subsec tion 1.3.1 discusses the use of the radar equation

for simulation , and mentions constraints on its use based on resolution cell

s ize, the distribution and number of scatterers, and so on.

The backscatter coefficient is a measure of the reradiative ability

of the terrain. Since ~° is related to the power ratio of the received

• 

. 5Holtzma n , J.C., V.H. Kaupp, J.L. Abbott , V. S. Fros t, E.E. Komp, and
E.C. Dav ison, “Radar Image Simulation: Val idation of the Po int Sca tter ing
Model ,” Eng ineer Topographi c Laborator ies , United States Army, Fort Belvoir ,
Virginia , ETL-0117 , June 1977.
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signal to the transmitted signal , it contains no explici t phase information.

However , the amplitude information in a plot of a° versus angle of inci-

dence for a particular distributed target relays a good deal about the

target. Several features of these plots are notable: the a° va lue at
nadir , the shape of the curve , the rate of drop-off at large angles ,

obvious break points in the curve, and the total change in a° between zero

degrees and near ninety degrees. These features of a a° curve have sig-

nificance when obtained by a precise scatterometer. For example , such a
plot can often tell us whether a surface scattering terrain under investi-

gation is smooth or rough relati ve to the illumi nating wavelength . In

another situation it mi ght indicate at what angular range a layered med i um

is making a transition between looking (to the radar) like a volume scatterer

and a surface scatterer. Another interpretation of two cT0 curves plotted

• on the same scale might be an observation of difference in target moisture

content, dielectric val ue, etc. Thus, the backscatter data plots contain

information on the micro-scale (i.e. , the order of wavelengths ) compared

to the terrain elevation and category sampling distances described in

Chapters 2 and 3.

We can turn these observations about backscatter around to use them

as guidelines for analysis of newly gathered a0 data or for synthesis of

backscatter data for currently unmeasured targets we would like to simulate .

Other techniques which have to be employed to fill the gaps in the a° data

ca talog i nclude frequency extrapola tion or interpola tion. Many suc h gaps

exist in the a° data cata log when we begin to deal with the backscatter

from snow , from snow over vegetation, and other, s imi lar layered structures.

However , one empi rica l model being deve loped at the Remote Sens ing Laboratory
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by W .H. Stiles and F.T . Ulaby for snow over another medium characterized

by a known backscatter function (of a0 versus o) has been investigated and

• employed in the winter scene simulations. The following subsection briefly

describes recent empirical developments .

4.1 Backsca tter Data for W inter Simula tions

In the w inter of 1975 the Remote Sens ing Laboratory began to conduct

experiments on snow backscatter measurement. Since that time the number of

frequency/polarization combinations has been greatly increased to yield a

fairly large quantity of backscatter measurements . Severa l documenting

reports and publ ications have s ince followed28’29’30. In addition to the

work being done at the University of Kansas , researchers at the Georgia

Institute of Technology , the National Bureau of Standards and the Massachu-

setts Institute of Technology have investigated the behavior of active and

• 
• 

28Stiles , W .H., F.T. Ulaby, B .C. Hanson , and L.F. Deliwig, “Snow Back—
scatter in the 1-8 GHz Region,” RSL Technical Report 177-61 , University of
Kansas Center for Research , Inc., Lawrence , Kansas 1976 .

29Stiles , W.H., B.C. Hanson and F.T. Ulaby , “Mic rowave Remote Sens ing
of Snow : Exper iment Descr iption and Prel iminary Results ,” RSL Technical
Report 340-1 , Uni vers ity of Kansas Center for Researc h, Inc., Lawrence ,
Kansas , June 1977.

30Ulaby , F.T., A.K. Fung, and W.H. Sti les , “Backscatter and Emission of
Snow : Literature Review and Recomendations for Future Investigations ,” RSL
Technical Report 369-1, Univers ity of Kansas Center for Research, Inc .,
Lawrence , Kansas , June 1978.
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passive microwave systems in response to snow as the target31’32 ’33’34 ’35’36 .

Preliminary observations of snow backscatter data indicate that snow can

behave as either a volume or surface scatterer , that I t  can appea r transparent

or opaque or as an attenuator to microwaves , and that these types of behavior

are causally related to the “free water content”37 of the snow , its temperature

profi le, depth , density profile , ionic impurities , the frequency, polarization,

and angle of incidence of the sensor , etc . Signal fading has been observed38

and it requires appropriate averaging of the data to be able to arrive at a

mean a0 value.

31 Curri e, N.C., F.B. Dyer and G.W. Ewel l, “Radar Millimeter Backscatter
Measurements from Snow ,” Final Report , Engineering Experiment Station, Georgia
Tech., Atl anta , Georgia , January 1977.

32lsang, L. and J.A. Kong, “The Brightness Temperature of a Half-Space
Random Medium with Non-Uniform Temperature Profile,” Radio Science 10(12) :
1025-1033, December 1975.

33Tsang , L. and J .A. Kong, “Microwave Remote Sensing of a Two-Layer
Random Medium, IEEE Trans. Ant. and Pr!p~., 24(3):283-287, May 1967.

34Tsang , L. and J.A. Kong, “Theory for Thermal Microwave Emission from a
• Bounded Medium Containing Spherical Scatterers ,” J. Appl. Phys ., 48(8) :3593-

3599, August 1976.
35lsang, L. and J.A. Kong, “Wave Theory for Microwave Remote Sensing of

a Half-Space Random Medium wi th Three—Dimensional Variations ,” Radio Science
(to be published), 1978.

36lsang, 1. and J.A. Kong, “Radiative Transfer Theory for Acti ve Remote
Sensing of Half-Space Random Media ,” Radio Science (to be published).

37Ulaby , F.T. and W .H . Stiles , “Backscatter and Emissivity of Snow,”
Proceedings MIcrowave Remote Sensing Symposi um, Houston , Texas , December
1977.

38Stiles , W .H. and F.T. IJiaby, “The Active and Passive Microwave Response
to Snow Parameters , Part I : Wetness ,” RSL Technical Report 340-2, University
of Kansas Center for Research, Inc., Lawrence , Kansas , October 1978.

CO



- ‘ 
- -  ~~~~~~~~~~~~~~~ - :~~~~~~~~~~~~~~~~~~~~~~ - - •

Analysis of the Kansas data by W.H. Stiles for the situation of a layer of

snow over an underlying frozen ground has generated an exponential empiri cal

model for the backscatte r coefficient. (Both the air-snow and the snow-ground
• interfaces were fairly smooth in the actual experiments). This model is

• reported in  Stiles ’ dissertation and as Remote Sensing Laboratory TR 340-3.

It will not be reported here as it was unpublished at the time of the writing

of this report . All data resulting from the appl ication of the empirical

model are reported in Appendix A.
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5.0 RESULTS

The Watertown simulation site is centered on the southwestern corner

of the Freeman Bus Company garage on the northeastern side of Watertown ,

New York , and is characterized both by several city cultural complexes as

wel l as by forested regions and agricultural field pattern areas . This

geographic region represents a mix of cultura l and distributed targets .

Construction of the data base for this site Is reported in Section 2 and

simulation parameters for it are summarized there. Reflectivi ty data used

• in making simulations from this data base are p-resented in Appendix A.

Sample simulated PPI results have been produced for the Watertown

site. These results have been generated via a digita l computer from the

guidance specialization discussed earlier (see Section 3 and Appendix C),

and have been photographed from the image display of the VDI. Table 10

presents the parameters of the guidance radar as modeled. A sequence of
• simulated scenes representi ng four different altitudes of the PPI radar

over each of the data base sites were produced and are presented here .

-j Figures 4 and 5 present sequences of four (4) simulated radar images

• produced from the Watertow n target site. In the figures , the scenes labeled

Band 1 represent the lowest alti tude and Band 4 the highest. The Band 1

scene portrays a simulated radar image of an a rea consisti ng of approximately

250 square kilometers , and the Band 4 scene portrays an area of approximately

• 4,000 square kilometers . Table 11 summarizes the simul ation characteristic

of each scene.

In both figures ,-a sequence of images starting with Band 1 and ending

with Band 4 is presented. Figure 4 presents radar data for the Watertown

site in late fall to early winter, and Figure 5 in mid-winter with a sig-

nificant accumulation of snow on the nround. These have been produced by

- - - 
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TABLE 10

GUIDANCE RADAR PARAMETERS AS MODELED FOR SIMULATION

Transmitting frequency: X-band

Polarization (transmit-receive): HH (horizontal—
horizontal)

Resolution: -

Band Number Range Resolution Azimuth Resolution

1 30.5 m (100 feet) 1/2°
2 30.5 m (100 feet) 1/2°
3 100 -m (328 feet) 1/2°
4 100 m (328 feet) 1/2°

TABLE 11

- SIMULATION CHARACTERISTI CS

Transmitting frequency: X-band

Polarization (transmit-receive): HH (horizontal-horizontal)

• Resolution:
• Band Azimuth Number of

Number Range Resolution Resolution Resolution Cells

1 30.5 m 100 feet 1/2° 105, 120
2 30,5 m 100 feet 1/2~ 210, 240
3 100 m 328 feet 1/2~ 128, 160
4 100 m 328 feet 1/2 255, 600
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Band 4 Band 3

-

I

‘1 *.

Band 2 Band 1

Polarization HH
Frequenc y X-Band

Resolution 18 m x 1/2°

• Figure 4. Rada r Image Simulati ons of Watertown , New Yor k, in late fall to
early winter.

• 64 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— 

— — - - - 5----- -



-

I ‘ ‘ 
-

~~~~~
‘ f ‘~•W~~~ ~~~~kW- ~~ ~~~~

4

Band 4 Band 3

& 
,qi1t~

- I 
- 

- .

Band 2 Band 1
Polarization HH
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Frequency X-Band

Resolution 18 m x 1t2!

Figure 5. Radar Image Simulations of Wa tertown, New York i n mid—winter
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the computer software confi guration for simulating the ballistic missile

guidance system and the Correlatron. Thus, the geometry and parameters of

these scenes is the same as discussed in Section 1.6 and Appendi x C, and

as suninarized in Tables 10 and 11.

As can be seen in the figures, the charac teriza tion of the s imulated

images changes from one dominated by the city of Watertown with reasonable

percen tages of fores t and fields of bare ground in the Band 1 image, to

one dominated by forest and fields of bare ground with city complexes pre-

sent in the Band 4 image. Linear fea tures such as roads , railroads , and

lines of trees are prominent in all four bands . Water features such as

rivers are present in all four bands but they become significant in the

Band 4 scene with the appearance of the coast of Lake Ontario.

The Bands 1 and 2 images were constructed from 1 1:24,000 scale data

base and the Bands 3 and 4 scenes fr om a 1:100,000 one. Construction of

these data bases is discussed in Section 2 and their characteristi cs and

attri butes for radar image simulation are summarized there. The refl ec-

t ivity data used for making simulated guidance radar images from these

data bases are listed in Appendi x B.

The sequences of scenes presented tn Figures 4 and 5 were prepared to

test rada r image simulation via the PSM for a more complex site and for a

different season than earlier work 5 ’6’ 7. Unfortunately, the f l i g h t  test

5Holtzma n, J.C. , V.H . Kaupp, J.L. Abbott , V .S. Frost , E.E. Komp, and
E.C. Davison , “Radar Image Simula tion : Val ida tion of the Point Scattering
Model ,” Engineer Topographi c Laboratories , United States Army, Fort Belvoir ,

• Virginia , ETL-0117 , June 1977.
6H oltz ma n, J.C., V.H. Kaupp, J.L. Abbott, V.S .  Fros t, E.E. Komp , and

E.C. Davison , “Radar Image Simulation : Validation of the Point Scattering
Method ,” Volume II , ETL-0118, Remote Sensing Laboratory Technical Report,
RSL TR 319-28, University of Kansas Center for Research , Inc., Lawrence,
Kansas , September 1977.

7Holtzman, J.C., J.L. Abbott, V.H.  Kaup p, E.E. Komp, E.C. Davison , and
V.S. Frost, “Ra dar Ima ge Simulation: Validation of the Point Scattering Method,”
Addendum, ETL-0155, Remote Sensing Laboratory Technica l Report, RSL TR 319-31,
University of Kansas Center for Research , Inc., Lawrence , Kansas , June 1978.
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program, scheduled to be flown in February 1978, has not yet been conducted

and , thus , the actual data for comparison analyses have not yet been collected .

The simula ted radar images therefore can only be shown in the figures for infor-

mation as correlation results ha-ye not been produced, though they may be produced

some time after the fl ight tests planned for the 1979-1980 winter.

The winter scene sequence shown in Figure 5 was developed utilizing a uni-

que data base construction philosophy discussed in Section 2, and an empirically

derived model for the effects of snow covering an underlying reflectivity cate-

gory [to be published in RSL TR 340-3, by St i les , et al. 1979]. As can be

• seen by comparing the scenes having snow to those without snow, the major

effect from this model is an average brightening . But also , new boundar ies are

created and some old ones are diminished , effects importan t in the correlation

process to be used (i.e., the Correlatron).

On a qualitative basis , the sequences portrayed in both figures 4 and 5

“look” appropriate for the scenes and seasons they represent; fall and

winter , respectively. Two major artifacts are immediately obvious in all

three figures : (1) lack of fading and (2) simulation of cultural targets .

Because these sequences were produced for testing via a Correlatron, fading

was not introduced into the simulated images as fading would have been an

addit ional  source of “noise ” thereby lowering the correlation peak and

broadening it. Because these sequences were to be as omni-directional as

poss ible , cultural targets were simulated symbolically. The simulation pro-

cess for cul tura l tar gets was one of marking the presence , shape, size ,

and location of each individual target or complexes of them. They were all

given a maximum return value with no attempt to actually predict their

return with the exception of cities . Cities were subdivided into four (4)

kinds of categories: (1) mostly structures, (2) mostly trees , (3) mixed

_ _ _ _ _ _ _ _ _ _ _ _  
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structures and trees, (4) open land. The first three (3) of these cate-

gories were treated symbolically and the fourth was simulated as a normal
distributed target.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

• 6.1 Conclusions

It is believed that development of the PSM model has resulted in a

very advanced simulation system which has expanded the frontiers in radar

simulation . The gui dance radar simulation work reported here represents one

“real-world” applica tion of the model . The following items represent the

major accompl i shmen ts of this s imula t ion project:
(A) The genera tion of w inter situa tion reference scenes

and development of methods for constructing data
bases .

(1) The necessary techniques have been
developed to extract feature infor-
mation from various kinds of source
intelligence for constructi ng data
bases.

(2) Specialized computer programs have
been developed to process hand-drawn
feature maps into data bases.

(3) An approach has been developed for• adding a dimension to data bases
whereby the radar images correspond-
ing to different seasons can be
simulated .

(4) Data bases have been developed from
manual photo-interpretation tech-
niques. Interactive feature extrac-
tion techniques wou ld speed-up
construction of data bases and is
judged to represent a potential
reduction in the costs of ma kin g
data bases .

(B) The need for empirical backscatter model s and back-
• scatter data has been identified as the radar scenes

show seasonal changes for geographic locations
receiving considerable, medium to high free water
content snow.
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(1) Too little backscatte r data are
available for the kinds of
reflectivity categories in the
terres trial envel ope of scenes
for which radar simulations are
potentially desired.

(2) The numbers of variations in con-
ditions in the ground (i.e., seasonal
and meteorological variations ) with
variations in radar parameters (i.e.,
frequency, polarization , etc.) are

• too many for measuring all permutations.
Theories must be developed for extend-
ing and extrapolating empi rical back-
scatter data for conditions not measured.

(C) The PSM has been demonstrated to be a high-quality
general methodology for the simulation of ra dar
imagery. This judgment is based upon the qualita-
tive analysis of the simulations and similar
actual imagery.

(1) The necessary mathematical models ,
software implementations , and tech-
niques have been developed to simu-
late radar images representative
either of PPI or SLAR (real or syn-
thetic aper ture).

(2) Radar propagational phenomena such
as layover an d shadow as well as
geometrical relationships between
radar and ground are accurately
treated

• (3) The general PSM implementations are
capable of simulating the radar
return from compl ex terrain hav ing
significant rel ief .

(4) The general PSM implementations
are capable of simulating the radar
return from a scene for a radar having
a specified resolution and averaging
of independent samples (within the
lim itation imposed by the data base).

(5) The general PSM implementations are
capable of simula tin g the rada r
return as processed via any desi red
antenna to receiver to image system.

70



5— - -55-..-- . - - 5 - - 5-
~~

- -y,

(6) The general PSM implementations are
capable of producing a simulated radar
images por traying a desire d subse t
of the dynami c range of a scene .

(7) The general PSM simulation implementa-
tions should be specialized as much as
poss ib le for each un ique appl icat ion to
increase efficiency and to reduce costs.

6.2 Recommendations

The radar simulation project concluded and reported here represents a

significant advance In simulation technology for radars . Al though the work

completed has resulted in an advanced simulation methodology , add iti onal

work is contemplated for refining various aspects. Several recommendations

follow for this additional work and refinements.

6.2.1 Develop an Interactive Feature Extraction System

A major obstacle to increased use of radar image simulation is the

construction of data bases which are suitable for desired applications.

The ch ief pro blem encountered in cons truc ti ng da ta bases i s in fea ture

extraction . Feature extraction is the process of identifying the geometry

and category (i.e., electromagnetic refl ectance) properties of the scene

and transferring them to the data base. It is recommended that an inter-

active feature extraction system be developed . Potential benefits which

might accrue from such a system span many scientific disciplines . Obviously,

radar image simulation would be served . Not so obvious are the sciences

such as geology and geography which rely upon manual interpretation of

imagery for results . In addition, the general field of image processing

would be aided by development of an interactive capability such as the

system recommended. 

_ _ ___ 1_~~~~~~~~~~~~~~~ - . —  



____________ --

—-5 —~~~~~
-

~~
— - — -

~~~~-— -- -5--- - - 
- - -

Classical techniques for feature extraction are manual techniques .

Typically, a photo-interpreter scans the intelligence data and draws upon

h is interpre tation exper ience to decid e wha t informa ti on to trans fer

manua lly to the data base under construction. These decisions are made

with as few digital computer image enhancement techniques as possible.

This reticence to use available enhancement routines is caused , in part,

by the very nature of the automated routi nes . They are not generally

applicable to any but specific , well-structured, test cases . In addition ,

use of these techniques r equires tha t the i nterpre ter also be a computer

expert. Moreover , the interpreter loses control and visibility of what he

is trying to accomplish when he enters the computer world of automated land-

use classification , or pattern recognition, or region definition, or

etc. These reasons have serious ramifications for feature extraction , and ,

consequently, data base construction; they cost money. They cost money in

the sense that it takes a much longer time to extract the features for a

data base than might otherwise be necessary; data are manipulated by hand

and the best information may not be obtained .

Clearl y, a tremendous improvement of the product developed , resources

expended , and time required could be obtaine d if a wor kable marr iage between

computer and interpreter could be arranged. The computer is very good at

manipulating vast amounts of data in short periods of time ; the human is not.

The human is beyond comparison when it comes to drawing upon learning

experience to make decisions . The computer excels at clearly defined repeti-

tive tasks, at stat istical anal yses , at image enhancements . A cooperative

approach In which the human is used to make decisions and guide the process-

$ri g d irection of the sof tware , and the computer is used to manipulate the
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data rapidly and easily and to remove the drudge from the human would be

optimal--optima l in the sense of maximizing the return for resources expan-

ded and minimizing the time and effort. This cooperative approach is called

interactive feature extraction .

Interactive feature extraction requirements have been surveyed and a

design philosophy has been developed for constructing an interactive feature

extraction system. In this design philosophy, the computer is used to

display, enhance , man ipula te, and otherwise aid the interpreter as he per-

form s his function. And the human is used to make decisions and to guide the

computer in rea l-time as the programs run. Depending upon the level of

sophistication of the interactive software , and the computer and display

compl ex, tremendous sav ings of resources and improvements in eff ic iency and

quality of the finished product are visualized .

6.2.2 Develop Theoretica l Scattering Model s

The recommendation is made for conducting theoretical electromagnetic

scattering studies aimed at providing solutions to specific problems.

The increasing applications for radar image simulation require ever

larger catalogues of backscatter data. All radar image simulations must

use some model for the reflectivity properties (backscatter) of the objects

in the scene. These data are required by the simulation model to produce

the greyscale data in the simulated image. It is not reasonable to expect

to measure and record the backscatter data for all possible permutations

• and combinations of the variables : frequency, polarization , ca tegor ies ,

• seasonal changes, and etc. Theoretical models must be developed both to

extend and extrapolate the measured data to cases which have not been

measured , as well as to predict the scattering response theoretically.

73

~~~~~~~~~~~ 5- - - -



6.2.3 Compile a Comprehensive Listing of Snow and Ice Backscatter Data

A key component i n transforming the data base into a radar image has

been shown to be the backscatter data , the microwave ref lectivity model .

It is recommended that a comprehensive listing of snow and ice back-

scatter data be compiled . The result of this effort should Include both

empir ical backs catter data and theoretical models. This study woul d requ i re

a brief literature search to gather available empirical data and theoretical

backscatter models. The theoretical models should be evaluated to determine

their appl icability to the radar image simulation problem and they should be

examined to determine techniques to extend and extrapolate available empiri-

cal data across frequencies, polarizations , and depression angles .

6.2.4 Conduct an Empirical Backscatter Program

The question of whether an aseasonal radar simulation of target sites

such as Watertown , New York , can be applied to a summer guidance situation has

been addressed implicitly. The answer to this question Is no, probably, for

the choice radar frequency, polarization , etc. simulated In this project.

This question could alternately be answered by appeal to backscatter data

measurements. The Army Engineer Topographic Laboratories is currently

supporting the collection of snow backscatter data through the University

of Kansas Remote Sensing Laboratory. Also being investigated are snow

covered grass, concre te, asp hal t, and trees.

6.2.5 Perform a Sensitivity Analysis

The util ity and versa ti l ity of ra dar image simulation can be improved

and the cost reduced If the minimum level of detail required to be In the

data base for specific applications of radar image simulation can be deter-
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mined. As previously noted, the most expens ive part of the radar simulation

process is the building of the digital data base. If It can be determined

that , for a specific application, the level of detail In the data base can

be reduced , this translates directly into savings of time and money. It is

recommended that such an analysis be conducted for the appl ications of radar

image simu lation mos t often used, or for any projected high use application .

The radar image quality metrics being developed under contract to the

Army Research Ovvice represent a potential quantitative a—proach for accom-

plishing this objecti ve . They present a way to relate the “goodness”

criteria of an application to the simulation data base via predictive,

mathematica l expressions. A possible study format would be to produce a

sequence of simulated radar images having step-wise degraded parameters and

evaluating them as to their “goodness” for satisfying the application .

This predictive expression could then be used for defining the level of

detail required to be built into a data base for that application.

- _ _  - 
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APPE NDIX A

RA DAR REF LECTIVITY DATA
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APPENDIX B

DESCRIPT ION OF COMPUTER

ROUTINES FOR DATA BASE CONSTRUCTION

AND RADAR IMAGE SIMULATION
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Polar Conversion (Refer to Section 1.6.2 for motivation)

The fi rst step performed by the sequence of computer programs illus-

trated in Fi gure 3 is POLAR CONVERSION , the computer program for converting

the rectangular grid matrix of the ground truth data base into a polar

array which is compatible with the scanning format of the PPI radar being

modeled. POLAR CONVERSION actually consists of three (3) disti nct computer

programs, POLAR CREATE , POLAR ARRAY , and ARRAY FIX; copies of these pro-

grams are provided in Appendix C.

Three programs have been developed to perform the straight-forward

function of rectangular-to-polar coordinates conversion in order to minimi ze

the costs of performing it. The first program, POLAR CREATE, is a highly

computationa l program requiri ng minimal core storage. This program accepts

as input a ground truth data base stored on digital magnetic tape, computes

the polar add ress (r,e) of each point as it is read from tape, performs one-

dimens ional comp ress ion on the data and stores the data sequentially on

an intermediate magnetic tape. Compression arises from the fact that the

rectangular version (original vers ion) of the data base conta ins f iner

resolution and, cons equently, more sample points than are des i red i n the

polar data base. The number of elements desire d in the final polar data

base (calculated from the radar resolution parameters) is a control para-

meter input to the program and is used to quantize the polar conversion

calculat ions and, thus, produce a mechan i sm for compress ion.

The second p rogram, POLAR ARRAY , is a core-intensive but computation-
all y-minima l program. This program accepts as input the intermediate

magnetic tape output from POLAR CREATE , orders the data from the sequential

rectangular file to the correct polar array, and stores this on an inter-

mediate magnetic tape. Two-dimensional compression is performed by this
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program. This follows the s~iik~ philosophy as does the earlier compression.

The category data are compressed on a priority basis; the highest priority

category brought from the rectangular data base for each polar cell is

retained , the others deleted. Elevation data are averaged. The elevation

value stored in any polar cell is the average of the elevation of all the - 

-

rectangular points which were mapped into it.

The thi rd program, ARRAY FIX , was created to rectify the problem created

by the fact that the rectangular-to-polar-conversion mapping is less than

one-to-one in the center portion of the polar data base. This program inter-

rogates the nearest filled neighbor to determine the category and elevation

of a polar cel l found empty. Upon satisfactory operation of this program ,

the completed polar data base is stored on an intermediate magnetic tape.

In thi s way POLAR CONVERSION functions to convert a large rectangular

grid matrix data base into a smaller polar array data base for minimal

cost. Cost is minimized because the amount of core (a hi gh-cost component)

which must be used duri ng the computatlonally-intensive portions of the

operation is reduced to the bare-essential amount. The output of POLAR

CONVERSION is a computer-compatible magnetic tape containing the ground

truth data base arrayed in a polar format with the correct resolution to

support di rectly the REFERENCE SCENE programs , the next programs which

must be run.

Reference Scene (Refer to Section 1.6.2)

Reference to Figure 3 w ill s how the second step performed is REFERENCE

SCENE , the computer program which actually performs the simulation of the

gui dance radar system and forms the desired simulati ons of radar images .

REFERENCE SCENE actually consists of two (2) computer programs , POWER and

GREYTONE ; copies of these programs are provided in Appendix C.

-
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Two programs have been developed, instead of one, to minimi ze the

costs and improve the operationa l efficiency of running the programs many

times . The first program, POWER , is a computationally—intensive program
S requiring minima l core storage . This program accepts as input both the

polar ground truth data base on digital magnetic tape from program POLAR

CONVERS ION and the terra in bac ksca tter data i nput vi a a data statement,
calculates the average power exiti ng the receiver on a pixel-by-pixel

bas is for eac h pixel (pi cture element, previously called 1 point”) in the

final scene, and stores these data on an i nter im magnetic tape. POWER

recognizes each radial record i n the polar data base as the scan li ne

corresponding to the energy returned from one pulse of the radar , each

point in the record corres ponds to a resol ution element. The polar data

only contains a record for successive , independent scan lines (pulses).

The PRF (Pulse Repetition Frequency) of a radar system is normally

quite high with successive pulses producing a return having a large over-

lap with several preceding pulses. POWER calculates a new scan line (new

pulse) of data only for scan lines which are independent of one another

(they do not overlap each other), and calcula tes the dependency of over-

lapping pulses statistically. This Is done in order to minimi ze both the

size of the polar data base and the computational load (and, thus , cos t)

required to produce radar reference scenes.

Similarly, POWER recogni zes eac h point in a scan li ne from the pola r

data base as an independent resolution element in the radial direct ion,
and calcula tes the data rela ting each point on the ground to a pi xel in

the image. Dependency of overlapping samples in the radial direction is

statistically incorporated in the model.
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For each point in the data base (each resolution element on the ground),

POWER solves the geometry relating the position of the radar platform (three-

dimens iona l pos iti on) to the point and calcula tes the slope of the terra in,

and the angl e of inc idence and the range between p latform and po int. These

calcul ations are made sequentially for each point of each record as the tape
containing the polar ground-truth data base is read into the computer. Upon

determining these parameters for a point, POWER enters the main computational

algorithm of the program which calculates the average power exiting the

receiver from that point. This calculation of power uses the slope of the

ground (two-dimensiona l slope), the angle of incidence between radar and

ground (both normal and local angles), the range from platform to the point

on the ground being interrogated, the power pattern of the antenna, the cate-

gory identification from the polar data base, backscatter data from the a°

file (such as those discussed in Section 4), and the transmitter/receiver!
image model incorporated for the radar system whose response is being simu-

lated. All of these variables and parameters are combined appropriately

for calcula ting the estimate of power existing the radar receiver for each

point on the ground. In this way POWER calcul ates the average power exiting

the receiver on a pixel-by—pixel basis. The resultant data are stored on an

interim magnetic tape for further processing in later stages. The data are

ordered sequentially on this tape In the same form as the polar array in

which the polae radar data base was input.

The second program of REFERENCE SCENE was developed to incorporate

the spatial relationships between adjacent, independent cells decreed by

the antenna pattern, and to convert the resul tant es timates of power into
greytones. This program, GREYTON E, calculates the spatial rela tions hip s

between cells via an autocorrelatlon. The shape and length of the
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autocorrelation are input parameters. Upon completing the autocorrelation ,

GREYTON E conver ts the data , power, into dens ity values , greytones, quantizes

them into the desired number of bits , and biases the range to that des i red

for ul timate storage in a photograph.

The bias required to display a desired power range in an image is an

input parameter to GREYTONE. The desired mapping ratio of power exiti ng

the receiver into density in the photograph is also an input parameter;

the portion of the radar dynamic range desired to be mapped into the

dynamic range of the photograph (17—20 dB) is specified . Thus, upon speci-

fication of an autocorrela tion function sha pe and length, and quantizing

parameters (bias and mapping ratio, or ga in) GREYTONE operates on the power

map input via digita l magnetic tape from the previous program, POWER ,

producing the greytone map of the final image on a pixel-by-pixel basis.

The greytone data are stored on an intermediate digita l magnetic tape.

The stored data order is still the same as the input polar radar data base.

At this point the radar image simulation work is complete, but the

data are still stored in a polar array. The following program converts

these data from polar back to rectangular coordinates for compatibility

with either standard raster-scan format display devices for evaluation or

the Correla tron for tes ting purposes .

Rectangular Conversion (Refer to Section 1.6.2)

Reference to Figure 3 will show the thi rd step performed is RECTANGULAR

CONVERISON , the computer program which converts the simulated radar image

from a polar array to a rectangular grid matrix. RECTANGULAR CONVERSION

actually consists of two (2) computer programs, RECTANGULAR CREATE and

RECTANGULAR ARRAY; copies of these programs are provided In Appendix C.
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These two programs exist for the same purpose as POLAR CREATE and POLAR

ARRAY (see Section 1.6.2.1) and perform the i nverse operations of them.

RECTANGULAR CREATE requires input specification of the size of the rectangu-

lar grid desi red for the output data. The size of this grid is dependent

upon the purposes for which the data have been created. If the data have

been created for display and evaluation purposes, the size of the grid is

entirely determined by the size of the area to be viewed and the size limi -

tations of the display devi ce. If the data have been created for testing

on the Corre latron, the size of the output grid is specified to be 921 x

921 pixels. Upon specifi cation of the size of the output rectangular grid

matrix , RECTANGULAR CREATE calcula tes again the polar address (r,e) of each

point in the specified rectangular array and stores these data on an inter-
- 

I 

mediate magnetic tape.

RECTANGULAR ARRAY requi res input spec ificat ion of the data forma t of

the magnetic tape to be output. For display and evaluation purposes, the

format is defined to be raster format wi th the word length for the greytones

of each pixel , and whether a positive or a negative is desired to be speci-

fied . For testing on the Correlatron , the output format is defined to be:

9 track digital magnetic tape;
1600 bpi;
921 records;
921 pixels per record;
O corres pon ds to wh ite;
255 corresponds to black.

Upon s pec ifica tion of these inpu t parame ters , RECTANG ULAR ARRAY conver ts

the data output from RECTANGULAR CREATE into a completely specified rec-

tangular grid having the desired output format, and stores these data on

a digital magnetic tape.
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INITFIX (Refer to Section 3.4 for motivation)

INITFIX is the first in a series of computer programs used in the con-

struction of the digita l data base. The purpose of this program is to

“clean up” the input from the digitizers , elimi nate duplicate points , fill

in gaps between consecutive points , and veri fy the input. The input to

INITF IX i s a ser ies of lo gi cal recor ds , each representing a target. Each

logica l record for a target consists of a header record, a ser ies of x ,y

coordinates, and an end-of-target marker. The header record for each tar-

get contains the category and feature code for the target. The feature

code identifies the type of target: point , line, or closed boundary (area).

The x ,y coordinates define the location of the target wi th respect to the
coordinate system defined by the di giti zers. The end-of-target marker is

the coordinate (-1 ,-i).

Each input target is assigned a boundary number regardless of feature
S code. INITFIX consists of a major loop which processes one input tape each

ti me it is executed. Ins i de this loop is the “target” loop which processes

one target per i teration until the end of the current input tape. Inside

the “ targe t” look , there are two separate loops: the “point” loop which

processes a group of point targets, and the “area-line” loop w hi ch processes

area targe ts (close d boun dar ies) and l ine targets.

Whenever the current input tape reaches end-of-file unexpectedly, the

current target is finished up and an error message is printed. Whenever an

error messa ge i s pr inted , su brou tine UPDATERR i s calle d to save the error

type and the target in which it occurred. This is done so a sumary of all

errors encoun tered can be printed to a separa te fi le co de after all i nput

tapes have been processed. The reason for this is to facilitate the human

— verification of the program execution.

- 
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The output format for points and lines consists of a one-word record

containing the boundary number , followed by a series of two-word records,

each describing a point in the target. The fi rst word in these records

contains the x-coordinate of the point and the second word contains the y-

coordinate , the category, and the feature code (1 for points and 3 for

lines). The last two-word record in each series is (-1 ,-i).

The output format for areas is slightly different from that for points

and lines . The format consists of a three-word header record followed by a

series of two-word records. The header record contains the boundary number ,

category, and feature code. The first word in each two-word record contains

the x-coordlnate and the second word contains the y-.coordinate. As for points

and l ines , the last two—word record in each series contains (-1 ,-I).

Execution of the “target” loop begins with the input of the header

record for the next target. The category is tested for being the reference

point category. If so. subroutine SKIPDUMP is called to skip the points in

the target (these point~ were used to initialize the coord inate system

for the digitizing table). If the category is out of range or assigned

the “catch-all” ca tegory for areas w i thou t categor ies , an error messa ge

is printed . If the feature code is out of range, an error message i s
printed and the target is treated as being a set of point targets. Execu-

tion continues depending upon the feature code of the target.

If the feature code identifies the target as being a set of point tar-

gets, the program enters the “point” loop to process one target at a time

until the end-of-target record (-1 ,-i) is read . Before entering the loop ,

the counters for the number of Input points , duplicate points , and output

po ints are reset . In add iti on , the boundary number for the set of points
Is written to the point -line tape. Each pass through the “point” loop

performs the followi ng :

no 
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(1) .4 point is read and tested for being (-1 ,-i). If
it is , the program exits the “point” ioop .

(2) The point is converted to the proper scale and
the input counter is incremented . The range
of the point is veri fied and if out of range,
an error message is printed .

(3) The point is compared wi th the last input point.
If they are equal , the duplicate counter is
incremented while the “point” loop iterates
for the next point target.

(4) The point is saved for use in the next itera-
tion and is used to update the minima and
maxima variables for points and lines .

(5) The output counter is i ncremented , the point
is written in the point -line format to the
point—line tape, and the loop is executed
again.

Once the point (-1 ,-i) has been read, the program exits the “point” loop ,

writes the end-of-target marker to tape, prints the val ues of the three

counters , updates the overall counters , and returns to the top of the

“target” loop.

If the target is an area or a line , the program enters the ~area_line
I

l oop which processes one point of the target each time it is executed .

Before the loop begins , the minima and maxima variables for areas are reset

and the counters for the number of input points , duplicate points , output

points , points filled in , and calls to the subroutine to fill in miss ing

points are cleared . The first point of the target is read , converted to the

proper scale , and saved for later processing . If the input point is (-1 ,-I),

then the “target” loop starts again. Otherwise , the boundary number is

written to the point -line tape if the target is a line , or the boundary

number , category, and feature code are written to the area tape if the tar-

II
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get is an area. Next the “area-line” loop begins and these actions are

taken:

(1) The next point is read and a test is made for end-of-
target. If it is the end of the target, then the
l oop is exited ; otherwise the point is sca led and the
input counter is incremented .

(2) The range of the point is verified and compared with
the previous input point . If the point is out of
range, an error message is printed. If the point is
a duplicate , the duplicate counter is incremented
and control returns to the top of the “area-line ”
loop for the next point.

(3) The previous point is written to the appropriate
tape and the output counter is incremented. If the
previous point is not adjacent to the current point ,
then subroutine CONNECT is called to fill in the
missing points .

(4) The point is saved for the next time through and
used to update the area minima and maxima variables
if the target is an area, or the point -line minima
and maxima variables if the target is a line.
Control then returns to the top of the loop to
process the next point in the target.

Once the end-of-target has been read , the loop is exited and if the first

and last points are not identi cal , the last point is written to the appro-

priate tape. If the first and last points are not adjacent and the target

is an area , then CONNECT is called to fill in the missing points . Next

the end—of-target record is written to tape and the overall minima and maxima

variables are updated . Before returning to the top of the “target” loop ,

the counters and minima and maxima variables are pri nted and the overall

counters are incremented.

The target loop continues until the end of the current input tape.

If there are more i nput tapes, the “tape” l oop begins again and the next

input tape is processed. Once all of the i nput tapes have been processed,

~~12
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the overall totals are printed along with the overall minima and maxima and

a summa ry of a ll er rors encoun tered.

AREAFIX (Refer to Sec tion 3.4)
AREAFIX is the second program used in the construction of digita l data

bases . The i nput to AREAFIX i s the output from INITFIX for area targets.

The pu rpose of this program is to elimi nate single points that are tangent

to an area target, elimi nate vertical segments in the target, and classify

all remaining points as being a “top 1’ or a “bottom”. A point may be labeled

as such by examini ng the points immediately preceding and following the

points to be classified. Four decision matrices were developed to correctly

classify the point using the change in x and y coordinates between the three

points . The algorithm assumes that the area targets were digitized clock-

wise and generates the exact opposite classification if the area were di gi-

tized counterclockwise. For example, consider an area that forms a perfect

square . All the points in the bottom row would be classified as “bottoms ”

while all the points in the top row would be classifi ed as “tops”. All

poi nts in the two side columns , except for the endpoints , woul d be di sca rded .

Thus , for each x-coordinate of the area, there are “bottom” and “top”

y-coordinates that define the range of the area in that x-coordinate.

Clearly, there is no need for vertical segments since the two endpoints

of the segment define it. Inherent in this concept is the need for the

elimi nation of single points tangent to the area. These points , if not

discarded , would result in an x-coordinate with only one y-coordinate .

This is undesirable as the range of the closed boundary , wi th respect to

an x—coordinate , i s dependen t upon pai rs of “bot toms ” and “tops” for that
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x-coordinate . The output from AREAF IX for one target consists of a one

word header record containing the boundary number followed by a series of

two-word records trailed by (-1 ,-i). The first word of each two-word record

contains the boundary number and the x-coordinate . The second word con-

tains : 1 bit used to indicate “top” or “bot tom” , the y-coordinate, the

category, and two bits for the feature code (always a 2 for areas).

The mai nli ne cons ists of an ou ter l oo p that processes one area target
at a time. There is an inner loop that processes all the points in one

area , other than the first and last , by making calls to the sub-routi ne
ASSIGN . ASSIGN determines the labe l for one point and outputs it to tape

in the prescribed format. If a point is labeled to be discarded , it simply

is not written to tape.

The outer loop iterates until all a reas have been processed . This loop ,

the “area ” loop , performs these tasks :

(1) The category, feature code , and boun dary number
(ass igned by INITFIX) are inpu t from tape and
printed .

(2) The fi rs t two po i nts of the closed boun dary are
input and the first is saved to be processed after
the last point in the area. If either point is the
end-of-target marker , an error messa ge is pr inted
and the “area ” loop starts again. Both points are
used to update the minimum and max imum var iab les
and the boundary number is written to tape. The
positional differences between the first and
second points are saved to be used when the fi rst
point is processed.

(3) The coun ter for dup licate po ints i s cleare d and
the i nner “point” loop is executed . Upon exit
from the “point” loop, all po i nts of the curren t
area , except the first and last, have been pro-
cessed.
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(4) The last arid first points are processed and the
end-of-target marker is written to tape.

• (5) The results of the processing are exam ined and
pr inted. If fewer than four po ints were Input,
or the number of “tops” and “bot toms ” were not
equa l , then an error message is printed . The
number of tops , bottoms, and discarded poi nts
are printed along with the number of duplicate
points and the total number of output points is
incremented . Before looping back for the next
area , the array to count the classifications
is cleared.

The inner loop classifi es each point of the area target (except the first

and last) one at a time in the following fashion:

(1) The next point is read and compared with the
mos t recen t po int read. If equal , the dupli-
ca te coun ter i s incremen ted an d the inner
loop repeats. If’ the point is the end-of-

- - target marker , then control exits the “point”
loop to classify the first and last points .

(2) The point is used to update the minimum and
maximum variables and ASSIGN is called to
classify the point.

(3) The program loops back to process the next
point.

The ASSIGN subroutine executes sequentially with no loops. The variable

parameters that are passed to the subroutine incl ude: the current point,

the positional differences between it and the preceding point , and the

positiona l differences between it and the next point. First a check is

made to insure there are no gaps between the current point and the preced-

ing and following points . The point is classified according to the posi-

tiona l differences that are passed to the subroutine. If the point is not

labeled “discard” , it is output in the aforementioned format. Before return-

ing to the mainline , the coordinates of the point are incremented to yield
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the next point and the variables for positiona l differences between the

current and last points are given the values of the positional differences

between the current point and the next point. This is done in anticipation

of the next call to the subroutine which will process the next poi nt. In

addition , the counter for the classification of the point just processed

is incremented prior to termination of the subroutine.

Once the las t area has been processed , the program exits the “area ”

loop to finish up. The minimum and maximum x-coordinates are printed

along wi th the total number of points output and a summary of all errors

encountered.

COUNT AND SORT (See Section 3.4)

The next step in the construction 0f the digital data base is broken

into two programs for more efficient resource useage.

The first program, COUNT, has as input the output from AREAFIX. COUNT

— 
uses one array to count the number of points having the same x-coordinate.

For this reason , the array must be dimensioned at least as large as the
domain of the input coordinates. COUNT consists of one main loop to process

al l  input points . There is an isomorphic mapping from the domain of the

input points to the elements of the array. The program requires that the

array have at least twenty more elements than the domain in case there is an

error in the minimum and maximum values passed to it. The program has the

capabilities of deleting entire targets (as some are mistakenly digitized

twice) and has an array containing the boundary numbers of the targets to be

deleted. The output from COUNT is all done via a subroutine in order to buffer

the output to decrease the execution time of the next program , SORT .
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The mai n loo p reads in the boun dary num ber and determ i nes if it i s

a bounda ry to be deleted . If so, it enters an inner loo p w hi ch reads

points until (-1 ,-i) is encountered at which point ‘It returns to the top

of the main loop. If the target is not to be deleted , the x-coordinate

is unpacked and the correspondi ng element of the counti ng array (referred

to as x-bins) is incremented and the i npu t pai r are written to tape. Execu-

tion returns to the top of the loop and the program loops until the end

of input. Once all the input has been processed, the resu l ts of the coun t
are wri tten to a file and the program terminates.

The second program in this step is SORT. SORT sorts the output points

from COUNT according to their x-coordinates . Because of memory limi tations ,

the pro gram mus t make several passes throu gh t he input to sor t it all. It
is for this reason that the number of points in each x-bin must be known

prior to sorting. (This is accomplished by COUNT). The program uses three

arrays: a large two-dimensional array to hold the sorted data pairs, an

array of pointers to the sorting array for all x-bi ns to be sorted in this

pass , and an array of flags reflecting whether or not the next point in the

corresponding x—bin will start a new target. Similar to COUNT there is a

monomorphic mapping from x-coordinates (to be sorted in the current pass)

to the elements of the second two arrays.

The program cons i sts of an outer loop wh i ch performs one “pass ” through

the input , and two consecutive Inner loops. The first inner loop determi r~~
whi ch x-bins are to be sorted in the current pass and the second inner loop

sorts all input points that fall in the domain of the current pass. The

program passes through the data unti l all the input has been sorted or the

number of passes exceeds a user set variable. 
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Befo re the outer loop begins , the expected minimum and maximum x-coord i-

nates are read from tape and printed. The outer loop first determines the

starting x-coordinate for the current pass and enters the first inner loop.

Th is loop reads the x-bin counts from a file and uses the counts to fill the

second array with pointers . The second array then contains indices to the
start of x-bins in the sorting array. It continues until the number of points in

the next x-bin will not fit into the unallocated portion of the sorting array.

The file is backspaced so the next pass can start wi th the proper x-bin count.

The sorting array is then zeroed out and the input is rewound . Information con-

cerning the current pass is printed out to paper and the second inner loop begins.

This loop processes one two-word record in each iteration. First it reads the

data pair and extracts the x-coordinate from the first word. If it is -1 , then

the end of a tar get has been encoun tered and all elements of the flag array
are set to indicate  “new target” and the loop continues to read the next

data pair. If the x-coordlnate is not -1, then it is tested for being wi thin

the domain of t he current pass. If so , the index into the sor ting array is

obtained -From the pointer array using the x-coordinate . Before storing

the two words into the sorting array, the Indexed element is verified as

being zero. If not, an error occurred in the allocation of the array so

an error message is printed and execution halts. If the current contents

are zero , then the correspondi ng entry in the flag array is tes ted. If non-
-~~~ zero , then th i s i s the first point of the target in this x— bin so the las t

two bi ts in the second data word are set to zero and the flag entry is reset .

Finall y, the two data words are stored in the sorting array and the index is

incremented and restored to the pointer array. Upon exit from this loop

(end-of-file) the contents of the sorted array are written to tape. For

each x-bir, sorted in the current pass, one variable sized record of all data
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• 

- 

-55- -- -~~ - -~~~~~~~~~ - - ‘~~~~~~~~~~
------.-

~~~~~~~~~ 

-5 ~~
___4_ -



- -  - -

pai rs in that x-bin preceded by a one-word record containing the x-bin is

output to tape. Fi nally, the starting val ues for the next pass are calcu-

late d and execu tion returns to t he top of the main loo p for the nex t pass .

The program loops unti l the entire domain of the input has been sorted.

BUILD (See Sec tion 3.4 for moti va tion )

At this point in the construction of the data base, the digitized

data has been converted Into a series of x-bins . Each x-bin is comprised

of two records , the first record being one word containing the number of

points in the x-bin , and the secon d, variable in length , con ta ins two
words of information for each point. Thus, the input x-bins to BUILD

are of the following form:

nl:(yl,bl),. . ,(ynl,bnl):n2,(yl,bl),. .. ,(yn2,bn2);...

whe re

colon ( : )  = represen ts a recor d mark ;

y = is one wor d w ith the follow ing informa tion
packed into It: the y-coordinate, the
category, the feature code , and one bit for
the top/bottom classification. The bit
used is the left-most bit , the sign bit ,
and is set (=1) if the point is a top and
cleared (=0) if it is a bottom.

b = is one wor d con tain ing the boun dary number
ass igned by INITFIX.

The output from BUILD is again a two— record x-bin , but it is in a compact,

ordered format. The first record is one word containing the number of war ~
in the second record. Each three consecutive words in the second record

constitutes one descriptor group for a boundary. The first word in a

descriptor group contains the starting y—coordinate for the next area. The
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second word contains the starting y-coordinate for the next area . The

third word contains the category packed in the upper half and the boundary

number packed into the lower half of the word.

BUILD f i rs t reads the beginning and ending x-coordinates from the

input tape and writes the total number of columns (end is -1, begin is +1)

to the output tape . The program enters the major loop , which processes

one bin per iteration, and inputs the number of points in the next x-bin.

Next all the two-word point descriptors ‘~~
-‘

~~ ‘~‘ad into a two-dimensiona l

array and the x-bin number and number of po r1~s are printed. The program

enters an inner loop which processes one area in the x-bin during each

iteration. Subroutine SORT is called which sorts the points of the next

boundary in ascending order of y-coordinates . SORT stores the sorted points

into the Y array and fills in the TYPE array with the top/bottom classifi-

cation of the corresponding points in the Y array. Presumably the TYPE

array shoul d con tain:

bottom, top, bottom, top , bottom, top, . . ., bottom, top

so the inner loop enters a deeper loop which attempts to match bottoms and

tops in the V array . Unfortunately, because of the slightest digitization

error , the points don ’t always match up as expected . Because of this , the

deepest loop (which processes one bottom-top pair per pass), tr ies to
account for some errors. The user can control the amount of leeway given

in error con di t ions , but an error message is always printed. Each time a

bottom-top match is made, a three-word descriptor group Is created and the

innermost loop reiterates. Once the current boundary of the x-bin is pro-

cessed, the Innermost loop terminates and the Inner loop reiterates to

process the next boundary in the x-bin. Once the entire x-bin Is processed,
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the inner loop ends and all descriptor records created for this x-bin are

outpu t to tape as one record . The record is preceded by a one word record

containing the total number of words in the descriptor-group record. The

major loop then repeats to process the next x-bin.

The SORT su brou tine per forms severa l tasks :

(1) It is capable of deleting entire areas. If an area
is to be deleted , SORT l oops through the points in
the area unti l it finds the first point in the next
boundary not to be deleted or until it has searched
through all remaining points . If the next boundary
is not foun d, the subroutine returns wi th the para-
meters altered to reflect this condition.

(2) SORT is capable of reversing tops and bottons in a
boundary. Sometimes it is the case that an area
was digit ized counterc lockw ise. When this happens ,
all of the top-bottom classifications assigned by
AREAFIX are exactly opposite . If the current area
in the x-bin is one to be reversed, the values for
top and bottom whi ch are stored in the TYPE array
are swapped. Th is , in effect, reverses a l l  of the
classifications assigned by AREAFIX.

(3) SORT sorts the current boundary in ascending order
of its y-coordinates. A dduble sort is used with
the sor ted array being res tored into the i nput
array. If two points have the same y-coordina te,
and they have different classifi cations, then the
bottom is stored before the top .

(4) SORT fills up the V and TYPE arrays by l ooping
through the sorted boundary in the input array.
Each pass of this loop extracts the y-coordinate
and type from the input array and stores them into
the Y and TYPE arrays respectively. Finally,

F SORT returns to the ma inl i ne with the parameters
updated for the processing of the area.

CATEGORY AND CULTURAL MERGE (See Section 3.5 for motivation)

The first program of the sequence , CATEGORY and CULTURA L MERGE, d i f f e r s

markedly in purpose from the other two programs for it requires that cate-

gory information actually be changed. For this reason, the program i s

~ 1 121 
____ 

4
- __ _-____ -__ _ _ _ _-_._._,_•t - - -——---- 5— — -—-----5-—-—— — -5 5—-5—- ———— — ------ 5-———.

L _ _ _ _  
- 

S - - -- -- - - -
-5- - - - - - - - 5- - - -—--- 5— - — - - - -. - - -5-- ~~~~~~~ —5-- -5-

~~~~
”-



-5 -”---- - - -  T T  ‘
~~~~

‘
~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~- z~
-
~~~~~~~~~

’-”

ac tua l ly  a modifi ed version of MERGE . While MERGE started the processing

of each record with an empty work array, the modified MERGE first reads in

a record of the already completed category data base into this work array ,

and then proceeds to process the data for the citi es. This effectively

causes the completed city data base to overwri te the old category data

with the new city data . The processing of the city data is altered from

the normal MERGE algorithm so that where MERGE would attempt to fill in

gaps between digitized areas whose boundari es do not exactly coincide ,

the modi fied MERGE ignores these gaps, and hence , leaves the original cate-
gory data where there is not any city data. After the processing of each

record of city data is completed, the program checks the linear and point

target input , to determ ine If a record should contain any roads , railroads ,

or houses in it , and if it should , these categories are used to overwri te

whatever category is at the designated coordinate in the work array. The

work array is then output to tape as a record of the new data base. The

cultural data base is given full priority over the category data base , so

that it replaces whatever category mioht be found in the category data base.

Th i s i nsures that the l inear tar gets contain no breaks , that all  of the -

point tar gets ar e represented in the data base , and that the cities are

accurately represented in the new data base. Therefore, the output from

this program is an accurate merging of the category and cultural da4 bases.

Thi s new data base is then used as the input to the nex t program ADD

SNOW , which converts the field numbers to category numbers , and which adds

the snow data base. The reassignment is necessary for several reasons.

First, the fields in the category data base were given numbers which not

only reflect the category, but which also allowed easy identification of

individual fields , enabl ing easier correction during the construction of

the category data base. Further , the simulation package uses the category
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numbers as indices on arrays , and hence , the category numbers should be

sequential , starting from one for the greatest efficiency . Finally, as

will be explained l ater, small i ntegers were preferred as indicative of

category for ease of packi ng data into computer words. The translation

of categories is accomplished by taki ng each point and using it as an i ndex

on a conversion array which contains the new category to be ass igned .

Therefore , the program reads in a record of the combined category and cul-

tural data base, and sends each point in the array through the conversion

array. Now it is necessary to add the snow data in such a way as to allow

the simulation package easy access to either the category or the snow data.

Thi s i s accomp l ished , along with a sav ings in space , by packi ng the snow

and category informa tion into a s ingle wor d . The snow data base categor i es
can un iquel y be packed In to three bit s , while the reassigned categories can

be packed into five bits . Therefore after the record of the category data

bas e has had its po ints reass igned , the corresponding record of the snow
data base is read, and each point in it is assi gned the correct three bit

code which is actually the old value divided by ten. The new snow value

is then shifted left six bits and added to the reassigned category value ,

and restored in the record. After the whole record is processed, the recor d

is written to tape. This tape, then contains the combined category, cul tural ,

and snow data bases .

The las t p rogram , ADD ELEVATION , requires a complete elevation data

base for the scene and data base produced by the second program be input.

For each point of category data , the appropriate elevation data is shifted

l eft 18 bits , and then added to the category data . After all the points

in a record have been processed , the record is then output to tape. This 



__________________________ 

:~~~‘ 
_________________________

is the final tape containi ng the compl ete data base in rectangular coordi-

nates with each word containing the elevation , snow depth , and category type

for the ground spot it represents.
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C I ~J 1111 Is T H ~ F IR ~ 1 1 r~ A S E  I E ~) I P R O C  k A~~5 U S~ ~ T J  C ~ E A r E
C C A T E .U R Y  u — T A  bA ~~ES . I N P U F  J~. T HI~ ,~k O G R A ~ I s  A S E R I E D  O F  T~~O
C ~~) R D  - EC ~.:F l L S ,  1 1 . i I D E u  I N T O  LO~~1 C A L  GPOUi- S (VA lUAbLE IN S IZE ) .

5 C E \ C H L 1 b 1 C ~-L ~~ OUe-~ C A ~ DE S C R I u E  A LLO S~~D ôJU;~o A K Y ,  A LINt , O~7 C A S~~T oF S I NGLE t”,IN lS. T H E  F I T ~ S 1 R E C O k D  01 E A C H  L~~G 1 C A L  -~~ JuP
8 C C~~NTA 1t. S T HE C A T~~~OR Y ( FI R S T  w O k U  IN R E C O k ~- ) AND THE F L A T J R E

C CoDE (sECO ~.D ~o R ) I~ REe 0~~o). Ik E FE ~~Tu RE C O D E  IUE N T I ~~ I E ~ r~~F

~1 t  C L U C I C A L  ~ k UU P A~ d E I I ~(~ A rj OIJ ,\ 1) A R Y ,  L I N~~, OR SET OF POINTS. Th~
i i C C A T E C ~URY I . VAL UE A S S I G N E D  3Y T H E  ~)I~~I T I L E R S  (O P T I O N A L L Y  J J 1 5 t E )
12  C T O  I D E ~-~1 I F Y  T Il E th~U N D A~~Y, LI t~E ,  u~ SET OF POINTS. THE LAST R E L O R D
1 ~ C I~ EAC H L O O I C A L  C ’ROUP C O N T A I f ~S T~~J W O R DS , EA C ~ i W I T H  T~lE V A L U E  OF
1 4 C N E G A T i V E  O.’~E 

(— 1)• b E T ~~EEr~ ThE F I ~~S T At ~D L A S T  R E C O R D  I N  EA C H
l~~ C L )G ICAL GROUP IS A SE i~ I E S  O F T~~O ~UR (~ R E C O R D S  EAC ti R E P R E S E N T I~JG
1 5 C A S I N ~~LE PO INT . THE F I R S T  W O R D OF Td E R E C C ~~D IS THE X — C O U R D I N A T E
1 7 C A N U  T H E ~ ECUi ’~~ ~ C l~D C I  T H E  N E C U R I )  IS IH E ~— C O O R D 1 N A T E .
18 C

I(~’ P L I C I T  I~~TEC1 k (A—Y)

‘0 L O I j I C A L  DUM P NoeL ~’r, S ’~ j T C r i X Y
21 C

2 5  C
£?~
. C C0~~4 ON Ot C L A R A T I O ~i~~, D E F I N I T I O N S ,  A~~D D E S C R I P T I O N S

2 5  C
26 C
27  C O M t ~CN / U S E R V A k S /  S W I T C H X Y ,  L S C A L E ,  C A T i ~ A~~, R E F P T C A T ,  N O C A T
23 D A T A  S . ~IT C H X Y ,  Z S C A L E  / • t R U E . ,  10 .3 3 3  /

C SW I T C H X Y  — I t i lS  IS A LU~, 1 C A L V A < I A L I L E  T H A T  :~j s i  JE S E T  c~Y
3d C T H E  USE I. . IF IT IS S iT  (. T R U E . ) ,  TH EN T~IE

C X A N U  V C O O R L . I N A T E S  A R E  S~~I 1 C H EU A F T E R  I N P UT .
3 2  C L . G .  IF ( 10 0 , 3 ) )  IS  rIl E ~O I N T  T H A T  IS R E A D  A~a
33  C S~~I 1 C H X Y  IS S E T ,  T H E ,’~ THE PO I N T  IS P R O C E S E D  AS
34 C E E I N G  ( 3 5 , 1 0 0) .  -

55 C L S C A L E  — T l l I~~ V A I dA J L E M U S T  ~~~ S E T  t h Y  T H E  U S E R  A~~L) IS  - J S E D
3~ C TO S C A L E  A L L  ~ ,Y CJ UF~O I NA T E S .
3 7  C C A T ~~A X  — T H E  ~ AX U’ U1’~ V A L U c  •~ A T ~~3J r ~” C A ~ I dE ~ IT r l J U T
3 D  C C A US I N ( .~ TH E P R u a RA i ~1 T O  I S S U E  A 4 A r < N I ’ J G  M E S S A G E .
39 C R E F P T C A T  — C A T E U O H Y  U E S l G 1 ~ - T E D  8Y THE Oi..~I T I L E R S  FOR R E F E R E N C E  P01
‘.1) C ~Jrl E :~I S E T T I N ~ Ui-’ THE 3 I G I T I L E R .
41 C iOLAI — C A T E G U k ’v A S S IG N E D  JY IFIt OI.~ I T I l E R S  TO TA R i t T S  THAT ~ E R
4 2  C N O T  G I V E N  A C A T L ~~fl-~Y

C
~4 • . C
45 COr~~u ’4 /T~~TA LS/ SI. LPTS , uuPL PTS , PTS EAD, PT~~0 U T
‘.~~ D A T A  SI’- G L P T S ,  DUPLPTS, PI SREA O, FISOUI / 4~~cj /

- 
‘.7 C S I r ~C L P T S  — ThE TOTAL N u M bER S1.~~ LE F’OINl S (FEATURE C U D E  IS
4~ C P T )  T F ~A T  AR E O U T P U T .
- . C -OUP LPTS — THE T O 1A L  NU~~ E R  OF D U P L I C A T E  P O I N T S  REA L ),

C R E G A R D L E S S  OF  T H E  F~~A R U k E  C O D E .
5 1  C PT S h E A D  — I I-, C TOl  AL  I’:U,~U E R OF  P.) LN1 S 1 ~-:A T H A V E  BEE N R E A D ,

C R E U A H L I L E S S  OF T H C  F E M T U R E  C O D E .
C P T 5 ~~t~I 

— T H E  T O T A L  NU~~dE R O F  P O I N T S  W R I T T N TO T A P E
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4 C
5 C

C uc r~O~ / S  T A T  S / X r•:Ax , X M I N ,  V M A X ,  Y M I  N
7 D A T A  X M A X ,  Y M 4 X ,  X N L N ,  Y M I N  I 2~~O. Z* l C t h 0 0 0  /
8 C X M A X  — T H E M A X I M U M  X — C O O R & I N A T E  OF F E A T U R E  C O D E S  A R E A  AND L IN E
‘i C — T H E ~ iL i~~u~ X — C U O R D I~~A T E  u F  F E A T U R E C O D E S  A R E A  A ND LINE

C Y i-1A X — T I l E ~iA X It~U~1 V — C O O R D i N A T E  OF F E A T U R E C O D E  S A R E A  A Nt) L INE
1 C YMI N — T H E MI ~ IMUN Y — C O O R D  I N A T E  O F  F E A T U R E  C O D E S  A R E A  A Nt) L INE
2 C
1 -

-5

4 CO i~1M O:J , p T S T  A T S /  X M A X P T ,  X M I N P T ,  W A i - P T ,  Y , M I N P  F
D A T A  X M A X P T .  Y M A X P T ,  X MINPT ,  Y 4 I ~JPT 1 2~~0,  2 * 10 0 0 0 0/

6 C X . I A X P T  — T H E  M A X I M U M  Y — C O O R D I r ~A 1 E OF F E A T U R E  C O D E  P T .
7 C X M I N P I  — T H E  ~~~~~~~~~ X — C O O R D I N A T E  CF F E A T U R E  C O D E  PT .
8 C YM. ’t X P T  — T H E  I MX I I U M  Y — C O O R J )I N A T E  (iF F E A T U R E  C O D E  PT .
9 C Y M I N P T  — TIl E M I NI ILJ M V — C O O R D I N A T E  OF F E A 1 U R E  C O D E  P T .
3 C
1 C
2 COMMON /C N C T S T A T /  TC ON CT R ,TCO ~JPT 0,i~A X C O NC T ,CON PT ,CONCTR
3 DATA TC UN C TR, TCON PTS, M A X C O N C T  / 2*0, 2 0 0  /

4 C T C O r I C T R  — THE T O T A L  NUM BER OF C A L L S  TO S U B R O U T I N E  “ C O N N E C T ”
S C T C O N P T S  — T H E  T O T A L  NU MB ER OF i-’O1i~TS  G E N E R A T E D  BY S U d R O U T I N E
6 C “CONNECT”
7 C M A X C O N C T  — THE IS V A R I A B L E  MUS T ~iE S E T  B Y  T H E  U S E R  A N D IS U S E D

‘8 C AS TH E M A X I M U M  NUMB E R OF P O I N T S  T H A T  C A N  BE G E N E R A T E D
9 C BY A N Y  ONE C A L L  TO S U B R O U T I N E  C O N N E C T  W I T H O U T  I S S U I N G
0 C — - A~ ERRO R MESSA GE.
1 C
2 C

- 3  C O c ~MON / 1 1 1  INPUT . TO FINP UT , EN U M A R K
4 O A T A  INPoT , T O T I N P I J T ,  E N D l l A R P ~ / 7, 1, — 1  /
S C IIJPUT — F I L E  D E S I G N A T O R  OF CU R~~E NT I N P U T  F I L E
6 C THE FILE D E S I G N A T O R  OF THE F I R S T  INPUT FILE M UST = 7
7 C TOT IN PJT — T O T A L  NUM BER OF INPU T FILES . MUST bE SET ~ Y USER !
8 C E N O M A R K  — V A L U E  USED TO MARK THE EN D OF A B O U N D A R Y  ( USUALLY —1 )
9 C

- 0  C
1 COMM ON / E R R O R S / E R R L I S T  (4,19), ERR IOUN T
2 D A T A  ( E R F L I S T  (1,1), 1=1,4) / 4 * 3  /
3 C E R R L I S T  — EACH OF THE FOUR RO4S OF T I-sIS T W O — D I M E N S i O N A L  A~lRA Y  IS
4 C - 

IS USED T O  K E E P  T R A C K  O F A D I F F E R E N T  T Y P E  OF E R R O R .
5 C C O L U M N S  2 — 1  ~ OF EAC H RO 4  C O N T A I N  THE “UN I -.~U E ”  N UMB E RS
6 C OF T A R G E T S  IN W H I C H  A N E R R O R  W A S  E N C O U N T E R E D .  ‘ O L U M N
7 C OF E A C H  ROW C O N T A I N S  A N  I N U E X  TO T H E  N E X T  A V A I L A B L E  w O R D

C IN T H A T  R O W .  ONC E T H E  R~~W IS F I L L E D,  IT IS W R I T T E N  10
9 C R E P O R T  C O D E  52 ( C I A  “P R I N T ”) ALO NG ~.ITH A N A P P R O P R I A T E
0 C M E S S A G E .  HERE A R E  T H E 4 T Y P E S  OF E R R O R S  R E M E M 3 E ~~E D :

C RO W 1: SUBROUTINE “CON NECT” G E N E R A T E D  M ORE T H A N
2 C “MA X C O N C I ”  POINTS wH EN CO N N E C T IN ~, TWO POII:TS.

L 

~ C RO ’.~ 2: C A T E G O R Y  ERR. )RS
4 C ROW 3: F E A T U R E  CODE E R R O R S
5 C ROW 4: ERR O R S  W I t H  X,Y C O O R D I N A T E S
6 C
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137  C
C

1 )) DA T A  LIN E , A R E A ,  p r , A R E A T A P E ,  PT L I N T A P /  1, 2, 3, 1, 2/
l ii C A R E A  — F~~A T U R~ C OA L FOR CLOSE U 000NDA R IES
li i  C L IN E — F E A T U R E  COOE FOR LIN E T A R G C T S
M2 C PT — F E A T U R E  C O D E  FOR POINT T A R G E T S

C A H E A I A P E  — OU T PUT F ILE  D E S I G N A T O R  F O R  A R E A  T E R G E T S
114 C P T L I N T A P  — O U T P U T  F ILE  D E S I G N A T O R  FOR PO I N T  A N D  L INE T A R G E T S
1•15  C
111, C
1 1 7  D A T A  S TRT UN IQ, DUMP, NO DUM P / 1, .TRUE ., .~~A L S E . /
1 18 C STRTUN IQ — THIS VA R I A B L E  MUST JE SET RY THE USER! TO AID IN
119 C L A T E R  PROCESSING, EACH LOGICAL GROUP IS ASSIGNED A
12’) C A UN IQUE NUMBER (“UN IQ UE ”). “STRTUN I Q” DEF INES THE
121  C I N I T I A L  V A L U E  OF “UNI~~UE” F O R  T H I S  RUN OF THE
122  C P R O G R A M . T H I S  IS N E C E S S A R Y  TO i N S U R E  THE U N I Q U E N E S S
1 2 3  C OF THE “UNIQU E” S ~ HEN T H I S  P R O G R A M  IS RUN MORE
1’4 C T H A N  O N C E  FOR A S I N G L E  D A T A  B A S E .
125 C
126  W R I T E ( 6 , 1 )  ‘H E S U L T S’
1 2 7  PR I N T 1 , ’ E R R O R S ’
123 CALL w R I T E R  (AHEATAPE ,2 ,SW ITCHXY ,Et. DMA RK)
129 IF (.NOT. Sw IT C H X Y )  ~ O TO - 10
130 W R I 1 E (G,3)
131 P R I N T  3
1 32  C
133 10 UNIQUE = S 1 R T U N J U  — 1
1.34 C
135  C
136 C T H I S  IS T H E  TOP OF THE LOOP THAT PROCESSES ALL OF THE INPUT TAPES
1

-5
37  C

13~ 100 UNIQUE UNIQ UE + 1
— 139 C

140 C GET CATEGOR Y AND FEATURE CODE. “G E T C A T ”  R E T U R N S  C O N T R O L  TO S T A T E M E N T
141 C L A B ELLE D “3(iO” U P O N  E O F  O F  A L L  I N P U T  F I L E S
142 C
1~~~ C A L L  G E T C A T  ( U N I Q U E , C A T G O R Y , F T C D , $ 3 0 0 )
1 4 4  C
145 C READ THE FIRST (X,Y) PAIR . IF THERE ARE NO POINTS FOR THIS BOUNDAR

C (I.E. (—1,— i )  ~.A S READ ) OR EOF WAS ENCOUNTERED, CONTROL IS RETURNED
1 4 7  C FROM “GETXY ” TO THE ST A T E M E N T  LAUELLED “200” TO OUTPUT A W A R N I N G .

C
1 4 9  CALL G E 1 X Y  (X ,Y,ZSCALE,~~20O ,b2OO )
151) C
1 5 1 C W A I T E  B O U N D A K Y  H E A D E R  RECO RD TO TAi ’E

I F (FTC O .E U . A R E A ) CALL W R I T E R  (A REATAPE ,3 ,UN IWUE,CAT GORY ,FTCD )
153 IF (FTC D .NE . AR E A )  CALL W R I T E R  (PTL INTAP,3 ,UN IQUE ,CAI GORV ,FTCO )

C
1•5% IF ( F T C D  . EQ .  P T )
iSo CALL POINT ( UNIQUE,X ,Y ,ZSCALE ,PTLINTAP ,$300 )
1 5 7  I F C F T C D  . EQ .  L I N E)
1 S-~ ~ CALL A R E A L  INE (uNIQUE,X,Y ,Z SCALE ,PTLLN TAP ,S3C0 )
1S~ I F ( F T C D  .EQ.  A R E A )
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~ C A L L  A R EA Lj N L ( ( j t ~,I Q 1j [ , X, Y , ,~S C A L E , A R E A 1 A P E , $ 3 O O )
GOTO 100

16~ C
c

13. 4 C COME H E R E  ~ HEN T H E  E N D I N G  D E L I M I T E R  ( — 1 , — i )  (S  R E A D  AS THE F IRST
C POINT OF A N Y KIND OF UQUN D A R Y
C

16 7 200  W R I T E ( 6 , 2 0 1 )
C A L L U P D A T E F~R ( 4, I jNIQIJ E, NO O U M P)

I~~9 G O T O  100
17U C W H E N  ALL PR OC E S S ING IS DONE , WR I T E  O oF THE TOTALS. - -

1 7 1  C
172 300 wRITE (6 ,302 )  PTSOUT —

7 3  WR1TE (o,303) DUPLPTS
/ 4  w RI TE ( 6 , 3 0 4 )  X M A X , X ’lIN ,YMAX ,YM IN —

75 WRITE(6,305) TCON CTR , TCONPTS
wRITL(6,306) SINGLPTS

77 WRITE (O,307 ) XM INP I, XMAXPT, YML ~~PT. YMAXPT
78 00 310 1 = 1,4
79 310 CALL J P O A T E R R  (1, 0, OU~.P)
LOOP I N D E X  I MAY NOT BE R E D E F I N E D  IN CAL L OR A B N O R M A L  FUN CTION
31) WR L T E (~~,3Ob ) ER RCO U N T
81 IF (ERRCOUNI .E1.. 0) PRINT 3u9
82 C
B-

1 C
84 STO P
85  1 FO P~~AT (‘1 ‘ / I /5 9X , ’I N I I F I X ’/59X,i~13///)
8 6 0 F O R M A T  ( 1X , 4 Q ( ’ * ’) , ’ t~Q T E :  X & Y V A L U E S  W I L L  BE S W I T C H E t i ’,40(’*’))
37 201 FO RM AT C’ * * * * *  THIS B O U N D A R Y  H A D  t~O P O i N T S  ** R ** ’)

~02 F O R I M A T (  ‘ I O T A L  1 OF P T S  ~ R I T T E Aa To TAPE ‘,IS )
89 303  F O R M A T ( ’ T O l A L  A OF D U P L I C A T E  P T S  = 1 ,15)
90 304 FORM AT (’t’~A X A N D  MIN PTS OF ALL PTS W R I T T E N  TO TAPE = ‘,4(I1O,1X) )
91 305 FOR f r A T (’ T O T A L  ~ OF C O N N E C T S  ~~ ,11U, ’ &‘,IlU, ’ TOTAL # P15 CN TE D’ )
92 306 FORM A T ( ’TO T A L  ~ OF INDIVIDUAL POINT TARGETS ‘.IlO )
93 307 F Q R I . A T  ( 1 5X , ’ L I N E  AND P O I N T  T A R G E T S ’ , lOX , ’X MIN X M A X  ‘,

— 94 ‘YM IN YMAX’/ 45X,4 18 )
5 303 F O R M A T  (///1X,I1Q , ’ ERRORS WERE EN C O U N T E R E O  IN THIS i~U~~’)

3fJ~ F O R M A T  ( 1X , ’ * * * * *  NO E R R O R S  U I S C U V E R E D  .**** ‘)

97 EN D

12.
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U—  79 20.769 a * * * * * * * POINT IA R ET PROCESSING * * * * * ~ r * * LA

1 C POINT * * * a * * * * POINT TAR c3E T PROCESSING * * * * * * * * *
2 C
3 SUBROUT INE POINT (U,~ IQUE ,TEM PX ,TEMPY ,ZSCALE ,TA PEOUT, *)
4 C
S IM P L I C I T  I N T E G E R  ( A — fl
0 C

COMMON u N  / INPUT ,TOT INPOT,ENDMA RK
3 COMMON /TOTA LS/ SINGLPTS , DUPLPTS, PTSR EA DI PTSOUI

COMMON /PTSTAT / XMAX , X iIJN , YMAX, YMIN
10 C
11 C POINT T A R G E T  I N I T iA L I ZA T IO N S
12 S IN G LC T R 0
13 D U P C T I  = 0
14 - R E A D P T  1
iS C
16 C
17 C T H I S  IS THE TOP OF THE LOOP W H I C H  P R O C E S S E S  P O I NT  T A R G E T S
1~s C C O N T R O L  C A N  E X I T  T H I S  LOOP O N L Y  V I A  A N A L T E R N A T E  R E T U R N  FR OM THE
19 C S U B R O U T I N E  “ G E T X Y ”. UPON E N D — O F — F I L E ,  CONTROL IS RET URNE D TO THE
20 C S T A T E M E N T  L A B E L L E D  “340” . W H E N  A ( — 1 , — i )  IS R E A D  BY “ G E T X Y ” ,
21 C C O N T R O L  IS R E T U R N E D  TO THE S T A T E M E N T  L A B E L L E D  ~~3 5 01~.
2 ?  300 CALL u~~TXY ( X, Y, Z S C A L E ,  $340 ,  $ 350 )
23 R E A D P T  = R E A D P T  + 1 -

24 C
25 C OMI T D U P L I C A T E  P O I N T S .
26 IF (TEMPX .NE. X .CR. TEMPY .~~t. Y )  0010 330
2 ?  D U P C T R  = D U P C T R  + 1
2~3 GO TO 300

C
• 30  C

31 C U P D A T E  ~1I IN AND M A X  X V A L U E S  FOR S INGLE P O I N T S
3? C
33 330 IF (X .01 . X M A X ) X M A X  X
34 Ii- (Y .G~ • Y N A X ) Y M A X  = V
35 I F  C X  •L T . XMI N ) XMIN = X
36 IF (Y •LT . YM I N )  YMI N = Y

‘ 37 C
38 S 1NG LCT R = S INGLCT R + 1
39 CALL W R I T E R  (TAPEOtJT,2,TEM PX ,TEMPY )
40 C
41 TEM PX = X
42 TEM PY = Y
43 GOTO 300
44 C
4~ C T H E  INPUT FILE HAS REACHED THE END (EOF) BEFORE THE ENDING D E L I M I T E R
.46 C W A S  R E A D .  O U T P U T  A M E S S A G E  A ND C L O S E  UP T H I S  L I S T  O F PO I N T S .
-.7 C -

c i  340 WR I TE (6,341)TEMPX,TEMPY
341 FO R M A T (//, ’<*>< *>< *> EOF I3EFORE L )ELIYI TER ON POINTS’ )

51) CALL UP DA TE RR (4,Ui-IIQUE,N000MP )
51 C

C 1’-~E ENDING D E L I M E T E R  — 1 , — i  IS W R I T T E N  TO T A P E .
53 C

129 
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?1 7:)~~769 ~ * * * * * * POI N T T A R u E T  PROCE SS ING * * * * * ~ * * * L A B

3~~u C A L L  .~RI~~Ek C T A P E 0 U T , 2 , T E M P X , T ~~ 1 P Y )
55  C A L L  J R I r E K  C 1APEQUT,2,E MAH K,~~N D M A R K )

C ‘ I
S I NGLPT S = SINGL PTS + S INOLC IR
P~~S0Lj T P T S O I J T + S I P 4 G L C T R

S? P T S R E A D  PTSREA ) + READ ?T
C

51 ~ R 1T E (o ,~~5 - 1 ) S 1 N G L C T k , D U P C T R
351 F O R M A T (/,10X,j6, ’ SINGLE POIN TS ‘ ,Ió, ’ DUPLIC A TES’ )

R E T U R N
64

13~D
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3—79 20.769 LA

1 C
2 C

C
4 C * * * * * * * PROCE SSIN G FOR LINE A NI~ A R E A  TARGETS * * * * * * * *

C A 1 ~EA L IN E  A R E A L I N E PROCESS AR E A S  AND LINES
a C

.7  SUBRO LJ T I •~E A R E A L I N E  (UINIQUE ,TE1IPX ,TEM PY,ZSCALE ,FILECD ,*)
B IM PLICIT I N T E G E R  (A—Y )
9 COMMO N I IN I INPUT,TOTII UT,END,4AR~
ii COM MO~4 / T O T A L S /  S i N G L PT S ~~D U P L P T S , P T S R E A D , P T S O U T
11 COMMON ISTATS / T X M A X , T X M I N , TY M A X , T Y M IN
12 COM M ON / CN C T S T A T /  TCON C TR ,T CCiNP TS,MA XCQN C T, CONPT.CO N C TR
13 DATA PTL INE / 21
14 R E A D P T  = 1
15 TAP ECTR C)
16 DIJPCTR 0
17  C O N P T  = 0
13 C O N C T R  = (1
19 C O N A R E A  = T C O N P T S

23 X M A X  = 0
21 XM1N = 1U0000
22 Y M A X  = 0
23 YI1 IN = 11)0000
24 C
25 C SAVE THE S T A R T I N G  POINT
26 XSTR =TEM PX
27 Y S T R  = T E M P Y
.28 C
29 C LOOP TO R EAD IN X,Y COORD INATES AND PROCESS THIS AR E A  OR LINE

1 30 C

~3i 510 CALL GETXY (X,Y,LSCALE,$550,$540)
32 REA D PT = R E A D P T  + 1
33 C

r C CHECK TO SEE IF DUPLICATE POINTS . IF SO SKIP IT AND R E A D
35 C IN A N O T H E R P O I NT .
36 C
3? IF (TEMPX .1-JE . X .OR . TEMPY .NE. Y )GO TO 530 -

36 DUPCTR = DUPCTk + 1
39 GO TO 513
40  C
41 C C H E C K  THE A B S O L U T E  D I F F E R E N C E  3E TW EE N X AND V TO SEE IF
4 ? C A GAP IS P R E S E N T . IF SO C A L L  C O N N E C T  SUB W H I C H  F I X E S  THE
4 3  C A R E A  AS LONG AS THE GAP IS N O T  OV E R  10 P T S .  IF O V E R  10 P15.
64 C AN ERRO R M E S S A G E  iS W R I T T E N  OUT . T H i S  HELPS D E C i D E  W H E T H E R
45’ C THE END DEL IMETE R S WERE FORGOTTEN.
.66 C
4? 530 CALL W R I T E R  (FILECD ,2 ,TEM PX,TEMPY )
.3 TAPEC IR = 1A P L C T R  +1

IF (IA BS (X— TEM PX ) .GT . 1 .OR. IA US (Y—TEMPY) .GT. 1)CALL
50 ~. COtINECT (TEM PX ,TEMPY ,X ,Y ,FILEC D )
51 T E M P X  = X
52 TEF .iPY = V

C

- 

- 

- 
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I
~U - 7~ 20.?o9 LAB

5) C C A L C U L A T E S  T UE ~W’~UMUN AND M A X [ M U M  PT S .  OF X AND Y.
55 C
57  I F (TE ~~P X  .CT . XM A X )XMAX = T E M P X

IF (T EMP X .L1 . XN1N )X 1lIi ~ T EM PX
IF (TEMP Y .GT. Y 1A X ) Y M A X  = TE .IPY

c-U IF (TEM PY .L1 . YMIN )YM IN = TEM PY
( -1  0010 510

C ...~ D OF F ILE WA S EN COU N TERED Ut’. T~~~ I r-J PUT TA PE u E F O R E  THE E NDING
C DE L I r~IT E R (—1, —i ) WAS READ. OUT PUT A M ESSAGE AND CLOS E UP THE
C O U P U T  S T k ~~N G
C

— 540 WRITE (6, 41) TEMPX ,TEMPY
541 FORI’iAT (//, ’<*>< *>< *> EOF ~ EF U RE O E L I M I T E R  ~Th A R E A ’ )

CALL UP DATE RR (4,BNUCTR ,NODUNP )
R E T U R N  1

7 i  C
71 C
7-? C THE TRAILE R F U I N T  (—1 , —i ) HAS J E E R  R C A D .  E X E C U T I O N  CO NT INJES HERE
73 C TO FIN ISH UP THIS A R E A OR LI NE
74 C
15 550 IF (XSTR •INE. T E M P X  _ O R . YS IR .NE. T E M P Y ) ~o io 563
76 D U P C F R  = D U P C T R  + 1
77 GOTO 5o0
78 C
79 C THE FIN A L  POINT AND THE ST A R T i NG POIN T A R E  D I F F E R E N T  SO W RITE THE
80 C F I N A L  POINT C TEM PX , TEM PY ) TO TAPE

C
8? 560 (ALL W PIIER(FILELD ,2 ,TEMPX,T Ei4PY )

~3 T A P E C T~S = TAPE CTR + 1
84 IF (FILECD .EQ . PTLINE ) 0010 580
B-S IF (IAuS (T EM PX—XSTR) .LE. 1 .AND . 1A d S (TEMP Y— YST R ) .LE. 1)

• 85 ~ 0010 550
• 37 CALL CON N ECT (TEM PX ,TEtIP Y ,XSTR ,YST R ,FILEC D )

IF (IABS (TEM P X — X STR ) .G T . MA X C O N C T . OR . I A a S CT EM P Y — Y S T R ) .~,T.~~A x C O N C T )
39 ~

, W R I T E C 6 , 5 6 1 )IA E S (T E M P X— X S T R ),I A G S ( TE M P Y— Y S T R )
561 FOR~~AT C ’ (*> *> *> START A N D END P~~INTS ARE FAR APA R T ’ ,218)

9 1 C
r,~7 C THIS A R E A  (OR LINE ) IS FINISHE D . .~RI T E  THE T R A I L E R  X,Y (—1,— i ) TO
93 C TA PE A r-.!D UP (ATE OUTPUT TOTALS FO R THIS AREA OR LINE
-~6 550 CALL .-iRI TE i~ (FILECD ,2,EN ~)MA RK ,E14Di~A R K )
95 CO N A R E A  = TCON PTS — C O N A R E A

T A P E C T R = F A P E C T R  + C O N A R E A
9? C

C W R I T E  OUT A L L  T h E  S T A T I S T I C S  FOR E A C H  R E C O R D .
99 C

ioa IF (TA PEC IR .oT. 2) 6010 590
id W R IT~~(6,581 ) TAP ECTR
‘02 S-i l FORMA T (’<*><*><* > ONLY TWO INPUT PoINI S FOR T~1IS AREA’ )
103 CALL UPDATE RR (4,U.JIQUE,NQDUMP )

~~J 6 5~~~~~~ W RITE (6,591 )X STR ,YSTR ,TEMP X ,IEM PY
5~~1 FOkt ’~A T C 2 5 x , ’S t A R T  CX, Y ) PT = ‘,2L3,1UX , ’Er4 0 (X,Y) PT = ‘,218)

I J~ ~R 1 T E ( ,5 92 )REA DPT,TAPEC TR

132  

—- - --- - - ---- -——— 
- 

. -~
-
~-~~•~•

‘1- -t

hi’— - -

~~
- - -  

~~~~~~~~~~~~~~~~~~~~~

- 
~~-.v :: - - - -

~~



-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~
- -- -

~~~~
-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

- ‘u—i? 20.?o-~ I

13 7  592 FOkNAT( 25X , ’~ OF P15 READ IN ‘,jd,lUX ,
108 & ‘

~~ Q e  ri ~ ~.R I T T E N  TO TA PE ‘ ,IB)
~ U ?  wc ~ ITE (o,593 ) 1)UPCTR ,CONC IR,Cu~~A R E A
H) 593 FOkt1 Ar (2 5x .~~ OF DUPLICATES = ‘,16,lOx, CAL LS TO CO NN EC T = ‘,

111 6 l5~~’ ~J I T H  ‘,I6,’ POINTS CON N ECTED ’ )
11? W R ITE (6,594 )XMIN,XMAX,YM IN,YMAX
1 1 3  594 FQRMAT (2 5X , ’ Mi I N AND MAX FOR X = ‘,2I6,1OX , ’FOR Y ‘,2I~~)
1 1 4  C
115  C C A L C U L A T i N G  THE TOTA L ’S OF A LL S T A T IC IS T I C S .
116 C
1 1 7  PTSOU T = PTSOUT + TAPECTR
118 DUPLPTS = DUPLPTS + DUPCTR
119 TCONC TR = 1 CONCIR + CONCIR
123 PTSREA D = PTSREAD + READ PT
121 IF (FILECD .1W. PTLINE ) RETUR N
122 IF (Xr ’IAX •GT .T X M A X )T X M A X  XM A X
123 IF (XMIN .LT . t X ~’1N )TXMIN X41 N
1 2 4  [F(YMAX .GT . T Y M A X )T Y M A X  = Y . I A X

— 1 2 5  I F C Y M I N  •L T . T Y ~~IN )TYM IN YMIN
126 RETURN
127 END
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‘ 0 — 7 )  2 3 . 7 1 0  C U r~ N E C T

1 C C N C T  C 0 ~ N E C I
SJ ~~R O U T J - ~ E C ORN ECT ( 0 ) ~, O Y.~~X , u Y , F C )

C

~~‘ P L 1 C lT  I F ~ TE ~~ER A — L )
) R E A L  X , Y , X i ~~R C 1 ~~,Y D 1 R C T N , * S C A L L , Y 5 C A L t

C
7 C O. ’li’tUi-J / C r . C T S I A T /  T C O N C T R , T C O N P 1 S , M M X C O ~~L T , C 0 N P T , C 0 N C 1 R
3 C

CO J k-’T = L

1 0 C O F J C T  ~=C c ~~C T k + l
11 C
12 AX IA b S (U X — ~~X)
13 AV = 1AuS (UY— ~ IY)
14 I F (A X  .E.. C •OR . AY .E~~. 3)  u 3T 0  1110
15 ~)fR c r N  = 1 .

IF (Ox .GT. r4X ) X O L R C T N  = 1 .
1 7 YL)I RC IN 1 .
18 IF C O Y  •~~T . N Y ) Y U 1 R C T N  = — 1 .
19 C

C SET “XSCAL E” , “YSCA L E ”, “COU N T” F iR ~hE UPCOM ING LOOP
21 C
22 IF (A X — A Y )  10,100,20
2 3  1~) CUU .~ T = AX 

—

X S C A L E  X D I R C T ~a
Y S C A LE = Y D I R C T N  * F L o A r C ~~Y ) / FLO A I (A X )
G u T O  30

27 20 CoUNT AY
Y S C A L E  Y D I R C T N

2? X S C A L E  = X D I R C~~N * FLOA T (A X ) / F L O A 1 ( A Y )
30 C
31 C LOOP TO CON~JEC I THE TWO P01 NT S oSI~~G SUBROUTI NE “ PAT C 1 I ”
3? C
33 30 S F A R 1 X  = OX
34 STAP .TY = C V
35 x = FL 3A T (OX )
36 V = F L O A T ( O Y )
37 DO 40 1 1,COUNT —1

X = X + X S C A L E
39 Y = V + Y S C A L E
40 IF (I .EW. 1) G O  TO 31
41 CALL w~~ITEr i (Fc ,?,sTAR Tx ,srA ~~Ty)
42 CONPT = CONPI + 1
43 C
44 31 CALL P 4 T C h (S T A R T X , S TA R T Y , 1 F IX (X ) , 1 F IX C ~~),FC)
45 STP•t~TX = I F IX ( X )4 6 S T A R T Y  = IF IX (Y)
47 43 CONTH-IU E

C
IF (STA R TX .EQ . t’~X .AND . S T A R T Y  .Et.~. ~-~~)GO TO 41

SC CA LL Wt~ITER (FC,2 ,STAR TX ,STAR TY )
CON -’T CON PT + 1

DR 41 CALL ~- - A 1 C H ($TA RTX ,STAR TY,NX .NY,FC )
53 ~O T O  200

134
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~u— 79 20.?73 C 0 N N E C I

54 C
55 100 CALL PATCH(OX,OY ,NX .NY,FC )
56 C
57  200  TCONPTS = TCCIN PTS + CONPT
58 IF (CON PT .LT . MAX C O r M C T) RETU RN
59 W RITE (a ,20 3)  OX. t X ,  O Y .  NY,  FC ,  CO N PT
60 C A L L  U P D A T E R R  C l ,  ~NDRY , NUDUMP )
61 RETURN
62 C
63 233 F O R M A T  (‘***** TOO MANY CONNE CTS STARTX STOPX STA R T Y  ‘

,

& ‘ STOPY F I L E C O  CONNECTS’/24X,618//)
65 E N D

~ O— 7? 20.770 S r~ I P & 0 U N P SKIP AN D DUMP OUT CATEGOR Y 1000

1 C S KA P  S K I P ~ D U M P SKIP A N D DUMP OUT CATEGORY 1000
2 SU~~RO U T I~~ SKIPDUI”P (BOUNDRY ,INPJT ,OUMP ,CATGORY )
3 C.
l I~lPL IC I T  INTE GER (A— Z)
5 L O G I C A L  DU NE ’
6 COMMON /JS~~RVA R S / SWI TCHXY ,LSCA LE
7 C
& C
9 PR INT  1000, 0 0 0 N D R Y .  C A T G O R Y

10 IF (DUMP) PR iNT 1001
11 10 CALL G ET X Y (X,Y,ZSCALE,$1O1,~~1O 1 )
12  IF (DoP~P) PRINT 1002, X, V

.13 IF (X .NE . —1 ) 6010 10
14 101 R E T U R N
is c

‘1, 1000 FORVA T C ’ **** dC.a.J NOARY’.I3,’ wAS IGNO RED . CATEGORY WAS’ .IB)
17 10111 FORMAT (5x, ’THE FOLLOw ING PAIRS OF POINTS M ERE IGNOR ED’ )
16 1002 FORMAT (5X,1S, ’,’.I~~)
19 END

135

- - -5- - —-~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-‘

~ ~~~
- -

~~~~~~ -- - — - —
~~~~~

-
~~ 

- -—-5 -5—- -5 --
~~ 

—— -
~~~

-
~~~~~~~~~

- -
~~~ 

— 
—

~~~~~~~~



___________________________________________________________ —- —-- - - - ~~~~ — — — ~~~~~~~~~~--- ~~~~~~ - -

) j _ 7 9  20.7 7 0  P A I C H F I L L  IN o A P S  iEt ~. E E N  2 P O 1 N T ~ U

1 C P A T ~~U P A 1 1. H F ILL IN ~,A P S  -J E I A L E N  2 P O I N FS
2 C
5 S U b k U I J T I N E  P A T C H  ( X ? , Y 2 , X , Y , F I L t C L , )

C
S I~’ P L I C I T  I N T E G E R ( A — Y )
S C0M~~ON / LNCT s TAT / 1C 0 I C  1k, TC 014 r’T 5, IiAX C ONC T ,CONPT ,i. 0 N C  F R
7 C

C “CONCT t~” IS A COUNTER THAT COt J NI S tHE NUH’J ER OF C A L L S  TO CONNECT .
C “ C O ’~PT” IS A C O U N T E R  THAT COUN TS THE N UMP ER OF POINTS - E R A T E D

1 3  C A N D  O U T P u T  t~Y E A C H  C A L L  TO C O N N E C T .
11 C “ - lAX C O N C T ”  IS A L IM IT V A R I  ABL E TH AT COt~TRC LS 1 10w LAR G E “CON PT”
12 C C .~tJ GROW U N T I L A W A R N I N G  M E SSAG E 15 Ou TPUT .
1 5 C “TCONPTS ” IS A C O U N T E R  THAT COUNTS tHE T C T A L ~u frb ER OF POINTS
14 C OUTPUT FROM AL C A L L S  TO CONNECT .
15 C
i
~ 

C
17  C C O I P U T E  TIl E A U S O LUTE D I F F E R E N C E  U E T W E E N  THE TW O X AND V VALUES.
16 C
19 A X - I A u S  (X2— X)
20 A Y I A U S ( Y 2 — Y )
21 IF (AX . L I . 2 • A ND.  A Y  • LI. 2) RE T U N N
2 ?  IF (X .GT. x2 )X C H A N G E = 1
23  I F C  X .LT . X2 ) X C H A N G E = — 1
2 4  I F ( V .61. Y2 )YCHA NG E 1

f 25 IF(Y .LT. Y2 )YCHAN C jE=— 1
26 6010 110
2 7  C
26 C C ONNECT WORKS ~Y M O D I F Y IN G  POINT (X2,~~�). F IRS 1 IT MAKES
29 C A X = A Y  (IE, II M A K E S  THE A b S O L O TE E  D I F F E R E N C E  8ETWE CN THE
30 C POINT S IN THE X— AND V — D I R E C T  IOr~ T i -fE SAME) , AN D Th EN IT
31 C T R A V E R S E S  THE O I A G O N A L  (IE, D E C R E M E N T S  dOTH ~ 2 AND Y2 ~~Y

32 C 1 UNTIL (X2,Y2) = CX .Y)).
33 C
34 100 CALL W R I T E R  (FILECU.2,X2 ,Y2)
35 C O N P T  = C O N P T  + 1

C
37 C RECO1F’UTE “A X ” AND  “A Y ”.
30 C
39 110 AX = I A B S ( X 2 — X )
4 0 AY = I A L ~S (Y2—Y )
41 C
42 IF (AX .LE.1 .AND. AY.LE . 1 )GOTO 250
43 C
4 4  C

t 4 5  I F C A X — A Y ) l o O , 2 2 2 , 1 5 0
4 ’~ C
‘+ 7 C T v-s E CIIANG E IN X IS G.~ EA T E U  THAN I :~ y

C 5~ 4O D I F Y  O N L Y  X POSITION
C
150  x - 2 X2 + X C IIA N GE

51 G O T O  1OC
3? C
53 C C H A N G E  IN Y G R E A T E R  T H A N  IN X

-
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e J — ? 9  20.770 P A T C H FILL IN GAPS 8ETW E EN 2 POIN IS

S6 C SO M U DIFI ONL Y V POSIT IO~-
3 5  C

lo G Y2 = Y2 + YC MANGE
5 7  GOTi )  100
5(3 C
59 C

C
61 C D I F F E R E N C E  IS SAME IN X A N D V .  CH AI ~6E 00TH DIRECTIONS.
62 C I.E. T R A V E R S E  THE D I A G O NA L .
o3 C
64 222 x2 = X 2  + X CH A N G E
o5 Y 2  Y 2  + Y C H A N G E
6o IF (X2 .EG. X )GOTO 250
67 CALL W R IT E R (FILECD,2,X2,Y2 )
63 CONE ’T = CON PT + 1
b9 GO TO 222
70 C
71 C COME HERE W HEr~ DONE CONNECTIN G TWO POINTS .
72 C
73 2 ,0 RET URN
74 END
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2 0 — 7 ’ )  20. 7 7 1

1 S U 8 RO J T I I . E  U P D A T E R R  ( T Y P E ,  ~ N D R Y ,  D UMP )
2 I~’PLIC 1T I N T E G E R  (A— i )
3 LO GI C A L  D UMP
4 COt1i’ION IE~~k u P s /  ERRL IS1 (4,19), KCOU N T

UA I/~ C N C T ,CA T S , FT C D , PN T S / 1,2,3,4 /
C

7 C
S C • J P D A I E T H E  EkH OR A R R A Y  AND ITS POJt ~T E~c. IF THE A R R A Y  IS FULL DUMP

C OUT TO F I L E  C O D E  52
10 C
11 C I F  A DUM P IS ALL THAT IS DES Ii<~~D, S KIP THIS SECTION
12 C
13 P T R  E R l ~LI S T ( T Y P E , 1 )
16 IF CDUi ’ lP)  G O T U  200
15 E R R C O U N T  E R R C O U N T  + 1
16 C
17 C M A K E  S U R t  LA C I I  P~~O~~L EI4 bO UN D~~Y Is S A V E D  O N L Y  ONCE
18 C
19 IF (E RR L IST (TVP E, PTR— 1 ) .E~~. ONU RY ) RETU RN
20 E R H L I S T ( T Y P E . P T R )  = E-3N 1) RY
21 E R R L I S T C T Y P E . l  ) = ERRL IST (TYP E,1 ) * 1
22 IF (PTR .NE. 19) RETURN
23 C
24 C THE ERROR A R R A Y  IS FULL. SO oU~~P I T  OUT

C
26 200 IF (PTR .E0 . 2 )  RET URN
2 7  IF ( T Y P E  .Et ~ . C N C T )  P R I N T  ~0U
2 3  IF ( t Y P E  .EQ . C A T S )  P R I N T  901
2 ?  IF ( T Y P E  .EU. F T C D )  P R I N T  932
31) IF (TYPE .E~~. PNTS ) PRINT 903
31 S T O P  = 19
3? I F  ( DU~~P )  S T O P  = P T R  — 1
33 P R I N T  10 g  C E R R L I S T ( T Y P E , I ) ,  I = 2,STOP)
34 ERRL IST(TYPE,1 ) = 2
35 RE TURN

C

37 10 F~)RPAT ( 13 (1x, [ô) )
3~ 903 F O R M A T  (1X , ’I** ** TOO MANY C O N J E C T S  O C C U R R E D  IN THESE dOUND RIES’)
39 901 F O R M A T  ( 1X , ’ * * * * *  C A T E G O R Y  E R R O R S  O C C u R R E D  IN T H E S E  ~ 0 UN D.~ I E S ’ )
40 ‘10-? FOR MAT (1X, ’ * * * **  F E A T U R E  C uoE E R R O R S  O C C U R R E D  IN T H E S E  3 0 0 N D R I E S ’ )
41 903  F O R N A r ( 1 X , ’ * * * * *  ~ A D  X . Y  V A L U E S  ~ E W E  D E T E C T E D  IN T H E S E  ~ O U N D R I E S ’ )
4 - 2 L~~D

L 

_______  
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~u 7 )  20.171 1 C A T R E A D  THE N E X T  C A T E ~~O U Y  AND F E A T U R E  C O D E  L

1 C u E I C A I R E A D  TH E N E X T  C A T E ~~~ RY A N D  F E A T U R E  C O D E
2 C
3 C
4 C G E T C A T  R E A D S  THE C A T E G O R Y  “C A T G O R Y ” A N D  T HE F E A T U R E  C O D E  “ F T C D ”
5 C FROM “ I N P U T ”  FOR BO U N D A R Y  NUM b ER “UNIQ UE ”. UPON R E A C H I N G  E N D — O F — F I L E
6 C ON “INPUT”. CO~~TROL IS RETURNED h A  THE A L T E R N A T E  RETURN .
7 C
8 SUbROUTI N E G E T C A T  (UN IQUE,CAT GORY ,FTCD , *)
9 IM P L I C I T  INTEGER (A—Y)

10 L O G I C A L  OUMP .NODU I-1 P
11 COMMO N / IN / I N P U T ,T O T I N P U T , E N O . IA R K
12 DATA tJNK ’.Q W N , C A T M A X ,R E F P T C A T  / 9999, 9999, 1000 /
13 DA T A  DUM P .NODuMP / .T R I JE . .  .F A L ~;E. /
1 6 100 CALL G E T X Y (C A T G O R Y , F T C O , 1 .,~b8OO,~~-’00)
15 IF (CAT GOR Y .NE. REFPTCAT ) GOTO 1 1C
16 CALL S( IPDUMP (UNIQUE ,INPUT ,N000MP,CA TGORY )
17 UN IW UE = UNIuUE + 1

18 G O T O  110
19 110 CON T i N U E
20 C
21 C THiS SECTiON IS FOR CHANGING C A T E G O R I E S
22 C E .G.
23 C I F  (C A T G O R Y  .EQ . 9999) C A T G O R Y  = 1234
24 C
25 W R I T E ( 6 , 1 1 1 )  C A T G O R Y . U N I Q U E , F T C D
26 C
27  C “UN K NOWN ” iS  A C A T C H — A L L  C A T E G O R Y  A S S I G N E D  t3Y THE D I G I T I Z E R S  WHEN
28 C A d O U N D A R Y  NOT G I V E N  A C A T E G O R Y  IS E N C O U N T E R E D
29 IF (CATGOR Y .NE. UNKNOWN ) GOTO 120
30 wR ITE (O ,112 ) CA T G O R Y
31 CALL  U P D A T E R R  (2 , UNIQUE, NODU~lP)
32 C

$ 33 C “ C A T M A X ” IS THE MAXIM UM VALUE A C A T E G O R Y  M AY BE. ZERO IS ASSUMED I
34 C uE THE M i N I M U M .

H ~ 5 120 IF ( C A T G O R Y  .LE.  C A T M A X . AND.  C A T G O R Y  .GE . 0) GO b 130
36 w R I T E ( 6 , 1 2 1 )  C A T G O R Y
37 CALL  U P O A T E R R  (2 ,  UNIQUE, NUD UMP)
3 3  C
39 C THE F E A T U R E  C O D E  MUST bE:
40 C 1 — POINT TARGET

- - 41 C 2 — LINE T A R G E T
42  C 3 — C L O S E D  b O U N D A R Y
4 3  130 I F ( F T C D  .GE .  1 .AND.  F T C D  .LE. 3) (JOTO 140
4 4  W R I T E ( o , 1 3 1 )  F I C O
45 CALL UP OATER R (3. UN1~~UE, NODUM P )
46 140 RETUR N
47 C
4 ’~ C * * ~ E 0 F OW “INPUT”
4 9  200 R E T U R N  1 -

C -

5 1 C INPUT IS —1, — i  I N S T E A D  OF A C A T E G O R Y  A N D  FC
52 C
53 300 WRITE (6,dO 1)
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~O—?9 20.77 1 1 C A I R E A D  THE N E X T  C A T E G O R Y  AN D FEATURE CODE L

54 ~ U1 FORMAT (’<*> ~~*>< *> UN EX P E CTE IJ (—1,— i ) FOUND ’)
R E T U R N  1

C
57 1 1 1  FOR MAT (/’ CA T E G O R Y  ‘,I6,5X,’UNI..thE ‘,18,

~ SX , ’F EA T U R E  CODE = ‘,lS )
112  FO RM AT (’ ******UNK N OWN CA T E U J R Y ****** ’, IS )

63 121  F - O R M A T ( ’  * * * * * * * ~~A D C A T E u O R Y * * * * * * * * * * ’, Id)
ól 131 FOHMAT (’ ******BAO FE A T U R E  COD E ** ** *** ’,Ib)
62  END

13-31—77 **5~~4 J * *

sEC ) .32 LI N ES/MI N UTE 11302

NO D I A G N O S T I C S  IN A B O V E  C C M P I L A T I O N
WERE USE D FOR THIS COMI-’ ILAT ION
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? u — / - ,. 20. 7 7 1

1 SUbK O U T I ’ ~.E G E T X Y  ( X , Y , 4 S C A L E , *,*)
2 I%IPL IC IT INTE G ER (A—Y)
3 COt1 M ON / IN / INPUT,TOTINPU T ,ENDMARK
4 D I M E N S I O N  IN (2,150)
S DA 1A PTK.E~U F S I Z / 1,154.) /
6 D A T A  L A S T F C  / U /
7 C

IF C L A S TEC .Eti . 0) LAST F C  = INPUT
- 

9 IF ( LAS T F C  .NE . INPUT ) GOTO 8-JO
10 IF ( PTR .EQ . 1 ) READ (INPUT ,~~ND -?0C ) Iii
11 X = 1N(1,PTR)
12 Y = IN(2,PTR)
13 P T R  = PT R + 1
14 IF ( PTR .GT. BUFSIZ ) PTR = 1
1- 5 I F  ( V .EQ. ENIII’ARK) GOlO 200

C
17 X FLO AT (X)/ZSCALE
1 1 Y = IL UAT (Y )/L SCA LE
19 R E T U R N
20 C
?1 200 PTR = 1
2 2  L A S T F C  = 0
23  R E T U R N  1
24 C
25 dOU WRI TE (6,~~O1 ) INPUT,LASTFC
26 801 FORNAT (’< *>< *>< *> ATT EMPTED TO READ FROM FC ’ .13,
27 ‘ ~ EF O RE BUFFER ~ROt ’1 F C ’ , 13, ’ WAS EMPTY’)
28 STOP
29 C
30 900 R E T U R N 2

• 31 END

0 3 — 3 1 — 7 7  * * 5 R 4 J * *

S E C )  . 23  LI~~E S/ ~~INuTE 7 7 6 9

NO DIAGN OSTICS IN A BOVE COMPILATION
W ERE USED FOR THIS CO M P I L A T I O N
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~~i — 7 )  20.772 LI

1 SU 8~~OUT I - JE W R I T E R  ( FLLECj,CNT ,X1,X 2 ,X 3 ,X4 ,X S )
2 IM P L I C I T  I N T E G E R  (A— Z)
3 COMMON u N  / INPUT ,TOT INPUTsENOM A R ~
4 DIMENSIO N X (5), OUT~~uFF (31O)
S DAT A PTR, BUFS I Z / 1,310 /
6 DATA L A S T F C  /0/
7 C
8 X ( 1 )  = X l

7 I F  C C N T  .GE . 2) X(2) = X2
10 IF ( CNT .GE . 3) x ( 3 )  = X3
11 IF C CNT .GE. ~.) X ( . )  = X 4
12 IF C C N T  .GE.  5) X ( 5 )  = X 5

1 3  IF ( L A S T F C  . E Q.  0)  L /~S T F C  = F I L E C C
14 IF C L A S T F C  .NE. F I L E C D )  G O T O  801)
15 iF ( P T R + C N T  .LE. 8 L J F S IZ )  GolD 100
16 WRIT E (F ILEC D )OU T~3UFF
17 P T R  = 1
13 100 DO 200 1 1,CNT
1~~ OUTI3U FF (PTR) = X(1)
20 20 U PTR = P T ~ + 1
2 1 C
22 IF ( X(C~~T) .NE. ENoMAR ~~) RETU RN
23  ~R ITE (FILEC O ) OUT BUFF
24 PTR = 1
2 5  L A S T F C  0
26 R E T U R N  -

2 7  C
23 800 ~ R IT E (6,SO1) FILECD ,LASTFC
29 801 FJR ~~AT (’ < * > < * > < * >  A T T E M P T E O  TO W R I T E  TO F c ’ ,IS,
30 & • b E F~~R E o U M P I t~G B U F F E R  FOR FC ,I3)
31 S T O P
32 END

)3—31—77 **5R4J**

SEC ) .24 LI~4ES/ MIN UIE 7887

NO D I A G N O S T I C S  IN A b O V E  C O M P IL A I IO N
wE RE JSE D FOR TH IS COMPILATION
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~~— ? 9  1 5 . 6 3 5  A R E A F I X FIX UP AREAS

1 C A R E A  A R E A F I X FIX UP AREAS
2 C
3 C
4 C THIS PROG RAM IS THE THIR D IN THE SERIES USED TO CREATE DAT A BASES.
5 C ITS PURPOSE IS TO ELIMINATE TANGENTS. ELIMINATE V E R T I C A L  SEGMENTS .
6 C ASSIGN A C L A S S I F I C A T I O N  OF “TOP” OR “BOTTOM” TO EACH POINT.
7 C EACH OF T HESE TASKS IS ACCOMPLISHED BY USING 1 OF 4 DEC i SION
8 C MATRICES. IN O R D E R  TO CLASSIFY A POi NT . (I.E. .TOP”, “ BOTTOM ”. OR
9 C “TOSS”) IT IS NECESSARY TO KNOW THE POiNT IMMED I A T E L Y  PRECEDING IT

- 
10 C AND THE POINT IMMEDIATELY FOLLO W ING IT. FOR THIS REASON. THE FIRST
11 C POINT MUST 3E SAVED ALONG WITH THE POSITION A L D I F F E R E N C E  B ETWEEN
12 C IT AND THE SECON D POINT. IN THIS MANNER , THE FIRST POINT CAN T HEN
13 C BE PROPERLY PROCESSED AS T HE V ER Y  LAST POINT.
14 C THERE ARE FOUR DECISION MATR ICES ; “A SSGN 1 ”,.... ”A SSGH4 ”. THE M ATRI
15 C THAT IS USED IS DEPENDENT UPON POSITIONAL DIF F E R E N C E S  WIT H RES PECT TO
16 C THE Y — D IR E C T L O N  OF THE THREE POINTS . ONCE THE CORRECT M A T R I X  HAS BEEN
17 C C HOSEN , THE C L A S S I F I C A T I O N  CAN BE EXTRACTED . THIS IS DE PENDENT UPON
18 C THE POSITION AL D I F F E R E N C E S  W ITH RESPECT TO THE X — D I R E C T I O N  OF THE
19 C THREE POINTS. THE DECISION MATR ICES ARE DESiGNED SUC H THAT POINTS
20 C CREATING TA N GENTS AND POINTS THAT FALL IN THE MIDDLE OF A VERTICAL
21 C SEGMENT ARE ASSIGNED THE C L A S S i F I C A T I O N  “TOSS” . IF A POINT IS
22 C ASSIGNED AS “ T O S S ” . IT SIMPLY IS NOT OUTPUT. POINTS A S S IGNED AS
23 C “TOP ” OR “BO TTOM ” ARE OUTPUT IN THE FORMAT SPECIFIED BELOW .
24 C ALL OF THESE TASKS ARE EXPLICITLY PERFORMED WITHIN THE SUBROUTINE
25 C “ASSIGN ”. THE PAR AMATERS TO “ASS IGN” ARE: THE COORDINATES OF THE
26 C POINT TO BE PROcEssED ; THE POSITIONAL DIFFERENCES BETWEEN T HAT
27 C POINT AND THE LAST POINT PROCESSED ; AND THE POSITIONAL D I F F E R E N C E
28 C BETWEEN THAT POINT AND THE NEXT POiNT TO BE PROCESSED. PRIOR TO
29 C RETURN. THE POINT JUST PROCESSED IS UPDATED TO THE NEXT POINT TO BE
30 C PROCESSED AND THE POSITIONAL DI FF ERENECES BETWEEN THE POINT JUST
31 C PROCESSED AND THE POINT PROCESSED BEFORE IT ARE UPDATED TO THE
32 C POSITIONAL DIFFERENCES BETWEEN THE NEXT POINT TO BE PROCESSED AND
33 C THE POINT J U S T  PROCESSED.
34 C
35 C
36 C
37 C INPUT
38 C THERE IS ONE INPUT TAPE TO THIS PROGRAM ( REFERENCED BY “T A PE IN” )
39 C THIS  TAPE IS  THE OUTPUT TAPE FROM THE SECOND P R O G R A M  A N D  CONTAINS
4 0 C THE C A T E G 3 R Y  AND BOUNDRIES FOR EACH “ A R E A ”  IN THE DATA BASE.
41 C
42 C THE TAPE IS ARRANGED IN THIS FOR M A T
43 C
44 C
4 5 C C A T E O G R Y  1 .F C . BOUNDRYH
4 6 C (X ,Y )  PAIR
4 ? C (X ,Y )  P A I R
48 C
49 C
50 C
51 C (X ,Y )  PA IR
52 C (— 1.  — 1 )
53 C C A T E G O R Y  2
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‘ 7 9  1 5 .635  A R E A F I X F IX  UP A R E A S  LAB

54 C
55 C a

56 C
57 C ‘E OF ’ M ARKER
58 C
59 C
60 C
61 C O U T P U T
62 C THERE IS ONE OUTPUT TAPE (REFERENCED AS “TAPEOUT ”), A N D SOME
6 3 C OUPUT TO T H E  LINE P R I N T E R  ( R E F E R E N C E D  AS “ P A P E R ” ) .
64 C
6 5 C OUTPUT TAPE :
66 C FOR EA : H  POINT W H I C H  IS TO BE KEPT ( A S S I G N E D  AS “TOP”  OR
67 C “BOTTOM” ) THERE ARE TWO WORDS OF OUTPUT .  THE F IRST  W O R D  C O N T A I N S
68 C THE B O U N D A R Y  NUMBER IN THE UPPER HALF OF THE 4 O R D  ( B I T S  3 — 17)
69 C AND THE X - C O O R D I N A T E  IN THE LOWER HALF OF THE W O R D  ( B I T S  18 - 35)
70 C THE SECON D W O R D  C O N T A I N S  FOUR P I E C E S  OF i N F O R M A T I O N :  1) O NE B IT
71 C FOR “TOP ” (=1 ) OR “BOTTOM” (*0) B IT  ZERO.  THE L E F T M O S T  B IT  IS USED
72 C 2)  17 B I T S  (1 — 17) FOR THE V — C O O R D I N A T E .  3 ) T H E  C A T E G O R Y  IN B I T S
73 C 18 — 36
74 C
75 C WORD 1
76 C
7? C 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3
78 C O - e l * 2 * 3 * 4 * S * 6 * 7 * 8 * 9 * O* 1* 2 * 3 * 4 * 5 * 6 * 7 * 8 * 9 * O* 1* 2 * 3 * 4 * 5 * 6 * ? * 8 * 9 * O * 1* 2 a 3* 4 * 5
79 C* 0 — 1? * 18 — 35
80 C* BOUNDARY NUMBER * x — C O O R D I N A T E
81 C~ *

82 C
83 C
86 C W O R D  2
85 C
86 C 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3
87 C O* 1* 2 * 3 * 4 * 5 * 6 * 7 a 8 * 9 * 0 * 1* 2 * 3 * 4 * 5 * 6* ? * 8 * 9 * O* 1* 2 * 3* 4 * 5 * 6 * ? * 6 * 9 * 0 * 1* 2 * 3* 4 * 5
88 CO* 1 — 17 * 18 — 35
89 C T *  V - C O O R D I N A T E  * C A T E G O R Y  NUMBER
90 CB* * *
91 C
92 C OUTPUT TO LINE PRINTER :
93 C UPO N SUCCESFUL PRO CESSING OF EACH AREA . THERE IS SOME OUPUT
94 C TO PAPER . TE INFORMAT ION P R I N T E D  IS: THE A R E A  COUNT , THE
95 C C A T E G O R Y ,  NUMBER OF POINTS D I S C A R D E D .  NUMBER OF P O I N T S  CALLED
96 C “TOP” . AND THE NUMBER OF PO INTS C A L L E D  “BOTTOM” .
9? C UPON S U C C E S F U L  COMPLETION OF ALL A R E A S .  AN APPROPR I A T E
98 C MESSAGE IS PRINTED. IF AN ERROR O C C U R S .  A D E S C R I P T I V E  M E S S A G E
99 C IS PR INT ED AND PRO GRAM E X E C U T I O N  IS HALTED.

100 C
101 C * * ** *e * * * * * ** * * *e * **e * * * ** ** * * * ** ** * * * * ** * * * * * * ** * * ** * *e * * * * ** * * * ** * * *
1O~ C V A R IABLE DE C R I P T IQNS :
103 C* * * * * * * * * * * ** * k * * * * * * *a * * * ** * * * * * * * * * * * ** * * * * ** * * * * * * * * * e * * * * * * * ** * * e *
1 06 C
1 05 C “ TYPECNT ” IS AN A R R A Y  USED TO COUNT THE NUMBER P O I N T S  D I S C A R D E D ,  THE
106 C NUMBER OF POINTS CALLED “TOP”, AND THE NUMB E R  OF POINTS
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•— ?9 15 .635 A R E A F 1 X FIX UP ARE A S  LA

107 C CALLED “ BOTTOM ”.
108 C
109 C “ F L R S T X ”  IS THE X —COORD I NATE OF F i R S T  POINT iN THIS  A R E A
110 C
111 C “ F I R S T Y ”  IS THE V — C O O R D I N A T E  OF F I R S T  POINT IN THIS  A R E A
112 C
.113 C “ X ” IS THE X — C O O R D IN A T E  OF THE CURRENT POINT TO BE PROCESSED
114 C
115 C “Y” IS THE Y — C O O R D I N A T E  OF THE CUR R E N T  POINT TO BE PROCESSED
116 C
1 17 C “N EXTX ”  IS 1-H E X — C O O R D I N A T E  OF THE NEXT POINT TO BE P R O C E S S E D
11 8 C
119 C “ N E X T Y ’  IS THE V — C O O R D I N A T E  OF THE NEXT POINT TO BE PROCESSED
120 C
1 21 C “FRS IXD I F ”  I S  THE D I F F E R E N C E  BETWEEN X — C O O R D IN A T E S  OF 1S T  2 POINTS
122 C
123 C “ F R S T Y D I F ”  I S  THE D I F F E R E N C E  B E T W E E N  V — C O O R D I N A T E S  OF 1ST 2 POINTS
124 C
125 C “CATGRY ” IS THE THE CATEGORY NU M 3E R FOR THE CUR R E N T  AREA
126 C
127 C “AREAS”  iS THE C OUNT OF THE NUMBE R OF AR E A S  PROCESSED
128 C
12 9 C ** CON S T A N T S **
130 C
131 C
132 C “END” = —1 USED TO CHECK FOR E N D — O F — A R E A  M A R K E R  ( — 1 , — i )
133 C
134 C “ TAPE IN” z 1 IS THE D E V I C E  NUMBER FOR THE INPUT T A P E
135 C “ TAPEO UT” = 2 IS THE DEVICE NU M BER FOR THE OUTPUT TAPE
136 C
137 C “PAPER” ~ 6 IS THE DEVICE NUMBER FOR THE LINE PRINTER
138 C
139

-

~~~ 140 C
141 iMP LICIT INTEGER (A Z )
142 LOGICAL DUMP. NODUMP. SW I TCHXY
143 C
144 DIMENSION T Y PECNT -(3). GAPERRS (2 0 ) .  B T E R R S ( 2 3 ) .  R NG ERRS UO )
145 DIMENSION P NTERRS ( 2 0 )  - 

-

146 C
147 COMMON / I N P A R A M /  TAPEIN .  ENDMARK
148 COMMO N ‘~S T A T S / C A T G R Y .  TYPECNT .  S W I T C H X Y
149 COMMON /GAPSI  GAPERRS . ERGA PN TRS RN GERRS , ERRNGPTR
150 COMMO N IDCI D E/ A$SGN1 (3 ,3), A$ $6N2 (3,3), ASSGN3 (3.3), ASSGN4 (3 .3)
151 COMMON / E R R O R S /  ERRCOUNT
152 C
153 DATA DUMP , NODUMP / ,T R U E . .  .FALSE .  /
154 DATA TA PEIN .  TAPEOUT .  PAPER / 1. 2. 6 /

. 1 5 5  DATA END MAR K / —1/
156 C
15?  C
158 C THESE DATA STATEMENTS FILL UP THE DECISION M A T R I C E S  —

159 C
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~— 79 15.635 A R £ A F 1 x FIX UP ARE A S  LA~

160 DATA ((A SSGN 1 (I.J) ,I*1 ,3),Jz1.3) /0,—1 ,—1,O ,—1 ,—1. —1 .1.1/
l o l C
16 2 DATA C (A S S G N 2( I . J ) . I * 1 ,3 ) . Jz 1 ,3 )  /O,0. — 1 , — 1 , — 1 . 1 , —1. — 1 . 1 /
163 C
1 64 DATA ((ASSGN3 (I.J),I*1.3),Jz1.3) /D.—1.—1.—1,1,1.—1,1,1/
16 5 C
166 DATA ((ASSGN4 (I ,J) .Ia1.3),J*1,3) /0.O,—1 ,O.D ,—1, —1.—1.1 /
167 C
l~~~3 DATA E R R C O U N T  / 0 /
169 DATA PNTERRS (1 ) .RNGERRS (1 ) ,GAPERRS (1 ) .BTERR S (1 ) /4*3/
170 DATA PNTERRS (2 ) .RN GERRS (2 ) .GAPER R S (2 ),BTE RR S (2 ) /—3 ,—2 .— 1.0/
171 C
17 2 C
173 C * * *  E X E C U T I O N  S T A R T S  HERE ***
174 C
175
176 C
177 C
178 WRITE (PA PER ,1000)
179 PRINT 1 003
180 O U T C N T  = 3
181 MINX = 10)000
182 MA X X Z O
183 C
184 C
185 C READ THE V M I A B L E  “SW ITCHXY ” (LOGICAL ) FOR TOPS & BOTTOMS
186 C
1 87 CALL GETX Y ( S W I T C H X Y .  DUM. $91 , $420 )
188 91 CONTINUE
189 IF ( S W I T C h i X Y )  W R I T E ( P A P E R . 3 )
190 IF ( S W I T C H X Y )  PRINT 3
1 91 C
192 C

— 193 C R E A D  THE C A T E G O R Y FOR THIS  AREA.  IF THE ‘ EOF ’ M A R K E R  IS ENCOUNTERED.
194 C THEN ALL A~~EA S HAVE BEEN PROCESSED. EXECUTION C O N T I N U E S  AT THE
1 95 C STATEMENT .. A B EL L ED ‘300’ TO DO SOME OUTPUT BE F O R E  STOPPING.
196 C
197 100 CONTINUE
1 98 CALL GETCAT C AREAS , CAT GRY . FC. $400, $300 )
19 9 C
200 WRiTE ( PAPER 910) A R E A S .  C A T G R Y
201 C
202 C
203 C
2 04 C READ THE F IRS T T W O  POINTS FOR THIS A R E A .  CHECK iNG FOR ‘ E O F ’  MARKER
2 05 C AND READ E R R O R S .
206 C
207 CALL G E T X Y  C F I R S T X ,  F I R S T Y ,  $112. $420 )
2 08 IF ( F I R S T X  .61. MA X X )  M A X X  * F I R S T X
20c~ IF ( F I R S T X .LT.  MINX )  MINX F I R S T X
210 C
211 CALL GET X Y C X ,  V . $112. $420 )
212 IF CX .GT .  M A X X )  M A X X  z
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213 IF CX .LT . MINX )  M INX X
214 CALL W R I T E R  C T A P E O U T .  2. A R E A S ,  A R E A S )  - 

-

215 C
216 DUPCNTR = 0
2 17 C
218 C SAVE THE POSITIONAL DIFF E R N E C E S  BETWEEN THESE T~~O POINTS
219 C
220 F RS T X D IF = X — FIR S T X
22 1 F R S T Y D I F  = V — F I R S T Y

~ 22 XD IF F  F R S T X D I F
223 Y D I F F  z F R S T Y D I F
224 C
225 C LOOP TO HANDLE ALL POINTS.  BUT THE F I R S T  & L A S T .  IN THIS A R E A
226 C FIRST. CHECK AND IGNORE DUPLICATE POI N TS
227 C NEXT .  CHECK FOR END POINT ( — 1 . — I ) .  IF FOUN D GOTO LABEL 200
228 C F INALLY .  C A L L  SUBRO UTINE “ ASSIGN”  TO DEAL W ITH THE POINT
229 C
230 110 CONTINUE
231 CALL GETX Y C NE X TX . NEXTY , $200. $420 )
232 C
233 I F ( N E X T X  .NE. X .OR . NEXTY .NE. Y ) GOTO 111
234 DUPC NTR DUPCNTR + I
235 GOTO 110
236 C
237 C
238 111 IF ( N E X T X  .61. M A X X )  M A X X  z N E X T X
239 iF ( N E X T X  .LT.  MINX) MINX z N E X T X
240 CALL ASSIGN CX . V. XDI FF, , YD IFF , NEXTX — X. N E X T Y — Y )
‘241 C
242 G OTO 110
243 C
244 112 WRITE ( PAPER .916 )
245 CALL LI PDATERR ( PNT ERRS, AREAS , NO DUMP )
246 GOTO 100
247 C
248 C* *a* * * * * * * * * * * * * * * * * *e* * * * ** * * ** * ** ** * ** * * * * * * ** * ** * * ** * * * * * ** * * ** * ** e
249 C
250 C
251 C ONCE THE E N D — O F — A R E A  MARKER HAS BEEN READ (—1 , — i). THE V E R Y  LAST
252 C POINT IS NOW (“ X ” .” Y ” ). THIS PO INT MUST BE P R O C E S S E D  F I R S T  AND
253 C THEN THE V E R Y  F IRST  POINT CAN BE P R O C E S S E D .
254 C
255 200 CALL A S S I G N  C X .  V .  X D I F F .  Y D I F F .  F I R S T X — X .  F I R S T Y — Y )
256 C

H 257 C NOW THE F I R S T  POINT CAN F INALLY  BE PROCESSED .  IT IS HERE THAT
258  C THE POSIT IONAL  D I F f E R E N C E S  B E T W E E N  IT AND THE SECOND POINT ARE
259 C NEEDED.
260 C

-261 CALL A S S I G N  C X ,  V . XDI F F.  Y D I F F ,  F R S T X D I F ,  F R S T Y D I F )
262 CALL WR ITER C TAP EOUT. 2. END MARK . END MA R K )
263 C
264 C
265 C THIS AREA HAS NOW BEEN COMPLETELY PROCESS ED.  OUTPUT (TO PAPER )
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266 C THE NUMBER OF POINT S D I S C A R D E D .  THE NUMBER OF POiN TS CALLED “TOP” .
267 C & THE NUM BER OF POINTS CALLED “BOTTOM” . LOOP BACK FOR THE NEXT AREA
268 C
26 9 IF (TYPECN T (2 ) .EQ . TYPECNT( 3 )) GOTO 202

• 270 WR I TE (P APER ,911 ) IAB S ( TY PEC N T (2 ) — T Y P E C N T ( 3 )  )
r 271 CALL UP DATE R R C B TERRS . AREAS. NODUMP )

272 202 IF (TYPECN T (2) .GT. 3 .AND. TYPECNT (3 ) .GT. 3) GOTO 203
273 WRITE (PAPER ,917)
274 CALL U P D A T E R R ( B T E R R S .  A R E A S . N O D U M P )
275 203 W R i T E  ( PAP ER .9 12 )  (T Y P E C N T ( I ) , I = 1 ,3 )
276 IF (DUP C NT R .GT. 0) WRIT E  (PAPER ,913) DUPCNTR
277 OUTCNT $ O UTCNT + T Y P E C N T ( 2 )  + T Y P E C N T ( 3 )
278 DO 204 1 1,3
279 T Y P E C N T ( I )  * 0
280 204 CONTINUE
281 GOTO 100
282 C
283 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
284 C
285 C
286 C IF THE ‘EOF’ MA R K E R  WAS ENCOUNTERED WHEN ATTEMPTING TO R E A D  A NEW

~87 C C ATEGORY , THEN ALL AREAS HAV€ BEEN SUCCESSFUL L Y PROCESSED
288 C
289 300 W R I T E  ( P A D E R . 9 15 )
290 301 W R I T E  C PAP ER.320)
291 320 F O R MA T ( / / . 2 0X , ’>< )( >( >( >( > c  > >( >< )( )< >< >< >< >(‘)
292 W R I T E  ( P A P E R . 3 2 1)  MINX. M A X X .  O UTCNT .  S W I T C H X Y
293 321 F O R M A T C/ / . 2 0X , ’THESE VALU ES ARE NEEDED AS INPUT FOR COUNT ’
294 & .//.20X .’MIN X M A X X  OUTCNT SW ITCHXY ‘‘.218,110.13)

~9 5 W R IT E ( 6 . 3 2 0 )
296 C -

297 CALL U P D A T E R R ( B T E R R S .  0. DUMP)
298 CALL U P D A T E R R  ( G APERRS.  0. DUMP )
299 CAL l. UPDA T- ERR ( RNGERRS.  0. DUMP )
300 CALL UPDATERR (PNTERRS , 0. DUMP )
301 W R I T E  (PA~~ER,9 14) ERRCO U NT
302 IF C S W I T C H X Y )  W R 1T E ( 6 . 3 )
303 IF ( S W I T C H X Y )  PRINT 3
304 W R I T E  ( P A ’ E R .9 19 )  M A X X — M I N X + 2 1
305 PRINT 9 1 9 , M A X X — M I N X + 2 1

-

- 

306 STOP
307 C
308 C* * * ** * * * * * * * *~~~* * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *a * *
309 C
310 C
311 C WHEN A R E A D  E R R O R  OCCURS ( OTHER THAN ‘ E O F ’ )  W H I L E  R E A D I N G  A C A T E G O R Y ,
3 12 C E X E C U T I O N  C O N T I N U E S  HERE TO O UTPUT A M E S S A G E  AND THEN S T O P .
31 3 C
314 400 WRITE (PA~~ER,9 20) A R E A S
3 15 GOTO 301
316 C
31 ? C* * * ** * * * ** * * * * * * * * * ** * * * * * * ** * * * ** * * * * * * * * * * ** * * * * *e * * * * * * * * * * * * * * * * **
318 C

1 Afl
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319 C
320 C WHEN A R E A D  E R R O R  OCCURS ( O T H E R  THAN ‘ E O F ’ )  WHILE  R E A D I N G  AN (X ,Y )
321 C PAIR. E X E C J T I O N  CONTINUES HERE TO PR INT A MESSAGE AND STOP .
322 C
323 410 W R I T E  ( PA ’ E R ,9 2 1 )  A R E A S

TATEMEN T IS NEVER REFEREE ED
~24 GOTO 301
325 C
326 C~~****~~* * * * * * * *~ * * * * * * * * * * * ** * * * * * * * * ** * * * * * * * * ** * * * * * * * * ** * * * * * * * * * * **
327 C
328 C
329 C WHEN THE ‘EOF ’ MARKER IS READ W H ILE A T T E M P T I N G  T O READ AN ( X , Y )  PA IR ,
330 C EXECUTION C ONTINUES HERE TO OUTPUT A MESSAGE AND STOP.
331 C
332 420  WRITE ( PAP E R .93 0 )  A R E A S
333 GOTO 301
334 C
335 C* * ** ** ** * * * ** * ** * * ** * * ** * * ** * ** * * * ** * a* ** * * ** * ** a* * * * ** * * * * * *a* * a* * ** *
336 C
337 C FORMATS
338 C -

339 3 FORMAT ( 1 K , 2 5 C ’ * ’). ’ TOPS AN D BOTTOMS WILL BE S W I T C H E D ’ ,25( ’ * ’ ))
340 910 FORMAT ( / B X , ’ A R EA ‘.15.’, CATEGORY IS ‘.15)
341 911 FORMAT (/IX .’****** BOTTOM S AND TOPS ARE NOT EQUAL. DI F F E R E N C E ’ .
342 & • IS ’ .I5. ’ * * * * ** ~~~/.

I ‘)..

343 912 FORMAT (Bx ,17. POINTS DI SCA RD ED . ’,I7.’ BOTTOMS .’.I?.’ TOPS. ’)
344 913 FORMAT (8X ,17,’ DUPLICATE POIN TS’ )
345 914 FORMAT (I//SX.I10.’ ERRORS WE R E DETECTED IN THIS RUN ’)

~46 915 FORMAT (I//1X . ’****** NORMAL TE RMI ~4AT IO N * * * * ** ‘)
347 916 FORMAT (1X .’***** (—1.— i ) WAS READ AS FIRST OR SECOND POINT. ’,
548 & • THE AREA WAS IGNORED’)
349 917 FORMAT ( 1X , ’ * * * * *  F EWER THAN 4 BOTTOMS OR FEW ER THAN 4 T O P S ’ )
350 919 FORMAT (2(1X.120(’-* )I)/. * * * * *  MAKE SUR E TH E A R R A Y  “ XB I NS”  IN’ ,
351 & • THE NEXT PROGRAM “XCOU NT ”  IS DIMEN SIONED TO A T  L E A S T ’ .
352 & 110. * ***a ’ / / 2 ( 1x , 1 2 0( ’ e S ) / ) )
353 1000 FORMAT ( ‘1 • )  

-

354 C
355 920 FORMA T (3( 1 X. 100( ’ -* ’ )/ ) / SX . ’R EAD ERROR WHILE READING C A T E G O R Y  ‘ .
356 & ‘ F O R  A R E A  ‘ .16)
357 C
358 921 FORMA T ( 3 ( 1 X , 10 0 C ’ * ’ )/ ) / S X , ’ R EAD ERRO R WHILE READING X , Y  IN ‘ ,
359 & ‘ A R E A  ‘ .16)
360 C -

361 930 FORMAT (3 ( 1X . 1 0 0( ’ * ’ )/ ) / SX . ’ END OF INPUT TAPE WHILE R E A D I N G  X .Y  ‘.

362 & ‘ IN A R E A  ‘ .16)
363 C
364 END

EMORY EXPANDED.  USE SL I M ITS  OR CORE * OPTION FOR NEXT RUN

O3~ 3 1— ? 7  e * S R4 J * *  
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SEC )  1 .33 L I N ES /M i NUTE 16299

2 D I A G N O S T I C S  IN ABOVE COM P ILAT ION
W E R E  USED FOR THIS COMPILATION

S

:
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1 C A S S I G N  A S S I 6 N SUB. FOR C L A S I F I C A T I O N  & OUT PUT
2 C
3 C S U B R O U T I N E  A S S i G N
4 C
5 C
6 C THIS SUBROUTINE  D E C I D E S  WHAT TO 00 W I T H  A POINT. IT A S S I G N S  A
7 C C L A S S I F I C A T I O N  OF “TOSS” . “TOP” , OR “BOTTOM ” TO TH E POINT USING
8 C ONE OF THE T W O DECIS ION M A T R I C E S  C ”ASSGN l ”  OR “ A S S G N 2 ” ) .  PO INTS
9 C A SS IGNED “TOP” OR “BOTTOM” ARE OUTPUT IN THE TWO W O R D  FORMAT WHILE

10 C POINTS A S S I G N E D  “TOSS”  ARE NOT O UPUT.
1 1 C THIS SUBROUTINE ALSO COUNTS THE NUMBER OF P O I N T S  IN E A C H  X — B L N
12 C AND COUNTS THE NUMBER OF POINT S W I T H  EACH C L A S S I F I C A T I O N .
13 C FINALLY. BEFORE RETURNING ,  T H I S  SUBROUTINE S W A P S  THE A R G U M E N T S
14 C AROUND IN PR EPARATION FOR THE P R O C E S S I N G  OF THE N E X T  POINT.
15 C
16 C
17
18 C V A R I A B L E  D E S C R I P T I O N S
19
20 C
2 1 C “TYPECNT”  IS THE ARRAY FOR THE # OF POINTS W I T H  EACH D I F F E R E N T
22 C TYPE ( “TOSS” , “BOTTOM” . OR “ TOP” )
23 C
24 C “PNTYP E” C L A S S I F I C A T I O N  OF (“ X” .”Y” )
25 C —1 = “TOSS”
26 C 0 = “BOTTOM”
27 C 1 = “TOP”
28 C
29 C “ PACKED ” IS THE SECOND WORD OF OUTPUT. IT IS PACKED TO HOLD :
30 C “TOP ”/ ” BOT TOM ” ,Y — C O O R D INA T E. C A T E G O R Y .  AND F E A T U R E
31 C TYPE (s “AREA” ) .
32 C
33 C ***  P A R A M A T E R S  ~~**
34 C
35 C “X ” IS THE X — C O O R D I N A T E  OF THE POINT TO BE P R O C E S S E D
36 C
37 C “ Y” IS THE Y — C O O R D I N A T E  OF THE POINT TO BE P R O C E S S E D
38 C
39 C “ OLDX DIF F”  IS THE D I F F E R E N C E  IN X — C O O R D I N A T E S  B E T W E E N  THE
4 0 C POINT TO BE P R O C E S S E D  AND THE L A S T  POINT P R O C E S S E D
41 C
42 C “OLDYDIFF ” IS THE D I F F E R E N C E  IN V—COORDINATES 3ETW EEN THE
43 C POINT TO BE PROCE SSED AND THE LAST POINT P R O C E S S E D
44 C
45 C “X DIFF”  IS THE D I F F E R E N C E  IN X — C O O R D I N A T E S  B E T W E E N  THE N E X T
46 C POINT TO BE PROCESSED AND THE CURRENT POINT TO BE

— 

4 ? C PROC E S S E D
48 C

- 49 C “YD IFF ”  IS THE D I F F E R E N C E  IN V — C O O R D I N A T E S  B E T W E E N  THE NEXT
SO C POINT TO BE P R O C E S S E D  AND THE CURRENT POINT TO BE
5 1 C P R O C E S S E D
52 C
53 C **. C O N S T A N T S  ***

151
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54 C
5 5 C “ A R E A ”  = 2 L S  T H E  F E A T U R E  T Y P E  FOR A R E A S

C
c- i C “ TAPEOUT ’  2 IS THE D E V I C E  NUMBER FOR THE TAP E D R I V E  W I T H  THE
58 C OUTPUT T A P E  MOUNTED
59 C
cM C “TOSS ”  = —1 IS THE INTEGER A S S O C I A T E D  W I T H  “T O S S ”
6 1 C
62 C

C “ASSGN l”  AND “ASS G N 2” ARE THE D E C I S I O N  M A T R I C E S
64 C T iiES~ M A T R I C E S  ARE USED TO ASSIGN “TOP ”, “B O T T O M ”, OR “ T O S S ”  13
65 C THE POINT “X ”.”Y”
66 C
67 C * ****** ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
68 C
69 C
70 S U B R O U T I N E  - A S S IGN (X ,  Y ,  O L D X D I F F ,  O L D Y D I F F .  X D I F F .  Y D I F F )
71 C

IMPLICIT INTEGER ( A — Z )
73 lOG ICAL DUMP, NODUMP. S W I T C I I X Y
74 C

DIMENSION T Y P E C N T ( 3), E R R L LS T ( 19 ) ,  R N G E R R S ( 19 )
76 C
77 COMMON / S T A T S /  C A T G R Y .  T Y P E C N T .  S W I T C H X Y
78 CO MMON / G A P S /  E R R L I S T ,  E R R P N T R .  RN G ERRS ,  E R R 4 G P T R
79 COMMON /DC IDE/ ASSGN 1 (3 ,3), ASSGN2 (3.3). ASSGN3 (3 .3) . A SS~ N 4C3 ,3 )
80 C
81 C
82 C
83 DATA DUMP, NODUMP / .TRUE .. .FALSE. /
84 D A T A  TOSS ,  A R E A .  TAPEOUT,  PAPER / — 1. 2, 2. 6 /
85 C
86 C
87 C * * * * *  E X E C U T I O N  S T A R T S  HERE * * * * *
88 C
89 C* a * * * * * * * * * * * * * * * ** * * * * * ** * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * *
90 C
91 C
92 C DECIDE WHICH M A T R I X  T O USE BY THE D I F F E R E N C E S  IN Y — C O O R D I N A T E S
93 C AND E X T R A C T  THE C L A S S I F I C A T I O N  FROM THE M A T R I X  BY THE D I F F E R E N C E S

- 
- 94 C IN X — C O O R D I N A T E S

95 C
96 C
97 C F I R S T  MAKE SURE THERE IS NOT A GAP B E T W E E N  THE THREE P O I N T S

- 9 8  C
99 IF ( IA B S C O L DX D I F F )  .GT. 1 .3R. IA B S (X D I F F )  .GT. 1 .OR.

100 & IA B S ( O L D Y D I F F )  .GT. 1 .OR. IA B S (Y D I F F )  .GT.  1) G OTO 23)
-~~~~ 1O~ C H

1O~ IF (Y D I F F  + O L D Y D I F F )  120. 100. 110 H
io:- C
104 100 IF (YDIFF ) 103, 110. 104
103 103 PNTYPE ASSGN 3 (OLDXDIFF+2, X D 1 F F + 2 )

1
106 GOTO 130

152
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1 07 104 PNTY PE = A S S G N 4 ( O L D X D I F F + 2 .  X D I F F + 2 )
108 GOTO 130
109 C
110 110 PNT YPE = A S S G N 1 ( O L D X D I F F + 2 .  X D I F F + 2 )
1 11 G O T O  13 3
112 C
113 120 PNTYPE = AS S GN 2 ( OL DXD 1F F+2 .  X D I F F + 2 )

‘114 C
115 130 IF (PNTY PE .EQ. TOSS) GOTO 140

- 1 1 6  C
117 C
118 C IF THE LOGICAL VARIABLE “SWITC HXY” IS SET TO .TRUE.. THEN THE
1 19 C X AND Y VA LU E S W E R E  S W i T C H E D  IN THE P R O G R A M  “ I N I T F I X ”  AND THUS
120 C TOPS AND B O T T O M S  MUST BE S W I T C H E D  HERE
121 C
122 IF ( S W I T C ~~X Y )  PNTYPE = 1 — PNTYPE
123 C
124 C THE POINT ( X , Y )  HAS BEEN C L A S S i F I E D -  AS A “TOP” OR A “BOTTOM”
125 C SO OUTPUT I T  IN THE P R E S C R I B E D  FORMAT
126 C
1 27 PAC K ED 2 = I L S C P N T Y P E , 3 5 )  + 1LS (Y .18)  + C A T G R Y
128 CAL L W R I T E R  C TAPEOUT. 2. X .  PAC K ED2 )
129 C
130 C
131 C THE POINT J US T P R O C E S S E D  (“ X” ,”Y ” )  IS NO LONGER NE EDED. THE
132 C DIFFERENCE BETWEEN IT AND THE NEXT POINT (“XD I F F ”  AND “YD IFF ”) ARE
133 C STILL NE EDED . THE NEXT POINT CAN R EA DILY BE C A L C U L A T E D  SO IT IS
134 C DONE HERE IN ANTICIPATION OF (HE NEXT CALL .
135 C
136 140 X a x + X ) I F F

~137 V a y + Y D I F F
138 OL DXD I F F X D I F F
139 O L D Y D I F F  = Y D I F F
140 C
141 C UPDATE THE D I F F E R E N T  TYPE COUNT
142 C
14 3 PNTYPE = PNTYPE + 2
164 TYP ECN T ( 3 N T Y P E )  T Y P E C N T C P N T Y P E )  + 1
145 R!TU R N
146 C
14 7 C A GAP WA S FOUND. OUTPUT A M E S S A G E  AND UPDATE THE P A R A M A T E R S
168 C
149 200 WR i TE ( PAPER ,900 )  X — O L D X D I F F .  X ,  X + X D I F F .  Y — O L D Y D I F F ,  Y ,  Y . Y D I F F ,
150 & OLDXD I FF ,  XD IFF .  O L D Y D I F F .  Y D I F F
151 CALL U P D A T E R R  ( E R R L I S T .  A R E A S .  NODU MP)
152 X a x + X D I F F

- 1 5 3  V * V + Y D I F F
154 O L D X D I F F  = X D I F F

• 155 OLDYDIFF = YD IFF
156 RETURN
157 C
158 900 FORMA T (1X . ’ * * * ** * * * ** * ** * *  GAP * ** * * * ** * * ** * ‘ / l O X ,
159 , & 2(’ PREV IOUS ’ ,16X. THI5’ ,16x.’NE XT’ ,10X)/1Ox,

153 
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160 & 3 ( 9X , ’X ’ .1OX ) .3(9X. ’Y ’ , 1OX ) /1 OX.6 ( I 1O , lOX )/ ,
161 & 2 (20X,2 (11O.1OX)))
162 901 FORMAT (1 X .’***** X VAL UE’ .IB.’ IS NOT BETWE EN’.18.’ &‘ .18)
163 END

03—3 1— 77 **5R4J**

SEC) .61 LINES/MINUTE 15847

NO DIAGNOSTICS IN ABOVE COMPILATION
WERE USED FOR THIS COM PILATION

— 
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1 CUPD ATE U P D A T E E R R 0 R S
2 C
3 SUBROUTI N E UPDATERR (ARRAY, AREA. DUMP )
4 IMPLICIT INTEGER (A— fl
5 L O G I C A L  D U M P
6 C
7 COMMO N /ERRORS/ ERRCOUNT
8 DIMENSION ARRAY (20)
9 C

~~1O C
11 C
1 2 PNTR = A R R A Y ( 1 )
1 3 IF (DUMP) 6010 100
14 ERRCOUN T = ERR C OUNT + 1
15 iF ( A R R A Y ( P N T R — 1 )  .EG. A R E A )  RETURN
16 A R R A Y ( P N T R )  AR EA
17 A R R A Y ( 1 )  A R R A Y ( 1 )  + 1
18 IF C PNTR .NE . 20) RETURN
19 100 IF ( PNTR .EQ. 3) RETURN
20 IF ( A R R A Y ( 2 )  .EQ. — 3 ) - P R I N T  903
21 IF (AR ~~A Y ( 2) .EQ. —2 ) P R iN T  904
22 IF ( A R R A Y ( 2 )  .EQ. — 1 )  PRi NT 901
23 IF (AR ~ - A Y ( 2)  .EQ. 0) PRINT 902
24 STOP = 20
25 IF CDUM ~~

) STOP = PNTR — 1
26 PRINT 930.  ( A R R A Y ( I ) .  I a 3.STOP )
27 PNTR = 3
28 R E T U R N
29 900 FORMAT (1~~( 1X . I6))
30 901 FORMAT ( 1X , ’ **** *  GAPS OCCURRED IN THESE AREAS’)

- 3 1  902 FORMA T (1 X, ’ * * ***  PROBLEMS WI TH BOTTOMS & TOPS IN THESE A R E A S ’ )
32 903 FO RMAT ( 1 X , ’ * * * * *  X ,Y PROBL EMS O C C U R R E D  IN THESE A R E A S ’ )
33 904 FORMA T ( 1X, ’ * ** **  X VALUE OUT OF RANGE IN THESE A R E A S ’ )
34 END

03—31—77 * * S R 4 J * *

SEC )  .25 L I N E S / M I N U T E  7973

NO D I A G N O S T I C S  IN ABOVE COMPILATION
WERE USED FOR TH IS C O M P I L A T I O N
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4—79  1 5 .6 3 9  LAB

1 SU 8ROUT IN~ GETCAT (UNIQUE .CAT.FTCD , *.*)
2 IMPLICIT I N T E G E R  (A—Y)
3 COMMON I I N P A R A M  I I NPUT , END MARK
4 DIMENSION IN (310)
S DATA PTR .~3UFS IZ/ 1,310 /
6 DATA LASTFC / 0 /
7 C
8 IF C L A S T F C  .NE. 0) GOTO 800
9 IAST FC INPU T

10 READC INPtJT ,END=900) IN
11 UNIQUE = IN (1)
12 - C A T  = IN(2)
13 FTCD = IN(3)
14 PTR 4
15 R E T U R N
16 C
17 ENTRY GE TXY C X, V. *. * )
18 IF ( L A S T F C  .Ea. 0) L A S T F C  = INPUT
19 IF C L A S I F C  .NE. INPUT) 6010 800
20 120 IF ( PTR .EQ.  1) REA D ( I NPU T , EN DZ 900 )  IN
21 IF ( PTR+2 .LE. B UFS IZ ) GOT O 125
22 PTR = 1
23 6010 120
24 C
25 1 2 5  X = I N ( P T R )
26 V a IN( PIR+1)
27 PTR = PTR+ 2
28 IF C V .NE. END MARK )  RETURN
29 C
30 PTR I
3 1 LA S T F C  = 0
32 RETURN 1
33 C
34 800 W R I T E ( 6 , 8 0 1 )  IN PUT , LA STFC
3 5 801 F O R M A T ( ’ ( - * > < * > - ( * >  A T T E M P T E D  TO R E A D  FROM FC ’ .I3.
36 & l B E F O R E  BUFFER FROM F C ’ ,I3. ’ WAS E M P T Y ’ )
37 STOP
38 C
39 900 RETURN 2
40 END

0 3 — 3 1 — 7 7  * * 5 R 4 J * *

S E C )  .26 L INES / M INUTE 8919

NO D I A G N O S T I C S  IN ABOVE COMPILATION
WERE USED FOR THIS COMPILATION
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4— 79 15.640

1 SUBROUTINE W R I T E R  C F I L E C D , C N T , X 1 . X 2 , X 3 ,X 4 ,X 5 )
2 IMPLICIT INT EGER ( A — Z )
3 COMMON /I N P A R A M  / INPUT.ENDMARK
4 DIMENSION X (5). OUTBU FF (31 0 )
5 DATA PT R ,BUFS IZ / 1.310 /
6 DATA LAS T FC /0/

- 7 C
8 X ( 1 )  a Xl
9 IF C CNT .GE. 2) X (2) X2

• 10 IF C CNT .GE. 3) X (3 )  a X3
11 IF C CNT .GE. 4) X (4 )  * X4
12 IF C CNT .GE. 5) X ( 5 )  a X5
13 IF C LASTFC .EQ. 0) LASTFC FILECO
14 IF C L A S T F C  .NE. F IL ECO )  GOTO 800
15 IF C PTR + CNT .LE. BUFS IZ) 6010 100
16 WRIT E (FIL E CD )OUTBUFF
1? P T R a 1
18 100 DO 200 I 1, CNT
19 OUTBUFF ( PTR )  a XC I )
20 200 PTR = PTR + 1 —

21 C
22 IF C X (C~d T ) .NE. END M A R K )  RETURN
23 WR I TE (F I_ E CD ) OUTBUFF
24 PTR 1
25 LASTFC = 0
26 RETURN
27 C
28 800 W R IT E ( 6 .8 ) 1)  F I L E C D . L A S T F C

a 29 801 FORM AT (’ (*>< * > < *>  ATTEMPTED TO W R I T E  TO FC ’ .I3.
30 & • BEFO R E DUMPING BUFFER FOR FC ‘ .13)

- 3 1  STOP
32 END

03—31—77 **SR4J**

SEC) .25 LINE S/MINUTE 7574

NO DIAGNOSTICS IN ABOVE COMPILATION
W ERE USED FOR THIS COMP I L A T I O N
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_________________ -p’—--— ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~ - - ‘ -~~~~~~~~~

Pr - - -

8~~7F~ 1~~.6S1 LA
~~~~~~ U t~ -r

1 C C O U N T
2 C - COUNT NU~’BEk OF PO INTS IM EA C h  X~~I N  - -  —

3 C
- 4 C IN PUT - - --  - - -

5 C FILE CODE
6 C 01 INrU T DATA IN THE FOLLO W ING FOR ;IA T
7 C C B O U N DARY NUMBER )

- C ( 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) —

C C X — C O O R D I  N ATE , CY—COOR D INATE ,C A T E G O ~~Y, FTC O J )_1p ___ _ _ C — — - 5 -  - - I - - -  - - - —

11 C
-5 -t---—--.--- --- - - - -— — -  — - 5 - -  — --5— - — - 5 -

13 C C —1, —1 )
14 - - - - C —  ( PQ JIN DA RY NU1~BER )

15 C
16 - -- 

_
~C  - -  - - -

17 C .

____ J
~~~

___ _ 
- -~~~~~~~ -- -----—-—-—-- —---- -~~~~~~~~~~~~~~-- - - - - - -  - - - - - - - - - -5- --  - -  -

19 C
- - - - - 02 4_J~L0RD RE C O R D  AS F O L L O W S   -

21 C C PI~ J X ,  r~A X X ,  TOTAL POINTS, “Ou Tb~-~~kD ” (L0 (-ICAL ~i Ai ~I1~BLE ) )_2L _~~~~~ - - _ - _  - -

23 C OUTPUT 
----5 

25 C 03 THE I~4PUT A R RAt’ JG E D IN T h E  F0LL0~~I~~ti F O~I M A T
~~~~~~~~~~~~~~ ~~~~~~~~~ _  

~~~~~~~~~~~~ -- ~~~~~X~~~~~UD1~~LG Y .A R ~~~~~~~~~~~~ EL ~~~T~~~~~J  - -

27 C
- _2&~~~ - ~~~~~~~~~ L~~~Q D~kR1-5fr~~jC_~C O O R D ) I~ j Y - C O~~kD~~CA tj~~Qj~j  ~,itC D1) 

- -  - -

29 C C N3 OUNDARY #,X—COORD], C Y — C O O R D ,C A T E F O R Y  ll ,FTCO J )
3CL~~~~~~~~~ _ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ - 5 - 5~~_~~~~~ -5 -—  ___

31 C 
-5-- -- - - ~~~— - — - -5- - - - - -  - - -   - -

33 C C — 1 ,  —1 )
34 ( LBOIJ N D A k Y  # , X — C C ) ~~R DJ .  t Y - * Q Q R Q , C A T E G O RY  ~J,1T C D J  )
35 C

- -------------— --- - - . -- -- - - - - - - -- - - - --- - -

37 C 
C- - OF -— - - -

39 C
C
~~~  

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 E~~U 1C~~~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ INPLT -- —
41 C 62. PFRHA PS MO DI. F IF D THROU GH r )ELETEs
42_~~ ~~~~~~~~ .Tl iEX LtL C~~U~ LS LE ELR aR~~~~~~~~ _ 

_ _ _

43 C IF THE BOOLEAN V A R I A B L E  “O(jT~~K W R D ” IS  S E T  .TRUF .,
44  - C 1.ULN T H E  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

65 C M A X I M U M  X TO M INIMUM X.
1.4 _

~~~
_ .  -  iL T k E.~~~0~~LEAN_ V I~ SLE ”Ou L~~x.wk3~” L5 SET .-FALSE ., .

47 C THEN THE X E~IN COUNTS AR E  W R I T T E N  OUT FRO .’~6~ ~~~~~~~~~~~~~~~~~ iNJf~U 1a kx1j~u f r t x .  - -  - - - - - -

49 C 
ItQ IE : T~~~~ i ~~~N V ~~RI~~~LE ~ 0UL~X f l L~~~~~~S S ED -

5 1 C I N TH E R E C O R D OF I N P U T  C2 F R O M I d E
_32 C - 

~~~~~~~~~~~~~~~~~~~~~~~ P~~~~~~~N~~~PR.O G~RLM_ - -
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8—78 12.651 L

53 C
- - -~~~~- __ __ _C  --- - 5  -_  - - - 5 -  -5- - -- - - 5 - - - - - - - __—------- -- ---- -- _ _

55 IM PLICIT INTEGER C A—Z )

~~~~~~~~~ - -___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _

57 L O G I C A L OUT BKWRD
58 — DI MENSION XB IN (38CC)__
59 DIMENSION DELE (1)
60 ________CO3

~

MQ& gulf (155 .21L~JJF PTR ________-—______ _ _ _ _ _ _ _

• 61 C
62 DATA MASK / 0777777 / XRANG E, LA S T O E L E  / 3800.1 / 

______

63 DATA DELE / 0 /
64 C 

_______________________ ____________________________________________
65 C
66 B U F P T R  = 1
67 READ (02) MI NX ,  MAXX , NUMPTS . OUTRKWRD
68 IF COUT B KWR D ) WRITE (6,3)
69 WRITE (6,1) ‘INPUT ‘ , MINX . MAXX , NUMPIS
70 I F__C M A X X — M I N X + 2 1 __.61.__X RANGE )__6010__203 

_____________________

71 C
72 DO 5 j= 1,XRANG E 

________________ __________ __________

73 5 XB IN (I ) = 0
74 C _____ ___________ ______ _______ ________________

75 OFFSE T = MINX — (X RANGE — MAXX + M INX )12
_ 76 PNTSREA D = 0

77 SKIPPED 0
78 C _______ ________________ ______________________________
79 7 REA D (O1,END 100) BOUNDARY

• 80 DO 8 I = 1 .LASTDELE ___________________________
81 IF (BOUNDARY .NE . DELE (I)) GOTO 8
82 

- 
9 

—— 
READ (01.END=100) X,Y

83 I F  C X • EQ . —1 ) G OTO 7
84 

____ 
S K I P P E D  = S K I P P E D  + 1 

____________ ____ ______

85 G O T O 9
86 C 

_____ ____ ____ ______ _______

87 8 C O N T I N UE
88 C _____ _________________________ __________ _____

89 10 READ (O1,END 100) X, V
90 IF (X •EQ. — 1 ) GOTO ~~ _____

91 XB IN (X—O FF SET ) = XB IN (X— OFFS ET) + 1
92 PACKX ILS (BOUNDARY ,18 ) + x 

_______ ______________

93 CALL DUMPB (PACKX ,Y )
94 

— 
PN TSR EA D = PNTSREAD + 1 

— 
_____________________________________

95 6010 10
96 C _____ ____________ ______ _____ _______

97 20 CALL DUMP’~(— 1.— 1)
• 98 GOTO 7 

_________ _________ ____________________

99 C
100 C 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

101 100 TOT IN = PN TSP EA D + SKIPPED
_ _ _ _  S T A R T ~~~j _ _ _  _ _ _ _ _  _____________

103 101 IF (X BIN (START ) .NE. 0) GOTO 102
- 104  ~~~J&Rj~~~_S T A R L±L _ _  - 

_ _ _ _ _ _ _

- 

-5---- IITIIII 
_ _  

11111111T_ I 
-‘~~ -~~~~~~~  —~~~~~~ ~~~~~~~~~~~~~~~~~~ r i— --
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8— 78 12 .651 
- - — - 

LA

11- 5  GOTO 111  
- _____ ____

‘06 -- - - - - - 5 -- - - -

1 0? 1C2 MINX STA kT + OFF SET

- 1T~~~P X R A N G E  - - - -  - - -

109 103 IF (XB IN (STOP ) .ME. 0) 6010 104
_

~

_ _

~

11 GOTO 103
iia.  - 

1 13 104 MAXX = STOP + O F F SE T
1 14 C    —

115 C

~

I

~

_0

~ 

_ S i _ _ _ _ . _ .  _~~~~~~~~~~~~~~~_~~~~~~~~~~ 

117 C
-   -  - -

119 W RI TE (6,1) ‘OUTPUT’ ,MINX,MA XX,PrJ TSF ~EhC
1 20 - - IF KIPPE E. ) - W R  IT E ( 6  ,2) PPED -  -

121 IF (TOTI~’, .LT . MUMPTS) W R ITF (6,111 ) NUMPTS — T O T IN 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

123 IF CX .ME. — 1 ) WRITE (6,113) X , V

-- -

125 WR ITE (04) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~ - --   - -   - -

1 27 C
j28 IF ~ ..N0T._C J~~K.WRD1 6_Cl L5JL  _ _ _ _ _ _ _

12 9  C  

~ p. ItO L $Tf i R I~~~~~~~ tQl, 1O   -

131 K STOP + START — J + 1

~~~2 . ~ 1~1L. flE( j X ~~jMj~ —L ) .1.  —-- - -- - - - - -  - - —-  -

1 33 STOP
~~1 34~  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _____

135 151 W R I T E (04) (XBIN (J),J=I,I+9) 
5TDP - — - -

137 1 FORMAT (//1X ,A 6/4X, ’MINIM UM, M A X I M U M ,  TOTAL POI(~TS : ’. 
1S,!L’,.I8~~~,~~LiIO~ 

-
- 139 3 FOR M A T  (lX .25(’ *’),’ XH INS WERE W R I T T E N  IN DESC ENOINL ORDE h~’)

_i 4fJ_ _L FORMAI (lx. * * ‘,j, ’ J~~JNi~~~jdER E_ DE L T )
~~~~~~~~~~ -

— 1 4 1  111 F O R M A T  ( ‘  ***~~~* EXPECT ING ’.IlO, ’ MORE POI.’~T S  A T  E O F  ‘)
L42_ 1i2 Q~~~~J {~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ k1.D~~.COUNTED~~) --

143 113 FORMAT (‘ •**** DID NOT END W I T H  (—1, —i ) TRA I L E R  °OINT’)
144  ~~~~~C. — ~~~~~~~~~ - —  -

145 200 WRITE (6,201) M A X X — M I M X + 2 1
_
~

_
~ 6 — — ~~~~~~~~~~ — _____

147 ?01 FOR M A T  C’ ~~~~~~~~~~~~~~~~~~ T H E  A R R A Y  “ X B I N ” M U S T  t~E U IMEN S IO4 E 0 A T ’ ,J 1O)
.t4~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ -

EM O RY EX PAN DED. USE SL IMI TS OR CO PE OPT ION FOR N E X T  R U M

160
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8— 78 12.654 
- -

1 SUB ROUTI NE DUMPB ( x ,Y)

2~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 
.

3 COM MON h3U FF (1s5 ,2 ),eUFP TR
4 C _ _ _ _

S BUFF (BUFPTP ,1 ) = X 
-

6 BUFF (BUF PTR ,2 ) = V _____

7 h 3 UFP T R  = B U E P I R  + 1

_ _ _ _ _ & __ _ _ _ ______ __ _  JEj F JR..LL. i56)_REfl~~W __
9 C
10 WPITE (03) &UFF
11 DO 100 1= 1,155
12 DO 100 j~~l,2
13 100 BUFF (I,J ) = 0
14 B U F P T R  = 1

15 RETURN
___ j

~~
_ _ - - — - — — - - -— - -~~~~~~~~~

- - — —-— --— - -——-
~~~~~~~~~~~~~~~~~~

-— — ---—--—-- - - ---
~~~~~~~

—— — —
~~~~~~~ 

-
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78 02.353 Y S 0 p 1 
- -

1 C Y S O R T
2 C
3 C THIS P R O G R A M  IS A M O D I F I C A T I O N  OF X S O R T .
4 C THE PURPOSE IS TO SORT SOME INPU T D A T A  A C C O R D I N G  TO THE X — V A L U E
5 C A S S O C I A T E D  WITH THAT DATA.
6 C
7 C IN THIS M O D I F I E D  VERSION WE ARE A C T U A L L Y  SORTIN G A C C O R D I N G  TO
8 C V — V A L U E S  FROM L A R G E S T  TO SMALLEST
9 C

10 C RATH ER THAN CHANGE ALL V A R I A B L E NAMES, ALL R E F E R E N C E S  TO ‘X ’
11 C WERE LEFT UNCHANGED .
12 C THE C H A N G E S  TO ALLOW SORTING FROM LARGEST TO SMALLEST INSTEAD OF
13 C SMALLEST TO L A R G E S T  ARE COMMENTED.
14 C ALSO THE PRMFL MUST C O N T A I N  THE COUNTS FOR X V A L U E S  F R O M  L A R G E S T
15 C 10 SMA LLEST AS WELL.
16 C
17 I M P L I C I T  INTEGER (A—Z)
18 

— 
L O G I C A L  BI G2S MA L

19 D IM EN S IOr ~J XB 1N (2OOO).TEST (2OOO) .I~~(2 , 3 6 O O 0 ) - -

20 CO MMON BUFF (155,2).BUFPTR
21 DATA PRMFL ,INTA P,OTAP /23.1,2/ 

— --

22 DA TA FC/2/
23 C
24 C
25 C - - - -

26 C LIMIT —— SHOULD BE SET TO THE DIMENSION OF ‘IN (2,?)’
27 C -

28 DATA NUMBIN ,LIM !T,NUMPASS / 2000,36000,1O/
29 D A T A  LOWMS K / 0 7 7 7 7 7 7 /  - -

30 DATA FLIP / 0400000000000/
- - - - - - - - --- - - - -

32 C
33 C
34 C
35 C IN —— A R R A Y  FOR DATA SORTED A C C O R D I N G  t O X  — VALUES , w H I C H  IS THE
36 C PRO GRAM OUTPUT. EACH DATA VALUE CONSISTS OF 2 WORDS.
37 C —

~~

38 C XB IN (J ) — CONTAINS THE PROPER INDEX FOR A R R A Y  ‘ IN’ IN WHICH TO PLACE I
39 C 

- 

NEXT DATA VALUE WHOSE X — V A L U E  IS ‘J’ . 
-

40 C 
- 

SO IF ONE READS IN ‘ x • DATA ‘ THE DATA IS STORED AT
41  C 

- -  - 

IN ( X DIN (X) ) ,  A N D  X~~IN(X) <— X~~INC X )+1 SO THAT THE 
- -  —

42 C N EXT D A T A  READ IN WITH THE SA ME X — V A L U E  w ILL t~E S T O R E D
43  C 

- 

IN THE NEXT LOCATION IN 1N’ . 
— -

-

44 C
45   C T E S T  —— A U X I L I A R Y  A R R A Y  USED IN C O N J U N C T I O N  W I 1 H  X b I N  SO T H A T  A S PEC IA 

- -

46 
— 

C 
- - 

F L A G  C A N  ~ E SET FOR THE FIRST DATA V A L U E  OF A B OUNDARY IN EACH
47  C 

- - 

X B 1 N .  T H I S  A L L OW S  US TO REThGN IZE THE DATA IN AN X B IN THAT BE
48 C TO THE SAME BOUNDARY .
49 C
50 C THE PRMFL IS ASSUMED TO H A V E  TH E COUN T OF THE NUMBER OF
51 C DA T A  V A L U E S  FOR EACH XB IN , IN SEQUENCE. TO CONSERV E F ILE SPACE , EACH
52 C RECORD (IN B I N A R Y  UNFORMATTED) C O N T A I N S  THE COUN T FOR 10 X — V A L U E S .  

-
-

_ _ _.  - - -- - - - -- - 162 - - - -  -

_ _ _ _ _ _ _ _ _ _ _  

4
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78 02.353 - Y S 0 R T LAB

53 C 
- - ____

54 PASS = 0 
- - - -

55 E O F  0
56 C 

- - -

57 C BIG2SMA L —— LOGICAL V A R IA B L E  WHICH INDICATES IF ~ E S H O U L D  F ROM S M A L L E S
58 C TO LARGEST OR LARGEST TO SMALLEST.
59 C
60 R E A D ( P R M F L ) F I R s T X , M A X X , T O T P T S , B I G 2 S M A L
61 WRITE (6 .66) F I RSTX ,MAXX,TOT PTS ,BIG 2SMAL
62 66 FORMAT (’ INPUT PA RAMETERS ARE — FIR S T X,M A X X,T O T P T S, ’,
63 & ‘BIG2S MAL = ‘,318,L2)
64 WR ITE (O TAP )F IR STX .MA X X
65 STRT = F IR STX —1
66 IF (B !G2SMAL ) SIRT = 0
67 S T O P  = S T RT + 2
68 5 XBIN (1 ) = 1
69 INDEX S~~OP— STRT

21 _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - _ _ _ _i -
71 DO 77 K 1,iO
72 XB IN(INDEX) = XB IN(INDEX—1 ) + XBIN (INDEX )
7 3 I F ( X B I N ( I N D E X )  .GT . L I M I T )  6010 1 00
76 IF (IND EX .GE. NUMBIN ) GOTO 100
75 INDEX = INDEX+ 1
76 STOP S T C P + i
77 I F ( S T O P  .GT.  M A X X )  6010 900
78 77 CO NT I NU E
79 G O l D  6
80 C
ii C WE CAN HANDLE ONLY -XBIN S ‘STRi’ THROUGH ‘INDEX’ W ITHOUT OVERFLO W ING
82 C THE OUTPUT AR R A Y  FOR SORTED X ’S. 

____

83 C SO WE PROCESS THESE X BINS AND THEN GO BACK FOR ANOTHER P A S S  THROUGH

H 84 C THE D A T A  
— — ---- -- -5-- -- - -

26 100 B A C K S P A C E (PRMFL)
87 STOP = STO P—K— i 

-

88 101 PASS = P AS S+ 1  
______

89 CNT = C -

90 C
91 IF (BIG2SMA L ) WRITE (6,10) PASS, M A X X— S T R T ,  MAXX+ 1—STO P
92 

- - -  
IF ( .N O T . BIG2SMAL ) WR IT E (6,10) P A S S .  STRT+ 1 , STOP 

_____

93 10 FORMA T (//,2CX , ’THIS IS PASS #‘,13,’ FO R XB INS FROM ’ .I8,’ T0’,18)
94 I F ( P A S S  .G 1 . N U M P A S S ) S T O P
95 REWIND (INTAP) 

C A L L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  - -- - - -— - —-

97 DO 110 I= 1 , L I M I T
_ _  110 I N ( i  _ _ _  _ _ _ _ _~~~~___

99 C
CO 150 IF (BUFPTR .GE . 156) CALL READB ( INTA P, EOF ) 

- -01 IF ( EOF .EQ . 1 ) GOTO 200
R U F F (B U F P T  R. 1   

- - - —

03 D A T A  = BIJFF (BUFPTR ,2)
04 B U F P TR = H U F P T R+ 1  

_____________ 

~~~~~~~~~~~~~ -~ ra- 4 _  - ~~~~~~~~~-..S - _ — ______________________________________________

- 

. _ _



78 0 2 . 3 5 3  V S 0 R T 
- - - - - LA~ E

05 IF ( X .E~~. r .A D A T A  ~~6Q.  (1) ~ OTO 150

- 
C

107 UN IQ U E  = IRS (X ,1~~)
08 X = AMD (X,LOWM SK )
09 C

M O  C ** * *** * * * *~~~* * * * * * * * * ** ~~~* ** * * **~~~~~* * * * * **** * * * * ** *** * * * *~~~* *e * ** * *

Ill 
- 

C 
- - -

12 C THIS CH A N G E  CAUSES US TO SORT FROM L A R G E S T  TO SMALLEST
‘13 C 

- —

14 IF (BIG? SMAL ) X = M A X X + 1  — X
15 C
16 C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1? C  - -  -

18 I F C X  .GT . 0) GOTO 130
19 C  —

20 c D A T A  A BOUT TO B E G I N  A NEW B OUNDARY, SO WE R E I N I T i A L I Z E  TEST A R R A Y
21 C THE FIRST POINT OF EACH B O U N D A R Y  IN E A C H  X 3 1 N  GETS A S P E C I A L  FLAG
22 C 

-

23 DO 1 55  M 9 = 1 , N U M B i ~~ 

-

24 155 TEST (M9) 0
75  G O T O  150 

- - -

26 180 ADJX = X — S T R T

2? IF (AD JX .LE. 0 •flR . X .GT. STOP) GOTO 15)
28 

-  
CNT = CNT+ 1

29 INDEX = X B IN (A D J X )  
- - -  -

30  I F ( I N DE X  . L E .  L I F I I T ) 6010 234
31 WR IT E (6,235) X, OA TA ,IN DEX,A D JX ,XB IN(A D JX— 1 ),Xa IN (AO JX +1 )
32 235 FORMAT (’ IN DEX OUT OF RA NG E ’ ,6I8)
33 S TOP 

- - - -

34 234 IF (IN (1 ,IND FX ) .NE . 0) GOTO 800
35  I F ( T E ST ( A D J X )  .ME. 0) G OTC  18 8

36 TEST (ADJX ) = 1
3? C 

- - - -

38 C THIS DATA VALUE IS BEIN G FLAGGED BY SETT iNG THE F E A T U R E  C~~DE (FC)
39 C ——tHE LAST TWO BITS OF THE DATA V A L U E  —— 10 ZERO
40 C V A R I A B L E  ‘FC ’ IS THE VA L U E  FOR F E A T U R E  CODE FO R A R E A S
41 

- 

C 
- - -

42 DA TA = DATA — FC
4 3  

-- 

iRS IN (1.INOEX ) = DATA 
- -  -

44 IN (2,INDEX) = UNIQUE
45  X B IN(A D JX ) = INDEX + 1 

- -

46 G O T O  150
67 C 

- -

48 C W R I T E  OUT FILL E D  A R R A Y  OF SORTE D X ’S TO TAPE
49 C - -

50 
- 

?OO EOF = 0

Si W R IIE (OTAP) X B IN (1 )—1 
-

52  I F (X B I r - J ( l )  .GT . 1)
53 & W R I T E C O T A P ) ((IN(K .J),J=1,XBIN (1)—1),~~=1,? )
54 C
55 LENG = STOP—SIRT 

- -

56 00 250 I 2,LENG 
- -
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78 02.353 Y S 0 R T 
- - 

LAB

S7 D I F ~ XBIti (I) — XBIN (I— 1 )
58 WR I T E C O T A P )  DIF
59 I F ( D I F  .GT . 0)
60 ~ W R I T E (OTAP ) ((IN (K ,J ),J=XBIN (I—1),XBIN (I)—1),K=1 ,2 )
61 2 5 0  C O N T I N U E
62 

_ _ _ _ _  C 
_ _ _ _ _

63 W R I T E  (6 ,13) PASS,CNT ,XB IN (LENG)—1
64 13 FORMAT (’ 1N PASS #‘,I3,I1O,’ PTS WERE WRITTE N TO TAPE. WE USED’.
65 8 18.’ LOCATIONS IN THE SORTING A R A Y ’ )
66 S T R T  = S T O P  

_ _ _ _

67 STOP = S T O P+2

68 IF (DONE .EQ . 0) GOTO 5 
_ _ _ _ _

69 
— 

W RI TE (6,901)
70 901 FORMAT (/I/,2OX ,’#kHll# WE A R E  D O N E ’ )
71 S T O P
72 C 

-

73 C E R R O R
74 

_ _ _ _  C 
_ _ _ _ _ _

75 800 WR ITE (6,8O1) X .CNT ,XB IN (ADJX— 1 ),X BIN (A DJX ) .X BI~~(ADJX + 1)
76 801 FO RMAT (’ SORTING ERROR FOR X= ’,I6,5X,I6,’ POINTS AL R E A D Y
77 & ‘SORTED. XB IN VALUES FOR (A DJX— 1 ),A DJX , (ADJX+1 )’ ,3I8)
78 STOP
79 C
80 900 D O N E  = 1
81 STOP = STOP—i
82 W R I T E ( 6 . 9 2 1 ) I N D E X — 1 . X B I N ( I N D E X — 1 ) , S T R T , S T O P
83 921 FORMAT (//, ’NO MORE XBINS TO PROCESS. LAST BIN USED’ ,16, 

85 G O T O  101 
- - - 5  - — -- 5 - - -  - - - - - - 5 -- - — - -  - -  - —-

ORY E XPANDED. USE SLIM ITS OR CORE OPTION FOR NEXT RUN

_  

= 
_  

- 

-

_ _  
165 
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78 02.356 
- - 

L A B E L  -
-

1 
- -  - -  

S-J F3 R O t JF INE REA DB ( INTAP, EOF ) 
- — —

2 IMPLICIT INTEG E R (A—Z)
3 

- 

COMMO N PUFF(155,7),BUFPTR
4 C 

F 
-

S R E A D  (INTAP, EN D=QCC ) BUFF
6 BuF PTR = 1 

- - 
-

7 R E T U R N
C

9 900 E O F  1 - -

10 R E T U R N  
411 END 

-

1— - -- — — —  -

J~~~~~~~~~~~~~~~~~~

I

~~~~~~~~~~~~~ 

_ T
_ 

- 

-

- - 

- 
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12—7 9 14.449 B U I L 0

1 C B U I L D
2 C
3 C PROGRAM TO FIND ‘BOTTOMS’ AN D ‘TOPS’ FOR FIELDS WITHIN EACH
4 C X—BIN . FOR CONSTRUCTION OF D .BASE
5 C O U T P U T IS FOR EACH X — B I N  A SERIES OF RECORDS:
6 C (YSTART ,YSTOP ,CATE GOR Y )
7 C 

-

8 IMPLICIT INTEGER (A—Z )
9 D I M E N S I O N  OT (1500)

10 C O M M O N  I N ( 2 .5 00 ) ,Y ( 5 00 ) ,TYPE ( 5 00 )
11 C
12 DATA INTAP,OTAP,BOTTOM ,TQP /1,2.0.1/
13 D A T A  L IM iT  / 5 0 0 /
14 C
15 READ (INTA P ) FIRSTX ,LASTX
16 NUM X L A ST X — F I R S T X  + 1
17 WR ITE (OTAP ) NUMX
18 00 500 LOOP = i ,N U M X

19 C N T  = 1
20 READ (INTAP ) NUMY
21 IF (NUM Y .GT. 0) READ(INTAP) ((IN (K,J),J=i,NUMY),K=1,2)
22 W R I T E ( 6 . 1 O )  L O O P + F I R S T X — 1 , N U M Y
23 10 FORMAT (/.30X , ’< < < < L I NE ‘.15, ’ HAS ‘.14,’ POINTS’)
24 C
25 IF (NUMY .LE. LIMIT ) GOTO 95
26 W R I T E ( 6 . 3 0 )  L IMIT
2? 30 FORMAT (///, ’ * * * * TOO MAN Y POINTS IN THIS COLUMN. PROGRAM
28 & ‘DiMENSIONS MUST BE EXTENDED dEYOND ‘.14)
29 STOP
30 95 IF (NIJMY • EQ. 0) GOTO 300
31 S T R T  = 1
32 C
33 C
34 100 CALL $ORT (NUMY .STRT .STOP,CAT,UNIQUE)
3 5 OS IRT = S T R T
3 6 O S T O P  = STOP
37 IF (STRT .GT. NUMY )GOTO 300
38 ERR O
39 12 FORMAT (’CAT ’,I8.’ HAS’ ,I 5 , ’ POINTS, WITH RAN GE= ’,ZIB,
40 & • UNIQUE ‘,18)
41 C
42 120 IF (TYPE(STRT) .EQ. BOTTOM ) GOTO 200
43 E R R  = E R R +1

44 IF (ERR .LE. 1)
4 5 & W R I T E ( 6 , 1 2 )  C A T , O S T O P — O S T R T + 1 . Y ( O S T R T ) , Y ( O S T O P ) , U N I Q U E
46 IF (ER R .LE . 1) WR ITE (6 .19) (Y (I9) ,TYPE (I9) ,19=OSTRT ,O STOP )
47 1~ FORMAT (20 X.’T HE YVALUES AND CORR ESPONDING TYPES ARE’ ,/,12(18,12)
48 C
49 C C H E C K  FOR ADJACENT TOP AND BOTTOM O R IDENT ICAL TOP AND BOTTOM
50 C
51 N X T  S T R T
52 IF (TY PE (NXT+1 ) .NE . BOTTOM ) GOT O 121
53 IF (Y ( NXT ) •EQ . Y (N XT+ 1 )) GOTO 230

— 167
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12— 79 14 .449 U U I L 0

54 DO 1210 D J F F = 1 , 3
55 1210 IF (Y(NXT) +DIFF .EQ . Y(NXT+ ’)) GOTO 240
56 C
57 C

C THESE POINTS H A V E  TH E Ii~ TOP A~~D j~jTT0 i~ IN TERC HA ’JG LD
59 C SO AL L O W  THEM TO ~3E OUTPUT
60 C
61 IF (STRT+ 1 .GT. STOP ) (jOTO 121 -;

62 4RITE (6,4000)Y(STRT),Y($TRT+1)
63 4000 FORMAT ( /,5X, ’<*><*> W A R N I N G ,  THESE POINTS HAD TH E I R  TOPS A N D ’ ,
64 -~~ 

‘ BOTTO r~S I N T E R C H A N G E D  ,2I 6)
65 N X T  = S T R T  + 1
66 G O T O  250
67 C
68 121 WR ITE (6.15) Y(STRT) ,Y(STRT+1),TYPE (STRT+1)
69 15 FO R M A T (/,5X, ’**** BEGIN FIELD W /O bO TTOM A T ’ ,Ió,’ IT WAS IGN ORED ’
70 • NEXT POINT AND TYPE IS’ ,I8,12 )
71 STRT = STRT+ 1
72 6010 120
73 C
74 230 NXT = STRT+ 1
75 201 I F (N X T  .LE. STOP ) GOTO 220
76 ERR = ERR +i
77 IF (ERR .LE. 1) -

73 ~ WRI T E (6,12) CAT ,OSTOP—O STRT+ 1.Y (C )STRT) ,Y(OSTO P ),UNIQUE
79 IF (ERR .LE. 1 ) WRITE (6,19) (Y(19),TYPE (I9),I9 OSTRT,OSTO P )
80 WR ITE (6,20) Y (STOP)
81 20 FORM A T (/,5X, ’**** ENDED Wi t) TOP. THIS POINT IGN ORE D ’ .213 )
82 N X T  = S T O P
83 GOTO 290
84 C
aS 220 IF (TYPE (NXT) •EQ. T O P ) G O T O  250
86 ERR = ER R + 1
87 IF (ERR .LE. 1)
88 & WRI T E (6,12) CA T ,OSTOP—OSTRT+ 1,Y(OSTRT) ,Y(OSTOP).uN I~~J E
89 IF (ERR .LE. 1) WRITE(6 .19) (Y (1-fl,TYPE (19),19=OSTRT ,OSTOP)
90 C
91 C CHECK FOR A D J A C E N T  TOP AND BOTTOM JR I D E N T I C A L  TOP AN D BO TTOM
92 C
93 IF (TYPE(NXT+i) .NE. TOP ) GOTO 221
94 IF (Y(NXT) .EQ. Y (NXT+1) ) 6010 230
95 00 ~ 2OO DIFF 1,3
96 2200 IF (Y (NXT )+DIFF .EQ. Y (NXT+ 1)) 6010 240

C
221 WR ITE (6,22) Y (STRT ),Y (NXT )

22 FORM AT (/,5X, ’** 2 BOTTOMS IN A ROW ’,I8,’ AND ’ ,18,’ 2ND IGNORED’ ).
NXT = NXT+ 1

• 6010 201
C

I3~~ C TOP AND BOTTOM WERE ASSIGNED TO THE SAME V V A L J E  FOR THIS X - 6 1 N  SO
C IGNORE BOTH OF THEM
C

• 
~~5O W R I T E (6,2300) Y (NXT)

-- 

_ _ _ __j i~:~__.1_ _ _ __
~i~~



—
-~~~—~__. -~~~~~=- •—- --- ---- .-_-- - -—-- -~~~ ~~~~~—-—.-~~~~~~ ~~~~- - . —~~~

- 12— 7 9  14 .4 4 9  B U I L 0

107 GOTO 241
1 08 C
109 C
110 C ADJ ACENT POINTS WERE CALLED TOP AND BOTTOM . IGNORE THEM BOTH
111 C
112 240 W R ITE ( 6 ,240 0 ) (Y ( I ) ,T Y P E ( I ) ,  I = NXT, NXT+ 1),D1FF
113 C
114 C I G N O R E  THE TWO POINTS THAT WERE TOP AND BOTTOM AND EQUAL OR A D J A C E N T
1 1 5 C
116 241  N X T  = N X T  + 1
117 IF ( T Y P E ( N X T — 1 )  •EQ . TOP ) GOTO 290
118 NXT = NXT + 1
119 GJ TO 201
1 20 C
121 2300 F O R M A T  ( ‘  *** SAME POINT CALLE D TOP & BOTTOM AND IGNORED. Y ’ .I8)
122 2 4 0 0  F O R M A T  ( ‘  *** CLOSE POINTS CALLED TOP & BOTTOM AND IGMORED . Y .
123 & • VALUES AND TYPES W E R E ’ ,2(I8.I2 .5X). DI FF E RENCE OF ‘.12)
124 C
125 C
126 C EVERYTHING LOOKS OK. SO WRITE TO TAPE
1 2 ?  C
128 250 O T ( C N T )  = Y (STRT)
12 9 OT (CNT+1 )=Y (NXT )
130 OT (CNT +2) CAT + ILS (UNIQUE,18)
131 C N T  = C N T +3
13? 290 STRT = NXT +1
133 IF (STRT .LE. STOP ) 6010 120
134 IF (STRT .LE. NUMY ) 6010 100
135 300 C N T  = C N T— 1

136 W RITECOTAP) CNT
137 IF (C NT .GT. 0) WR ITE (OTAP ) (OT (J).J=1,CNT)
138 500 CONTINUE
139 ST OP
140 END

03—31—77 * * S R 4 J * *

( S E C )  .77 LINES/MINUTE 10801

NO DIAGNOSTICS IN ABOVE COMPILATION
WERE USED FOR THIS COMPILATION

169
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12—79 14. 450

1 SUBROUTINE SORT (NUMY ,STRT ,STOP,CAT ,UN IQUE )
2 IMPLICIT INT E GER (A—Z)
3 D I M E N S I O N  D E L E (1 5 ) , FL I P (1 5)

4 COMMON IN (2,SUO).Y (S0O),TYPE (500)
5 DATA M S K C A T  /0777777/
6 D A T A D ELE i2 ?0 7 ,22 15 ,422 7 , 12 * O/
7 C SPECIAL FIXES FOR FILE #1 ON 60116 (WA IERTOWN #1)
8 C DATA FLIP /126 ,499 .532 ,589 ,805 ,833 ,1170,1190 ,1118 ,1192 ,120?,
9 C & 1364,3*0/

10 C
11 DATA FLIP / 15*0/
12 DATA SIZEI3 /
13 C
14 C
15 1 STOP = S T R T
16 C A T  = AN D (ItJ (1,STRT) ,MSKCAT )
17 UNIQUE = IN (2,STRT)
18 DO 90 I 1,SIZE
19 IF(UN IQUE .EQ. DELE (I)) GOTO 300
20 90 C O N T I N U E
21 B O T T O M  = 0

22 TOP = 1
23 DO 99 II=1.SIZE
24 IF (UN1QUE .NE. FLIP (1I)) GOTO ~~
25 B O T T O M  = 1
26 T O P = 0
27 99 CO N T I N U E
28 C
29 5 STOP = STOP+1
30 IF (STOP .61. N U M Y ) 6010 100
31 N X T  = I N (2 .S T OP )
32 IF (UNIQUE .EQ . NXT ) GOTO 5
33 C
34 100 STOP = STOP—i
35 DO 200 l=STRT ,STOP—i
36 M IN ILS (IN (1,I),1)
37 NXT = I + 1
38 DO 190 J NXT ,STOP
39 NUM = ILS( IN( 1 .J ) , 1)
40 IF (NUM—MIN ) 150,140,190
41 140 IF (IN (1.I) .GT. 0) 6010 190
42 150 1 = IN (1.J)
43 IN (1.J) = IN (1,I)
44 IN (1.I) = I
45 MIN = NUM
46 190 CONTINUE
4 7  200 C O N T I N U E
48 C
49 DO 300 I STRT ,STOP
50 NUM = IN(1 ,I)
51 Y (1) = FLD (1,17,NIJM )
52 IF (NUM .LT. 0) TYPE (I) = TO P
53 IF (NUM .61. 0) TYPE (I) = BOTTOM

170 
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-1 2—79 14.4 5 0

54 300 C O N T I N U E
55 C
56 IF (STRT •EQ . STOP ) WRITE (6.?U0) STRT .UNIQUE.NXT
57 700 F O R M A T ( J , ’ * * * * SINGLE POINT FOR THIS FI ELD ,318)
58 R E T U R N
59 800 SIRT = STRT+1
60 IF (STRT .GT . NUMY ) RETURN
61 IF ( I N ( 2 , S T R T )  .NE. UNIQUE ) GOTO 1
6 2 GOTO 800
63 E N D

0 3 — 3 1 — 7 7  * * SR 4 J * *
( SEC )  .40 LINES/MINUTE 9366

NO DIAGNOSTICS IN ABOVE COMPILATION
WERE USED FOR THIS COMPILATION
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16.0a3 
- _______________

1 ~~M PL ICLT INTE G ER (A ~T)
2 LO~j1CAL EMPTY 

____ __________ ______ ______— 3 D I M  IO N LO G ( 1C , 100 )
4 C O M M O N  ~TMRT (1 OOO ),ST0P (iOUU ),L.~T t~uM (1UOO),JT (5OOO ) 

_ _ _ _ _

S COMMON /STK / S1A Cp ~(4,1C),TUPi6 C 
______ _____________ ________

7 D M T A  I N T A F ~, O T A P ,Y M I N ,Y MA X  / 1.2. 4~ O0.b 7O O I 
- -

- 
B __~~~~~~~ L IMI T /500/ 

_________  -~~~ - - ________

9 OMI A (jA R ,OVRLAP /1,2/
10 DATA LO~ MSk/ 0777777/ ________________  - -

11 C - -

12 T O P  =~~~~~~~~~~~~~~~~~ ____________________  
___________—________________

13 TORi = U
14 

— 
REA D (INTAP ) •4UMX_ ______________________________________

15 00 ~i~~76 1=1,3603
16 ~ 87~ R E A O ( L N T A ! - ) 

-_____ ____—-_______________________________________

17 C
18 C
19 C M A J O R  LOOP.
20 C
21 C LACH PASS CO t~ST~~UCTS A COLUMN (Xt3 1~1) OF THE C A T E t O R Y  o A T A  dAS E
22 C _______________________________________________________
23 oo 500 II = 1801,NUMx
24 LOOP = Ii ________- —~~~~~ - _____________________
25 YRAN GE Y M A X + 1— Y M I N  

-

-

26 DO 110 1 1,YRANGE _______________________________________
27 110 01 (1) 0
28 C _________________________ _________________

29 ~ EAD (LNTAP ) CN T
30 C(I T = C N T / 3  -_____________________________________________________

31 C
32 IF ( L N T  .G1 . C)~~R i T E (b,12) Lo~~P,Ct’~T
33 1 2 FORMAT (20X. ’X B I N  ‘,lo ,’ HAS’ .ii.’ FIE LDS’) 4
34 IF (CN T •EU. 0) GOb 450 _______________________________________________
35 IF (CI.T .LE . L I M IT )  ~,0Tu 1 1 .~
36 wRI T E (6,114) 

______ 
______________________________________________

37 1 1 4  FC RMAT (’****** ****A **** L1i .~IT MUST bE INC R EA S E D  *** ** * * ‘) -

38 S T O P  
--_______ -_____ _____ __________________________________

39 1 1 3  REA & (LNTA P ) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
40 34 FORMAT (5 (216,1X ,O12 ))
41 IF (CNT .61. 1) C A L L  S O R 1 (C~’U)
42  F i E L D  0 _____________________________________________________
43 C
44 C INNER L O O P  _ftE~~6c OATA FUR M ~ I~~G LE SIAN LINE
45  C

— 
46 50 F1~~Lu_~~~f~~~L D+ 1  -

47 jTI~TFL ( = ST A R T (F J E L D )  -
-

48 S T H ~LU STUR (F 1EL I~) __________________________________
49 CAT  = AND (CA Ti ~UM (F 1ELD),LOw’1 S~~)
50 J~~ItMUE LR S (CA T~~uM (FIELD),io) ________________________- --________

52 Ii~( F I E L o  .E. C~sT) 00 
_____________________________

ii i ~~1i____ 1I1 -——

~~~~~~~~~~ 

— - 5 - -

-

- 
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7-?8 Th~~~~3 
- - _  _  _

-~X~~~~~~IEL O + i 
—-5 --— -- ___  ______

54 UN1~~~X T = Lk S (CA 1~~UM (NX I ),1~)) ___________  _______

55 ~X T C A T = M N D (CM T r uM(1 ~xT ),Lu~~~~ k)
56 C 

_________ ______________________-

5a C 
____ __________ ____

~~~5 V c  Tt ~L S Fi t~..G E~ CLc~~~~iIt ~-, EX T F I~~~ T 5  FIL[ 10 S T A R T  o1 ~ EXT fltLD UIj
60 C T~iE C ft1E~~~kY OF PUEStNT FIELO. AL~~u 3A ~~ HIZS fIELD O.~ THE STACK

C FOR ILL ON E X I T  OF TH~~~EI~C L J~~LU FI~~L~~~S~
62 C 

_______ ___________— 
63 ~~cAIC ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
64 

___  
If (S1PfLU— STOP (~4xT ) .61. 7) ______ ________________

65 s tALL PJSH (STRTFLD.5TPFLu, T,U.~I~~U~~) 
—-________________

66 GUlU 50  _____________________________ ______ __________

67 C
C Co:<~~tNT F I~~LO uOES ~t)T t;~cLOSt i~c X 1  FItLO , So 

~~~~~~~~~~~~~~~~~~~~~ OV ~~hLM~~, Y 7 ~A J ~~~~A GA ~ ~ E I w ~~LN THE -i .
70 C 

__________ _______ _________________ ________

71 C < * < * < * - * < * i~ O T t A i ~ k F f ~~ RL N I E F ~ S E V E N T C E L~~T O K  L E S S
72 C 

- 
Twu GO UNDA kIES iS CO~~S Il~~RLU A D IGITI Z I NG ER~~O r~ A ’~u THE

73 C FIE L t S A RE i~At )E TO Nh TCt~ C X A C T L Y
74 C

75 C
76 200 D Ir = STA R T (i~XT

) — STPFL &) _____________________________________
7 7 -- 

T~T~Tr .~~~ T~~7~T 5 T ~~ 3 0  
— -

7~ C
79 C T I1ES~ i W u  F IELDS OVERLAP. IF IT IS S1(,NIFICANT AN E~~RUR IS RECORDEi

• 80 C 
____ _____________ 

______________________________________________
61 If (OlE .LT. —7)
82 ~ CALL PROL, (UVkL,P,LUUP,~~TPFLy,u.I~~(.jE,STA kT (I~XT ),UNI-~NXT, .FALSE..
83 

— 
& CAT ,NX ICAT )

CALL FILL (STRTFLO ,STAR T (NX I ) ,CAT , L ,Y~~L~~)
85 ~ u T 0 50 —_____________________________________________________

86 C
T7~~~~~~ c cT~~ A uA ~

-
~ 1wC Ei~ T1IE~ NrC~ 0~

C 
_____ __________  _____________  _____ ______

89 Tt~J IF (~~i F .  ~~fl~~~i~~~T1TJ - 
-— - --

90 C _______________________________________________ 
________________ __________

#1 C i d S I G ’ J 1 F I C A~~T GAP , SO t A ~~ IHE F~~ELu~ i-~E L T
92 C _____________________________________________________________________
93 C6i~[i iLL (STRTFLU ,S1 A R T  (~~XT ) ,CA T ,UNitthE, YMIi~

)
94 QUIu 50 _______________  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

95 C
96 C . IG.~ I F 1 C A ~sii GA P.  P E R H A PS  T H E R E  I - ~ A LA Ith~~i~ F I E L D  E •JCLO~~1~~G T H E S E
97 C F IEL o~ *I~ICH W ILL FILL I~ T H IS ~HEA.
93 C C H E C F ~~T t th  S T A C K  FOR THE ciê CL O SI ’4u F1~~L~ P A kA à M E T E R S .
99 C

100 
________ 

310 CALL FI LL ($1 r~TFLD,~~Tp FLo,LAt ,U ,,1~~u~~, Y~ t Ib ~)101 311 CALL  PUP ( 5 T ~ 1,51P ,CMT 1,UUL4 .~~i P T Y )
102 LtVL LEVL +1 _____________________________________________
103 IF (L.1PIY) GOFu 390
104 IF (SIR .LT. STPFLO ) 6010 3o0 

_____

______ 
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105 STRTI L D = STPFLt ) + 1 
-

~~~~~ 

____________________ ______ _______

106 S T P F L U  = STP 
_____ ____ ______

~~

-

~~~
- 107 6010 55

- 106 C  
_____ ______ __________________ _________

109 380 IF (TOP .i~~. 0) GOTU 381
~~~~~ 110 TESI = LLS (UNI~~,1d ) + U~~I~~UE

111 DO 383 ii =1 ,TOP •

112 If ( TES T .NL. LOG (1,M1)) 6010 3~~3 _____ _______

- 113 LOG ( 1G, i i l ) = — L-J0 (10,Mi)—1
114 6010 311 

__________ _____ _____________________

115 383 CONTINUE
116 C

- 117 3o 1 T OP = T OP + 1 
- I ,

- 118 LOG (1,TOP ) T E S T
119 LOG (2,TOP) = STRT
120 LOG (3,TOP) = SIP
121 LUu (4,TUP) CAT
122 L Q G ( 5 , T O P )  STR I FL O

~~~~~i23 LOG (o,TOP) STPFLD
124 L O G ( 7 s  TOP ) = C A T
125 LOG (8,TUP) = STA RT (i IXT )
126 LOt,(9,TOP ) = AND (CMTNUM (NXT ),LO~~,iSK)
127 LOG (10,TOP) = —1
128 6010_ 311 _______________________________________________________

~ 
129 C

~ 130 390 CALL PRO 3 (GAP,L ,STPFLD,U;~ 1WUt ,STAkT (I~XT ),0NL~~~XT,.FALSE .,

-~ 132 6010 SC 
- ________________________________________________‘- 

131 & C A T .~~X T C A T )

133 C
~~. 134 C WE HAVE REACHED THE LAST FIEL D IN IMIS SCAN LINc .
~~~~, 1 35 C CHECK THE STACK TO SEE IF THERE ARE A NY ENCLOS ING F I E L DS  R EI IA I N ING

~1 136 C
137 400 CALL F IL L (STR1 FLD .STPFLO,iAl ,U~~L~~UE,Yi11N)
138 CALL POP (STRT FLD,STPFLD,CA T.UNj- ~UE,(,4PTY)

-
‘ 139 IF ( . N O T .  E M P T Y )  uOTO 430 -

140 450 WRI1 E (OTAP) (OT (i9),M9 ~~1,Y~~AN GE )
• 141 CALL P,~u d (DWi.LOOP,STkT,UNI~~UE ,STP,UNi~gNXT, .TRUE .,

142  & C A T . N X T C A T )
-~ 143  C

~ 146 C
145 Ml 1
146 707 IF( Ml . iT.  TOP ) 0010 5(JLJ

— 

147 IF (LOG (IC,M1) .uT. 0) ~~~~~ 705
148 LOG (1O,P~1 ) = —Lut, (10.M1 )
149 iii = Ml + 1
150 ~iOT O 707 —— -________________

151 705 W R I T E (o,?Oi ) (LOG (M2.Ml),.~~=j,1Q )152 701 F O R F I A T ( / ’  E 1~CL O S 1f-J G F i E L D  sTRI ,STUP,CAT ‘,3I6,’ E N C L O S E D  ‘
‘

153 & ‘FlEL i.~ STRT .STJP#CAT ~~ .3I6/r .)U.’NEXT fIELD STRT ,CA T ‘,216,
154 • LENGTH OF ERROR ‘,16)
155 DO 720 M2 1.10
156 720 L O6 (M 2 M 1 ) = LOG (M2,TOP )
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--- 

_ _ _ _ _ _ _
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T7— 78 3 - _____ ______

1 
- 

SU~~kuU T 1t~E P t ~(TYPE,X~~IN,S1RT,UNiUUZ ,STP,LJN1QNX1~,EOL.
2 C A T ,N XTCAT ) 

______ ____ __________ ______ _______

~ 3 T L ~~T i ~~~ R (A~~) 
- _ _ _  _ _ _ _ _ _ _-- _ _ _ _  _ _ _ _ _

4 
____ 

L O G IC A L E UL 
________

~ 5 ~~~~~~~~
6 DIMEN SION LO o (2.b,1(J3),TUP (c)
7 A l A MKX,GAP,OVRLAP l10p ’~T,2r 

-

8 D A T A  M A S K  /o777777/ 
___________ ___________

C H A R ( 1

~ 

(ii~P ‘ 
-

1 0  C H A R (2 )  = ‘OVR LAP ’ 
_____ ____ _____

12 IF (EuL ) 6010 500
i 13 W I D T h  IAeS (STP—STRT )

14 IF (TUP (TYPE) .GE. MAX ) GOTu ~0U 
______________

15 IF (TOP (IYPE) .EQ. 0) ~~OTO h G  
—_______________

16 T E S T  = 1LS (UN1 (~UE,lb ) + UNi~~N X T  
___________

17 — 

DO 100 i=1,TOP (TYPE )
H 18 IF ( TE ST ~~~~ LOG (TYPE,1,I) ) G u T C  200

19 100 CONTINUE
20 C 

___________ ________________  _________________________________

i 21 C THIS IS A N~~ PRUL3 LE;1 SO O UTP UT ERRu R ME SSAOE AND RECORD IT ON LOG F l
• 22  C ____________— ___________________

-~~~~ 23 110 C O N T iN UE
24 C 

— ~J R I T E ( 6 , 1 C )  C r t A P~( 1 Y R E ) , S T R T , I A ( S T P S T r . T) , u N l O U E,U ’ 1 I~~N X T
25 10 FORMAT (/,1X ,A6, ’ Y S T A R T  A Nu ~ Iurt4a ’,
26 216,2X, T nE F L c L O S  AR~~’,2j~~) ________________________
27 TOR (TYF’E) i~~P (TYPE)+1
28 LO 0 (TYFE,1,TOP (TYPE )) = l EST 

_________________ _ _ _ _ _

- 29 LOG (T Y i~E ,2 .TOP (TYPE)) Jt.i~~i~X T  - _________________—_____

30 L0~~(TYPE,3sTUP (1(PE )) = £ LS ( X~ii ~~l ,1~~~~) + ~TRT
-~~ 31 L U G ( T Y P E , 4 , T O P ( T Y P ~.J) w l u r H
~ 32 LO tJ (TYPE,5,1OP(IYPE)) = CAT 

_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____

33 LOG (TYPE,o ,IOP (TYPE )) N X T C A F
34 

_____ _______________________1 35 C -

- 36 C T H I~ PRO~.j1 E LX IS TE~.i I N THE PhE~~ijU -i L L N L  SO 00 N O T  RE,-~~~~A F  ERROR MES
- 37 C -

38 200 I I (~~I0TH $ Lo, (IYPE,4,I) .~~T ‘)__GulU ~~O 1 
______ ____

39 LUG (TYPt.i4,L )
40 RET Lflffi 

_____ ____________ __________

41 201 LuG (TYPE,6,i) =
42  ,~ E b U R I -4 

______ _________ ______

43 C
44 C END of LI~~~. - _____ _______ ____ ________ _________________

45 C OU T PJT I~LS SA 0E FU R flIUSE PKOuLt1I S FU UI~U l- J  P~k~ vI~.~US LL .~E ~3UT NOT
46 C R E P E A T E D  i ;~ T H IS L i .-~E . ________________ 

-

47 C
- 

4-8 S00 TYPE = ~MP _________ __________ ______

49 501 Lo OP = 1
50 5 10 i~ (Lu~;i- .:~i. TOP (TYPL ) ) ~0Iu ~iOU 

________ ______

51 IF (LOU (TYPE ,4,LUuF~) .u 1 ~) u’jtJ ~5u
~ 52 oL L~X IhSCL UotIYii ,3 .L )UP ),1o ) 

— ____ - —
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53 T H ~~~~~~~~~~~~~~~~~~~~~~ 

OLti Y A~~t)( L O u ( f Y R L , 3 , L O 0 P ) .A A s I~) 
_____ _______—

~

55 L u G ( T Y P E , 1 , L~~OP) = IRS (LOG (TYPE ,1,LGUR ),ló )
S6 If(LE~~oTH .uT . ~~ ____ ____ ________

S ~ k i T E ( 6 , 5 C ~ ,) Ch A rC ( T Y P E ) ,  (~.~~i,( t ( Pt , i c , LO 0 P) ,~~~ 1,2) .
58 ç (LuG (TYPE,K,LUOP),K ~~~,6),
59 ~ LLN G TH , L06 (T (PL ,4 ,LUOP ) , O L O Y  - -

60 Su Lj  F ( j RMAT ( / 2 X ,A 0 ,  b E T w E E N  F I c L D $  .218. CAT, t.XTCAT = ,21o.

• 61 .~ LEf~L~T H OF ERRGr ~~’,Io,’ lAX wIo TH ~~ ,I5,’ Y~~TA ~’CT ~~,I 6)62 uu 20 I~~1,o _____ _______________ ______________________________

52 0 LUu (1YPE ,I,LOOi~) = LO0 (TYPL,1.TuP (TYi~
[ ))

-— 
TGf’(lYi-’E) _ TOP (FYPE )—1

85 LF (TOP(TYPE) .14. 0) GuTO oUO
66 ~OTu sio
o7 C
66 SSO L O o ( E Y P E ,4 , L O O P )  =

89 LO O P  = LOOf ’+ l
70 uU IO S i t) 

_____ __________ 
________________________________________

71 C
72 600 IF (TYPE .EQ. U~~RLA P ) r~ETJ RN
73 T Y P c  = JV R LA P
74 5010 50 1
75 ~00 W R IT~E (6,~SOi )76 801 FURAAT (I/ /’ ****** ** SThCK S ILt 1XC tED E~ IN 3u~,R0U1IN ~~~)
7?  S T o P
78 ____________________________________________________________
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1 7-7 8  16.088  LA

SUb ROU T iNE FILL cbEG,END,CAT ,ONIJJE,c,TKSY)
2 IMP L i C I T  iNTE GE R (A—Z ) 

______ _________ _____— —  3 COM M ON STRT (i000 ),STOPT1 ~ J ) , C A I ~4 u M ( 1~~~tJ) .uT (50O0T — -

4 C 
_ _  _ _- 

VAL UE = IL S (UN IQUE ,18) + CAT 
____-

6 LF (E.~4D .LT. bEo ) 6010 800 
___________  _____________

7 F I R S T  = bEG +1 — bIASY -

8 LAST = END +1 — b IA SY 
_______ ___________________

9 I~~ LAST  .GT . 5000 ) W R I T E ( 6 , d 9 1 )  b Eb , E ND , LAT , UNIUUE , 8 I ASY
10 891 FORMAT (’ EXCEEDED YRA N~,E. 6EG , END , CAT , UN IW U E ,d 1ASY ,618)
11 Do 100 I= FIRST.LA ST
12 130 O T t I ) = ~iAL UE 

-~~~~~ -

13
14 C __________________  ____________________

15 C
16 800 WR I T E (o,801) b~~~,END,CAT,UN i~~UE
17 oOl F U R N A T (//, ’**** ER~~0R 1,~i FILL — dEb,ENO,CAT .UNI~4UE ’,4I3)

18 Rc TURN
19 EN D

— --5--- - -5 —-_ _ _ _ _ _ _ _

- _ _ _ __ _ _ _-  _ _ _ _  ___-  - -

- 
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1 SO u RO UT INE SGRT (CNT)
2 IfI PL IC IT INTE GEt (A— i.) ______________ ________________________________

3 COt i~ ut~ $T RT (1O00).SiOP(10U0),CATi GM (1UO~.i).UI (5000)
4 C 

_ _ _ _ _ _ _ _ _

5 Do 100 I= i , L w r — i
6 

_____ 
Mite S T R L (I ) 

_____ 
______________________________________

7 1+ 1
6 _____ 

c~o J~~3Eu.C~’1T
9 IF (MLN .LE. STRT (J)) ot~Tu ~~

10 ~lI~ = S T R T (J ) 
_______________ _______ _____

11 STRT (J) STRT (1)
12 STR1 (I) = M u g  _____________________________________________________
13 T=STOP (J )
14 S T G I - ( J ) = S T O P ( L )
15 SiOf (I ) T
16  1 CATNUM (J) 

________ ______________

17 CA TN UM (J ) CATNUsI (I )
18 C A T ~~UM (I) = I
19 - 

90 CUNTIMJ E
20 100 C UI~T IN UE 

_________

21 RLTU. N
22 EN D _______________________ _______ ______________________ 
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1 7— 7 8  16.3d6

1 SUBROUTINE Pu5H (STRT,STUP7~sT,u.1IGuE )
2 IMPLICIT iNTEo~~R (A—I) 

_______ ____________ ________

3 COMM oN /STKI STAC K (4 ,10) 10P
4 C 

_ _

S U M I A  L I M 1 1 I  16/
6 T O P  = IOP +1 

___________ ______________ _____ _______

IF (f~W .oT. Lir17T G~~10 ~c0C 
- —_______

_ _ _ _ _ _ _ _ _ _  - 
STA CK (1,TUP)=5T ~~T _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

9 STACK (2,T (1) STOP
10 STAC K (~~,TOP ) CAT 

____ _______________________________

11 S1ACK (4,TOP) U~~IUUE 
—I

12 R E T U R N  
-

13 C
14 600 4RiTE (6.~ O1 ) 

_______ 
__________________________________________

15 301 FORMA T (// . ’**** STMCK 0~d E R F L O w  * * * * * * ‘)
16 STOP
17 END

_  

- _  _ _ _ _ _ _ _ _ _ _
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.F I P L I C L T  INT ELE~ ( A — I)

3 LUGICu L  EMF’ I Y
- 

4 
- 

C OMMON / S T K i S 1A C p ~(4,1Q),TuP 
- - -- ______

- 

C
6 L~~~iuP .GT . U ) oOTU 100

- 7 EMPTY .TRUE .
8 R E T U R N  

_______ _________

9 C
- 10 130 EM PTY = .FALSE . 

_____ii S T R T  = S T A C ~c (1,ToP)1 2 srO~ =

13 
— 
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16  RETURN
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C.O SPECIALIZATION OF THE PSM PPI IMPLEMENTATION TO THE RADAR SYSTEM

The general PPI radar simulation model described in Section 1.6 was

specialized for a specific “real-world” application . The application selec-

ted used a PPI radar wi th a Correlatron* In a terminal guidance configura-

tion for a ballistic missile. This was selected as a quantitative test

of the PSM because simulation results were to be tested versus actual radar

data collected over the target site by the same radar as well as being

simulated. The test involved specializi ng the PSM for the guidance radar

parameters and scan format, building a data base of a specific target site,
producing simulations, and testing these simulations by using the Correla-

tron to measure the two-dimensional cross-correlation between them and

actual radar data collected over the same site. A FORTRAN listing of this

specialization is presented and dicussed in Section C.4

C.1 Correlatron

The Correlatron is an electronic device which externally resembles

a television camera tube, but its internal construction and function are

quite different6. The function of the Correlatron is to accept two voltage

inputs (Vs and VR) and determine the cross-correlation (R v ~ between them.VR S

This is shown conceptually in Figure Cl. In this figure, the Correlatron

Is shown as an electronic “black box” having two Inputs and one outout.

One of the inputs is shown to be an actual radar image and the other a simu-

lated radar Image produced by the PSM.

*Correlatron is the name of a two-dimensional cross-correlation measuring
device manufactured by Goodyear Aerospace.

6Klass , P.J., “Guidance Device Set for Pershing Tests,” Aviation Week
and Space Technolqgy, 12 May 1975.
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The video output voltage (VR(x,y,t)) of the radar receiver is applied

to Intensity modulate a LED (Light-Emitting Diode) corresponding to the

signal strength of the target echoes recieved. Quoting from Klass6, “This

beam of light impinges on the photo-cathode to generate electrons, which In

turn are caused to scan by the Correlatron deflection system so as to ‘paint’

the equivalent of the “real-world” radar display on the storage screen.”

Klass6 further states that the electrons emitted by the photo—cathode “

are then attracted to a dielectrically coated fine wire mesh that is at a

positi ve potential so that the image is stored on the mesh in the form of

many different electrical charges. Typical ly, the mesh consists of 500 to

1,000 wires per Inch , but up to 2,000 per inch have been used to achieve

extremely high resolution.” -

Once the real image is placed on the storage screen, then the s imulated

radar image produced via the PSM is projected onto the photo—cathode and

the resulting pattern of electron mission is deflected to correlate it with

the real-world radar image on the storage mesh. In Figure Cl, the simulated

radar image input to the Correlatron is shown as a video voltage (V5(s,y)).

This is conceptually accurate but not precise. The simulated radar image

is actually provided as a photograph to the Correlatron by optically project-

ing a transparency onto a photo-cathode. The electron current produced by

the photo-cathode then produced the voltage, V~.

-: In this way the Correlatron produces the cross-correlation between

actual and simulated radar Images. The output of the correlation, Rv v (x,y),R S
is illus trated conceptually In Figure Cl. Guidance Information is derived

6Klass , P.J., “Guidance Device Set for Pershing Tests,” Aviation Week
and Space Technology, 12 May 1975.
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from the X- and Y-offset of the match point relative to the absolute coordi-

nate system in which it Is measured. The simulated radar image is said to

be “good” if the cross-correlation peak, the match point, Is greater than
a threshold value.

C.2 Specialization Considerations

The first step In specialization of the PSM to model the terminal guid-

ance system was to attempt to describe the operating parameters of the PPI

radar , itself (i.e., specification of the simulation parameters). However,

limited information about the operating characteristics of both the radar

and Correlatron was available. Therefore, In the absence of system design
data, the guidance simulation software was developed asstaning an idea l sys-

tem. For instance, the PPI radar (for simulation purposes) was given constant

azimuthal gain between its 3 dB points with no sidelobes (an aspiration for

• any antenna designer~). The elevation pattern was chosen to be (csc2B)(cos 8),

where ~ is the depression angle. Past the rf portion, the receiver of the
ideal system was made to map linearly the received power into video intensity.

A realistic film transfer characteristic was employed (logarithmic) with a

linear dynamic range Of 20 dB. Outside this range, ei ther in the “toe” or

“shoulder” of the exposure curve, lack of sufficient exposure or saturation,

j respectively, woul d result.

It was secondly considered whether there should be additional modifica-

tions made to the guidance simulation model to account for the presence of

the Correlatron. The Correlatron was assumed to have Identical paths for

both the simulated and actual video vol tages. The process of converting a

simulated radar scene stored on photographic film to a video signal was

185
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assumed to be l inear. Identical tests run at different times were assumed

to result in the same degree of cross-correlation. All of these criteria

were assumed for the Correlatron.

C.3 Geometric Considerations

Compl icating the situation for specializing the PSM for simulati ng the

guidance system was the fact that the direction of approach to the target

was not specifi ed. To optimize the chances of high correlation and to

a llow the simulated radar scenes to be useful for any radar posIti on and

angle of approach, it was necessary to make them as nearly onmi-directional

as possible. This was shown to dictate a nadir-looking antenna because of

the angular dependence of both radar shadow and the backscattered fields.

The only information about the system availabl e before either constructing

the data bases or the simulated radar scenes was: (1) the simulated scene

alti tude, and (2) the corresponding diameter of each simulated image. Thus ,

each image was formed with the radar centered over the site and looking

radially outward as though its trajectory was, at least momentari ly, vertical

- - to the Earth.

Figure C2 illus trates the image format of the guidance radar being

employed in comparison wi th an ordinary PPI radar scan format. Data are

recorded by the guidance radar for a full circular sweep of the scene

instead of the usual sector associated with PPI radars. The ground imaged

by the radar beam is within an angular ring bounded at the near range by

35° (incidence angle) and at the far range by 65° with the scene within 35°

blanked out, creating a “hole” in the Image. The guidance simulation model

does not produce Imagery in exactly this format because of: (1) the likel i-

hood of centering and angle-of-approach errors, and (2) the use of the

Correlatron as the diagnostic device.
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Figure C2. Special PPI Image Format.
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The direction of approach of the missile and its PPI radar and the

center of the real imagery, being unknown before forming simulated scenes,

migh t occur any place withi n a circular region of the target depending

upon ballistic guidance variables . This presented a formidable problem

for the simulation software because the simulated scene had to be capable

of a high-degree of cross-correlation with an actual Image centered any-

where within a certain tolerance radius of the target. To ascertain that

the actual video data would fal l well within the simulated scene at the

maximum angle of approach (measured from vertical) an allowance was made

which would enlarge the simulated scene radius. These considerations

dictated that the simulated image boundary extend to about 75°. These con-

ditions (uncertainty of approach and center of the actual PPI video signal)

imposed necessary conditions on the simulation effort: (1) no “holes ”

were allowed in the reference scene even though one existed in the real

data; (2) the simulated scene must be larger than the actual PPI scene to

accoimiodate “center ing” errors; (3) angles of inc idence of the actual data
were in the range 350 to 650, meaning all of the simulated scene should also

be in that range even though the actua l geometry 0f the reference scene

would decree a range from 00 to approximately 750•

The difficulties caused by look-di rection errors could be of severe

magnitude. If the PPI radar approaches the target off course, then look-

direction errors between real and simulated scenes between 0° and 1800

occur. Look-direction effects are most significant in ground scenes having

considerable local relief because the direction and length of shadows (and

layover) in radar images are determined by the look direction. Figure C3

Illus trates the problem for a look-direction error of 1800 between the real
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and simulated radar image. Test sites having significant local relief

variation would appear very different depending upon the direction of

approach of the real PPI radar. Fortunately, the test site used in this
work had only a modest amount of loca l rel ief, so thi s is one problem whi ch
was not tackled. But it certainly warrants attention if a test site hav-

ing a considerable amount of local relief is selected at some point in the

future.

Other aspects of the di rection problem were treated and their impacts

minimi zed in the software implementation of the simulation model. As should

be obvious from Figure C3, as the look direction changes so also does the

incidence angle change. As is wel l known , ground radar return data (ce )
for the same target varies by many decibels over the range 00 to 750 inci-

dence angle. For this reason, the reference scene simulation software could

not be set up to produce a simulated image according to the actual geometry

of the problem. If this were done, even if the 65° ci rcle shown in Figure

C3 happened to fall always on the same category and thus woul d be a constant
shade of grey in the real image, the same 650 circle would trace out a path

on the simulated image which could conceivably vary from black to white.

In the range of incidence angles in the real image, 350 to 650, most

radar ground return curves are relatively smooth and have relatively shallow

slo pes (nothing factual or quantitative implied here, this is a qualitative
argument). The antenna function in the range direction (look-direction)

over this same range of incidence angles tends to compensate for the slope

of the i0 data, producing for a number of ground return categories a rela-
ti vely uniform return, thereby minimizing the problem caused by different
look-di rections. For these reasons it was decided that the minimum angle

of incidence in the simulated scene would be 350 and the maximum would be

750~ The area in the scene lying between 350 and 750 angle of incidence
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was simulated normally. The area lying within the 35° circle was simulated

as though th.~ angle of incidence was a constant 35°. This solution did not

attempt to model the real s i tuat ion exac tly, but rather did attempt to mini-

mi ze discrepancies between the simulated scene and the actual data produced

in flight. Th is is not to say that loca l slope var iations were not accounted

for; they were indeed, incorporated. What is meant is that the incidence

angle (o) between the antenna “boresight” and the loca l ver tica l was always

i n the range 350 to 750~ Local s lope var iations then correctly al tered

the inci dence angl e to the local incidence angle (es). In fact, the limita-

tions imposed on mimimum values of e~ come strictly from the local rel ief

in the scene.

This solution to the angle of incidence problem created data handling

problems for the computer program, and data base problems. For instance,

350 angle of incidence specifies a resolution cell size for short—pulse and

narrow- bean~iidth radars . Yet , the geometry of the data base indicates that
• as data base cells get closer to the center (in polar coordinates), they get

larger in the range direction and smaller in the azimuth direction. This

problem was minimi zed by accurately modeling another feature of the real PPI;

it recorded data in ground range mode. Ground range mode means that (for a

flat Earth) equal size objects located In the near and far range will have

equal sizes in the image format. This is normal ly accomplished by applying

a nonl inear sweep to the electron beam of the viewing CRT (Cathode Ray

Tube). But for simulation purposes, it simply meant building the simulation

data base with equal size cells in the range direction . It should be noted

at this time that in the presence of terrain having significant relief,

ground range mode introduces large distortions, a fact to keep in mind for

such future sites.

191

LI~~ ~~~~~~—- -- _ _ _ _



_ _ _ _

— -. —-- — -- - -  -

In suninary, the general PSM radar image simulation model was specialized

to the special requiremen ts sunnarized in Table Cl which were Imposed to simu-

late scenes for use on the Correlatron. A FORTRAN software listing of the

imp lementation of the simulation model is presented in the followi ng section .

C.4 FORTRAN Listing of PPI Computer Programs
The computer programs for the guidance PPI are provided in the following

three sections :

C.4.1 Polar Conversion

A. Polar Create
B. Po lar Array
C. Array Fix

C.4.2 Reference Scene

A. Power
B. Greytone

C.4.3 Rectangular Conversion

A. Rectangular Create
B. Rectangular Array

- C
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TABLE Cl

GUIDANCE IMPLEMENTATION SPECIAL FEATURES

(1) 3600 PPI image scan format
(2) S imulated area was larger than the real image to a l low “centering ”

errors

(3) No holes al lowed, the reference scene was completely filled-in
with radar image simulations

(4) Minimum angle of incidence = 35°

(5) Max imum angl e of incidence = 650

(6) Local angle of incidence was properly treated

(7) In the reference scene, the area between 0° and 350 was s imulated
at a cons tant 350 angle of incidence

(8) The area between 350 and 750 was simulated normally

(9) Var iations due to angle of incidence di fference between real and
simulated image were minimi zed

• (10) Simulated scenes were formed in the ground range mode

(11) Layover and shadow were properly included

(12) Local slope variations in the terrain were properly included
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C.4.l Polar Conversion Computer Program

This computer program was written in FORTRAN for implementation on a

Honeywell 66/60. It consists of three subprograms:
Page(A) Polar Create 

197
(B) Polar Array 203
(C) Array Fix 207
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C.4.2 Reference Scene Computer Program

This computer program was wr itten in FORTRAN for implementation on a

Honeywell 66/60. It consists of two subprograms :
Page

• (A) Power 211

(B) Greytone 217
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C.4.3 Rectangular Conversion Computer Program

This computer program was written in FORTRAN for implementation on a

Honeywell 66/60. It consists of two subprograms:- Pate
(A) Rectangular Create 222

(B) Rectangular Array 224

-1 1

1 j
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V3—78 - 09.801 - - 
PCL -~~ CR EAT E 

-- - - —  - 
~~~~~~~ 1

T C ~OL~UC1U~~TC - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2 C
3 C T H I S  P R O G R A M  A C C E P T S  D A T A  Po i u r s  (i~E C T A ? J G U L A R  F O R M A T )  FOR~ INPUT
4 C AND C R E A T E S  THE R E S O L U T I O N  C E L L  S I L E  I A T R I X  IN PO L A R  C O O R D I N A T E S
5 

- - C T0  BE USED A S  DAT A~~~A S E  OR TWE Sr ~1JL~A TTU N PR0G~ AM~ 
- - - - - -

6 C
7 C -. - - - - - -

8 I M F L I C IT  I N T E G E R  (A— Y)
V - - EAt AR ~ os1rL oA - - - — -  — - - - -  - - - -— - - -  - --- —— - - - —  -

10 D I M E L ~S ION PRIOR (16,16 ),RECORD (3OO0),TA~ LE (1OOO ) ,OT (4,300)
— - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

12 D A T A  C N T , N Lj M B / 1 . Q /
DArA o c T s , c s r T zioTDtiuouocro r~;31tJ c3 / -_ - — - - - -

16 D A T A  N U M C A T , H O L E F I X  / 16 ,5 C /
15~~ DATA ~~I~K~ A T T ~77T 

- -

16 C
17

-
- 13 7 F0R r ~A T ( 2 O X , ’ P R I O R I T Y  M A T R I X  FO R C P T E G O R IE Z ’ )

iT

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - -

20 C

~~~~~ ~~~O 9 5  T~~1,NUW ~kT - - -

22 R E A D ( O 5 , 5 )  ( P R I O R( I , J )  ,J=1,:~U M C A T )
~~~~TTE 

( 0 2 Y ( TO~~(T~~ Y ,j  ~~~NUW~~T)~~~~~~24 W R I T E ( 6 ,5)  ( P R I O R (  I,J ) , J 1  ,~4 U M C A T )  
95 ~~~Nt INu~ 

_ _ _ _ _

26 5 FORMAT (1613) 
- -------~~~~~~~~~~~~~~   -------- ----- --- 

28 C 
_____

MT~~x DISTA ( T T W O~~ E~fl~ E DG E TJT D A T A  SE TO T A R G E T  T ENT f R~~~~30 C M I D Y  = D I S T A N C E  ( F E E T )  FROM B 0 T T O ~ EDGE OF DATA bASE TO T A R G E T  CE~J T ER 
ADI O S = R A ~~IU~~ (IN FEETI OF sI~TuLATl~~ tsr~ r~ 

(
~~~iINC~1 X ,MIDfl~~

32 C CELS IZ = SIZE (IN FEET ) REPRES EU ED ~3Y D A T A  POINTS — ASSU IED SQ UARE

-  
1PT

_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -- - — -

34 C NUMREC = NUMBER OF R E C O R D S  ON 1~~PUT T M’E
- - EAC~FW ECOR~~ G~ E~~ FROM ~~ OUfl {1O N( TW C 0 R O S D1~ T A P U ~~~~~~~36 C A W E S T  TO E A S T  O R D E R
~~~3Y C W I D T W =  F I X E b  S T Z F FO R  RANGE RES0 [JTI OW - 

38 C Z B M W D  = B EAMW IDTH (IN RADIANS )
—  — —  _ _ _ _

40 C
- - 

~~C ~r~~U~~~~1~R T C1(
_
~~ I L f l A D i U  C7T9 T7fl~ 

______

42 C 31690 31690 29156 20 ~~~~ 3169 100 800C .00675  .25
I -  

c 
-  - - - - - - - -  - —-

44 C INPUT FOR P I C K W I C K  32000 FT ALTITUDE (11/~~9/77)- 

~~~5 c i  ~~~~~~~~~~~~~~ S3T2 12- g W f l  ~~~~~~~ ¶ ~~~ ff875 ~‘s —-- -~~~~~~~~~~

( 46 C
- 

47 C 
- 

~~~~~~~~~~~~~~~~~~~~~~~~ fl~~7i4j76Y
48 C
49 C ONE HAS THE O P T I O N  TO MAKE I~A N~~E R E ~~OLt f r IO~ F I X E D  -

50 C L E T  W I D T H  = D E S I R E D  R E S O L U T I O N
- 

51  C OR TO P A V E  R A N G E  R E S O L U T I O N  V A Y  W i T H  R A N G E  -
~~ 

- -   — -  —

52 C LET W IDT H = 0 AND INP UT V A LUE FO R PU L~~E~~I D T H

- 

_ _ _ _  
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O7— f~~?8 fl9.~~O1 POLAR C R F A T E  
- - - -

C id~~b~~~~~Oo A~~~UMED -- SO INPUT PPRAME T~~ W I L L  LIKELf  —

56 C BE BET~~(E N .1 AND 2.) 
____ _____ 

-

55 C 
- _____ _____

56 C INPUT_ PA RAM E TE RS FOR P IC K W I C K  (10/14/76) 
____ ______ - _______

57 C 31 690 31690 26400 20 3169 3169 C) 400(’ .0175 .25
58 C 

- _ _ _ _ _ _ _

59 C
60 READ(05,1 0) M I D X , M I D Y , R A D I I j S , C E L S  IZ , N ( J M P T , N t J M R E C ,W I D T H ,A L T
61 READ (05,11 ) Z8MWD,ZPULS
62 10 FORMAT (819)
63 11 FORMAT (2F10.6)
64 C 

_____ - _____

65 
- -  - 

~RITE (6,21) 
_ _

66 21 FORMAT (//,30X , ’INPUr PARAMETERS’ ) 
—67- WRITE (6,22) M IDX ,MIDY ,RADIUS ,CELS IZ,NUMPT ,NUMR EC ,

68 & W IDTH ,ALT ,ZBMWO ,ZPULS 
_ _ _ _

69 22 FORMAT (’ X.Y D I S T TO T A R G E T  CE N TE R ’,2110,//,’ S IIU LAT ION ’
70 & ‘ RAD IUS ’~~I1O,//,’ DATAB ASE RES O L U T IO t~ ‘ IB,/I. ’ NUMI3ER O F ’
71 ~~~~T ’ ~~oThY~ i 0 // ~F RE~~~~~~~~~~~~~ / /~~~~~W~~~72 & ‘ R E S O L U T I O N  A ND A L T I T UDE ‘~~2 I 1O,/I, ’ b E A M W I e T H  AND

____________

73 & ‘ PULSE WIDTH ‘,2F 12 .7)
74 C
75 C
76 C QUA RTE k FLAG TO DO ONLY ONE aiA D RA N T OF DATA bASE >0 YES 

_____77 C <=0 DO FULL 360
78 C
79 REA D (flS ,15 ) Q UARTER

_____ 
80 15 FORMAT (12) 

_____ _______ ____ __________81 C — - _____ _______ ____ __________

- ____ 
82 A L T 2  = A L T * A L T  

_____

83 C
______ 

84 C 
______ _____________

85 C N U M R  — ~4A X1 MUM NUMBE R OF CELLS IN R A NGE D I R E C T T C N IN
86 C  RESOLUTION CELL M A T R I X  BEING COr~S T R U C T E D  

_____87 C
88 1F (M IDX .GT . RADIUS .AND. M I D Y  .GT .  R A D I U S )  G O T O  80 

_______

89 WRITE (6,62) RADI US ,MIDX ,M IDY
90 62 FORMAT (’ WARNI N G — DATA BASE TOO SMALL _ FOR D E S I R E D  

_____

91 & SCE NE, LAR G ES T CIRCLE POSSIBLE WILL BE SIM ULAT ED ,//,
92 & ‘ INPUT P A R A M E T E R S  W E R E  kA DIU S ,MIOX,MIDY = ’,3I3)
93 C
94 IF(M IDX .LT. RADI US ) RADIUS : tIID X
95 IF (M IDY .LT . RADIUS) RADIUS IbUOY
96 C
97 30 IF (W IDTH .EQ. 0) GOTO 85 

- -— -___________

98 NU MR = RAD IUS/WIDTH
99 ZCW = FLOAT (CEL SI Z )/ELOAT (WIDTH )

1CO G UTO 86 
____

101 85 Z C T A U  = 9M3.57*ZPULS/2.
102 MXS R = SGRT (RA OI u S**2 + ALT **2 )
103 NUMR FLOAT (MX SR — A LI )/ZCTAU
104 C  

_____

____-__

~~~~~
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1 07—T 3—73 09 301 
- - 

POL A .c C REATE - - -

C NUMA N G — NUMRER OF A~1GLF r~1Ns TO iF C RE AT E IN F FSO L UTIO N - - -

lOb C CELL M A T R I X
107 C
108 86 ‘i90 1 .5?/lbMWD + 1
1O~  NI8C N9C*2 + 1 

-

110 N UNA N G
111 - 

X F ( ~~UMA~~G~~ .~~~T . 7~~0)  G 3 T 0 6 1 5  
-- -- -

1 12 C 
-5

~~~

-5 

A~ b Y ~~~~~~~~~~~~~~~~~~~~~~ DAT 4 B A S E
• 114 C

115 NT~~X = MI~~Xi~~~L S L Z  
- -  —

116 CENTRY = MID Y/C rL S I Z
117 

- — - - -  -

1 18 C RA D — NUM BER O F D A T A CELLS F ROM CE~~~E R TO EDGE UF
i1 -1  c ~i~~iJL~TtO~ 

—- - — 

120 C 
- A KbTUs/~ ELS 1L - - -   -

1 2 2  WRITE (b ,73 ) NUMR,NUM A ~4G ,C FN TPX, CE t~TRY ,f~A D-  

~~~~123 73 - FORM A T ( 7 1’ INITTAC P~~~A M E T ~~R~ ‘~~5 !8I/ ) 
-- -

1)4 IF (RA O .61. CE N T RX .OP . RA D .61 . 1E~4TkY) 6610 810
125 C 

- — ~~~~ - -  - -

126 C TABLE = TABLE LOOK UP FOR ANGLE
- 127 ~~~~ 1)~~U 1 O T T M E S  COS I~~E~~~F A NG~Lt AS Tt~bEX  ~~~~~~~ 

____ 

~~~

1 28 C R ESUL T IS PROPER ANGLE BIN FO R TH E PO IN T
129  C~~~~ 

-- - - - -  -

130 ~O 10 0 1 1,1000
— 

131 
- 

tao 
- 

T A ~ LE( I)= C~~~( FL~~A T ( I ) /1 0 ) / Z J M W b  4 1 --

~  
____ --

1 32 C 
_____

113 C~~~~R 1T ~~~~~~~~~~ P~~T0fl DATA T(~~~tY1 ~~~~  
_____

134 C
- .  13 5  

- - - 

~lR IT E(t1Z) NCfM R~ UMA~ G ,R~~D I U S pw I D T H ,~ U ,A L T , Z C T A U  — 

136 C
137 c - ~~~~~~~~ ~
138 C UE G IN — F I R S T  LINE OF D A T ’ S B A S E  TO 3 E USE D IN T~~IS

-
~~ 13~ 

-- 

S I~4 ULA 1ION - -  - - —  ~~~~~~ - -

-

~~ 140 C IN CASE ONE WISHES TO SIMULATE ONLY A SE GM E r - : T (JF S. T H E
— 

1 4 1  C E N T I R E  D A T A  B A S E  S O M E  LI~ i E 5  OF T H E  . A T A  B A S E  ~ It L  ~ E - — - - - -

142 C UNUSED . THIS LOOP POSITIONS T H E U~S E R  AT T H E  F I N S 1  LI~~E 
1 4 3  

- C OF THE I~~Pt JT W i 4 I C H  IS T3 BE~~JS L D  
-- - - -

1 4 4  C
1 4 5  B E G I N  C E N T R X  — NA 

- - -

146 E N D R E C  = CENT~~X i- R A D  + 1 0  
147  - I F ( b EGI M .EQ . 0) c- OTO 115 - - -

148 ~O 110 I=1 ,BEGIN 
149 11 O READ(01 ) - - - - -

150 115 T3E G IN = t3 EGIN +’
- - - 

R iTE~~~~67YT~GTN  
- -  - - - 

152 6? FORMAT (’ BEGI N = ‘~~j5//)
153 - 

C 
- -  -     -

1 54 C
1 5 5  C - --  -

15 6  DO 200 I E GI N ,E ~~ C i ~ EC

~~
1l_  - -  

1g~ — -- - 

- 

- ‘—1- 
- ~~~~~~~~~~~~~~~ 
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07— 13—78 09.~~W 
- POLAR CRE T E 

—____

- -  - - _ _ _ _

1 58 C R E A D  IN N E’.~ L INE OF INPUT 
- _____

159 C
160 

____ 
REA D (fl1, END 800) (RECORD (N ),N 1 ,NUMPT) 

________

161 C
162 C NX — DISTANC E (iN _ NUM b ER_ OF CELLS ) IN X DIRECTION FROM
163 C T~~ CE NTE R TO THE CUR R ENT LINE OF INPUT
164 C 

______ ____  ___________  __________  _____________

1 65 NX = I—CENTRX
166 IF ( NX .E(~. 0) NX = I
1 67 IF (NX .GE. 0) HALF = 1
1 68 IF (NX .GE. 0 •~~N D O T F  .EQ. 0) GO b 600 

________ _______

169 105 IF (QUART ER .GT. 0 .AND. NX .GE. 0) GOTO 500
170 IF(NX .GT. CENI RX ) GOlO 500 ________________________________
171 NX2 = MX * NX

____ 
172 

________ 
ZX ABS (NX ) 

__________ _____ ________ ________173 C
174 C  

____

175 C PLACE EAC H POI N T OF T H E CU R RE N T INPUT L INE INTO T H E
176 C APPRO PR I A T E  CELL OF T HE R ESOLUT IO N LELL M A T R I X BEI NG 

________

177 C C R E A T E D
178 C EAC H PA SS T HR OUG H THI S LOO P P R O C E S S E S  T W O PO IN TS OF THE
179 C LINE —— THE ONE J CELLS A C O V E  T H E CE N TER L INE
180 C AND THE ONE J CELLS BELOW THE CENTER LINE 

____________

181 C
182 ICAT O 

____ ______

183 BCAT O
184 OLD R=O 

____________

185 DO 180 jJ 1,RAD+1
186 J = J J— 1 

______f8~~~~~~ T IF ( Q UARTER ~~~~~~ ~~ND . J .~~ B~~ cr~i)T~~~O TO 2~~~~~~~H - 188 NY? = J *J  
______ ______________________

189 ZR = SQRT (NX2 +NY2 )
= 1 90 C 

____ _____  ______________________

191 C R — DISTANCE ( IN NUMBER OF CELLS ) FROM CENTER POINT TO
192 C T HE CUR R EN T POI N T 

______ __________

193 C
194 IF (W IDTH .EQ. 0) GOTO 113 

____ ___________________

195 R = ZR*ZCW + 1.
196 G O T O  313 

_______ ________ _______

197 113 SR = SQRT (ALT ? + (ZR~~CELSIZ)**2) — ALT
1 98 IF (SR .LT. 0) 6010 180 

____________

199 R = SR /Z C T A U  + 1 .
200 313 IF (R .61. Nur~R) GOTO 200 _______ _________ _____

201 COSANG = ZX/ZR * 1000.
202 C 

_____ ____ _____________

203 IF (C OSANG .LT. 0) WRITE (6,69) COSANG,I,NX, J,R
204 IF (C OSAN G .GT. 1000) WRITE (6,69) COSAN (~,I,r’.X,J,R
205 69 FORMAT(//’ *eE RROR — COS > 1 ‘,518/)
206 

____ 
IF (COSANG .GT. 10 .AND._ COSANG .LT. 990) 6010 117

207 AN~ ARC OS(ZX/ ZR )/ZBMWD + 1
208 6010 118 

_____ ______ ______ _______— _____  

200 
_______________
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7 — 1 3 — 7 8  0 ? .~~~01 F O L A ~~~ C R E A T E

- - 
C -- - - - - - - 1

210 C ANG — A P PROPRIATE ANGL F . SI~ F O P  THE C J k R E N 1  F Oj ! ~:1
71 1 C - -_

2 1 2  11? A N I J  = TAB LE (CC SANG )
2 13 C - - - — - - -_

214 C ~4AL F 1 INPL IES RiGHT HALF OF TH E SCE N E IS BEING ~RO C E 5 S E D
• 215 C SO THE V A R I A B L E  A uG IS M O D I F T E C . A P P H O r RT A T C LY   -

?16 C
1T3 C ON T I~iuE 

- - ~~~~~~ 

218 C
— 

219 
- 120 N bE X = C E N T R Y  ~~ 

- - - - -  ~~
220 IF (OL D R .NE. R .OR . OLD .ANc, .NE. A~~G) GOlD 15’~?2 T - - - C N T = C~~T +  1 -  - -

222 CAT A N D(R[CORD( IND EX ),i~SKCAr )
223 - - 1T CAT .6T . NUhCATY 6 010 E~~C)
224 IF (TCAT •E~~. 0 .A~~D. CA T .~~T. C) ~CAT ?CA T

— 

‘25 
- - - 

tF ~~A ’r .~ T. OY 1C~~T :PFI0 T CiAT~~C A ~T )  — —

726 TELV = TELV + IRL (RE C 0RD (It~~Ex),6)
227 C - -  - -   —

228 IN DEX = CE N TRY — J
220  

- -  
C A T ~~A~~~

( R E C 0 (tN1 EX) t~S K C A T )  - - - - -  ~~~ 

?30 IF (CAT .GT. N ’JMCAT ) GOTO S~ 0231 -- - IF (~~C A T  .EQ .~~).MTh. C~~T ~~T .TratAT=CAr  
- -

~32 IF (C AT .GT . 0) UCAT = P ,UOR (L3 CA T ,CAT )
233 dEL V = B ELV  a L ( R E C O R D ( I ,~D E x ) , 6 )   - -

2 34 GOTO 180
735 C ” — -  -

?36 C
2_37

_ 
- - 15~ 1F (OLDIT .E0 .0) G0’TO 158 - - —   - 

23 .3 T E L V  = T E L V / C r ~T * 0C 12 + TC A T
23 9  

- - 3 ELV = B E L V / C N T  k OCT 2 F E iC AT  -- -

- - - 2 4 0  ~UMb=NUt 4b+1
241 -- OT(i,NUflB)a OLDR -  -

742 OT (2,NLJMB ) O L DA NG
243 OT (3,NUMO )=TELV - -

?44  O T ( 4 , N U M B ) = B E L v
2 4 5  O L D R R
246 O L D A N G  ANG
~47 - - 

~ IF ( N UMa .11. 250) G01) 15T~~~~
243 WRI TE (02 ) NUMB
249 

- W R I T E ( 0 2)  ( ( O T ( L ,~I), t t ,4 ) ,M = 1, ’~L~~~
)  - -  —- 

~~~~~~~~ 

—

250 N.UMR O
251  157 SuM = SUM+ 1 --—- —-

252 158 TELV = IRL (R ECO RD (CENTRY +J),6)
)53 

- 

BEL~, IRL (RECOR D (CENT R Y —J ),6) - -

• 254  T C A T  = A ND (RECO RD (C ENT R Y+ J ),MS~~C AT )
- - 

�55 - BCA I  A N D ( R E C O R D ( C E N T R Y — J ) , M S i c C \ T )  - - - _

256 T0TC I~T = T O T C N T  + C MI
- 

257  C M I  = 1 
_ - - -

25 8 C
259 OLD R R 

- _  -

260 OLDA N G A N G 
- - -  - -- -  - - -— -- -  — — - -

t 

- — 5 -  -~~

JZTI 1~ ~ = H



--—--- —5-- ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -“~~~~~~ ~~~~~ -.
- ___-- - - - 5--

OL A R ~~~ 
- 

~~~

5- 

~~~~~ ~~~~
___

261 180 CONTIN UE
- - - — ___

263 GOTO 900
264 C 

_ _ _  - - _ _ _  _ _ _ _ _ _ _

265 C -

266 C ERROR MESSAGES 
——________

2 ~~~~~~~~~~~~~ 

— -  _____

_ _ _ _  -269 801 FORMAT (l/’ UNEXPECTED EN D OF FILE AT RECORD ‘,I6)
270 GOTO 900
27 1 810 WRITE (6,811) RAD IIJ S ,M IDX ,M IDY
272 811 FORMAT (//,’ ***ERROR RA DIUS EXCEEDS __DATA 3A SE 

_______

273 1 SIZE — RA D= ’,18,’ X~~’,I8,’ Y:’,IS)
274 GOTO 900 

_____ ____ _______ ____ _____

275 815 WRITE (6,816) NUM R,RA DIL JS ,WID TH
276 816 FORMAT (/I, ’ * * * E R R O R — SI ZE E X C E E D S __D H~ENS IO N S  OF ARRAY
277 1 (MAX=160) RA NGE CELLS ’,I5,’RA ~~IUS= ,I~~~~~iiT~~T8) 

— —

____ 
278 GOTO 900 

______

279  82o~~~~~R iTEc 6~~~~f AT;i;T~~~~~~~~~~~~~~~~~~
”

280 821 FOR MAT (//,5H*****,cAT OUT OF RA NGE. CAT,I,J ‘,316) 
____

281 6010 900
282 C 

- -~~~~~~ -~~~~~~~~~
__ _ _ _

283 C W R I T E  OUT DATA B A SE M A T R I X  FO R
284 C V E R I F I C A T I O N  

_____________

285 C
286 600 OTF = 1 

_______ ______________

287 WRITE (02 ) NUMB
288 WR ITE (02 ) ((OT (L,M), L=1,4).M=1.NUMS) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

239 ENDF ILE (02)
290 NUMB O 

- - _ _ _ _ _ _

291 6010 105
292 500 CO NTINUE 

_____ _________ ___________ _____ _________

293 900 WRITE (02) NUMB
294 WR ITE (02 ) ((OT(L,M)i L=1,6),M=1,NUMB) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

295 wRITE (6,901) SUM ,TOTCNT
296 901 FORMAT (1OX , ’***DONE*** ’,I8,’ (

~ECOR DS WRITTE N’ , 
____  _ _ _ _ _ _ _

297 & 1O X,18,’ POINTS PROCESSED ’)
2 98 STOP 

_____ - ___________________________2 99 END

~~~~~~~~ _ _
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0 7 — 1 1 — 7 3  09.801 - 
POLA R A P R A Y 

- -

-  I - -  
C 

- - - 
POLAR t R R A Y  -

2 C
3 C PA R T T W O  OF  D A T A  B A S E  C R E A T I O N  -- -

4 C
5 I M P L I C I T  I NTEGER ( A — Y )  - —

6 DIMENSIO N A (3S7,1b1),PRIORC16 ,16),’~AT (4,30fl)
•  7 - 

DI MENSION or (3c7),cl (357,31),c?1357,31) - -

S DATA M SKC AT /O77~- 9 - DTT A i)~r2~ TFI r~ io1oo,~~1ooo C c ,o1 ’T oD aotmonn, - -

10 C 
11~ 

- O T F = D -

1? C
13 ~ READ (0 1 )?~UM CAT ,~4OtEFIx ,MS K~~~T 

- - _

14 W R ITE(U2 )NUM CA I ,HOLEFIX ,M SKC A I H
5

~

_ 
- - b0 4 i2 T=i~~NOMCA T -_ - - 

~~~“ T
16 412 READ( 01)(PRIOR (I,J),J 1,NU~ICAT ) 
1~ 

- - 
RE AD C 01 ) N~ MR.NJ~ ANG rus,~~ror H,N9o,ALr,z~ TAu - - -- -

18 ~R I T E ( O ? ) NUMR,~~UMA~1G R A D I uS,-U )Th,ALT ,ZtTA j 
19 C - - - - - - -

20 C
21 C
22 5 R E A D ( O 1 , E N D 500)  NUMB
2~ RE A DTo1) cc~A 1 L,~~),L=1;4),4i1,-~tIMiJ ) ~ 

- -

24 C
25 - 

DO 200 1 1,NUMd - - - --

26 P = DAT (1,I )
27 A N G D A T ( 2 , I )  ~~ 

—-

28 CAT 1=A N D (DAT (3, 1 ) , M S K C A T )
-  - 2~ 

- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

30 CA T2 A ND (DAT (4,j),MSKCAT ) 

~ 1 - -  
ELV ?=IRL (D~’rr4~~!),6) 

- -  - - - _- - -5-- - -

32 A (R ,A NG )=ELV 1*SHIFT + ELy? + CTH + A ( R , A NG )   
33 ~OR I~=~~NG/6 4~~1 

- - - - -

UIT
5 TAG FLD (flhI,o,C1 (R,WORD )) - -

• 36 1 F ( C A T 1  .EQ . 0) 6010 150
37 - IF (TAG .EQ. ~~) FLO (BIT,6,C1 (R,WORD )) CA T 1

- ‘  38 I F ( T A G  .EU. 0) GOTO 150
- - -  IF( PR IOP (T  t7~~T 1)  .EQT., CA ll ) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

40 150 T A G  FLD (BjT,tj,C2 (R,WORD)) 
I F ( C A T 2 ~~. EQ . OT 6010 2130 

- - -

42 I F (TAG .EU . 0) F L0 ( e I T ,6 ,C 2 ( R ,~~i R L ) ) C A T 2
- .  

43 I F (TAG .E~~.. 0) 6010 700 
- - - - -  -—

44 IF (PRIOR (TAG,CA T2 ) .EQ, C~~12) FLD (81T,t,C� (k,~.iO RD ))= CAT ?
45 2flC~ CO NT I ~~U~~ 

- -  -

• 46 6010 S
47 C
48 C

• 49  6 REA D (C1 ,END SOO ) NUMB 
- - - - -_

50 READ (01 ) ((DAT (L,M),L 1,4) ,i= 1 ,‘flfl~b)
51 C
52 DO 292 I 1 ,NUMI~

- —  -~~~ 

- 
203 

-

L _ _  
_ _ _ _ _ _ _ _  -

~~~~~~~~~



r~~ r -—
~~—— —

~
-—

~~ 
_ _ _  

_ _

)7-13-~~~~~O~~~05 
-_ 

~~~L~1~~~~~AV -

53 R = DAT (1,I)
54 ANG = DAT (2,I)
55 CAT2 AND (DAT (3,I),MSKCAT )
56 ELV2=IRL (DAT (3,I),6) 

_ _ _  _ _ _ _  _ _ _ _ _

57 CAT 1 AND (DAT (4,I),MSKC AT)
_____ 

58 ELV 1 = I RI (DAT (6,1) ~6) _______ _____ _____ ________

59 A (R,ANG )=ELV1 *SI4IFT + ELV2 + C T R  + A (R ,AN G )
____ 

60 WO RD ANG /6 + 1 
_____

61 BiT = MOD (ANG ,6)*6 —

62 
___  

TAG = FLD (BIT,6,C1 (R,WORD )) 
_ _ _ _ _  ___  _ _ _ _ _ _

63 IF (CA T1 .EQ. 0) 6010 600
64 IF (TAG .EQ . 0) FLD (BIT,6,C1 (R,wORD)) CA T1 ——_ _ _ _ _

65 IF (TAG .EQ. 0) 6010 600
66 IF (PRIOR (TAG ,CAT 1) .EQ . CAT 1 ) FLD (BIT ,6,C1 (R,WORD)) CAT 1
67 600 TAG = FLD (BIT,6,C2 (R,WORD))
68 IF (CAT ? .EQ. 0) GOTO 292 

________ _______

69 IF (TAG .EQ. 0) FLD (BIT,6,C2 (R,WORD))=CAT2
70 IF (TAG .E~~. 0) 6010_ 292 _________ ______ _____ _______________-- 71 Ifi~~TORTY~~TTAt7~ .Eo .C A T2YFLD (sIT,6,C2CLW0RD))=cAT2
72 2 92 CON T INUE 

_____ ____________________________

73 6010 6
- 

74 C 
_______ _______ _____ ____ __________

75 C
76 500 CONTINUE 

____ ______ ____ _____5 — 77 DO 400 1I 1 , N90

78 1= N90 + 1 — II 
____________ ____________r — - — - — 

WO D- I, l
80 BIT = MOD<I,6)*6 

_________ _______

81 C
82  DO 3~~O J 1,NUMR 

______ __________

83 MUL l = FLD (0.6sA (JsI))
____ 

84  IF (MUL T .EQ. 0) 6010 250 
____ ________  ________  ______ _____

85 ELV 1 = FLD (6,15,A (J11))/MULT
86 EL y? FLD (21,15,A (J,I))/MUL T 

_ _ _ _

87 6010 251
____ 

88 250 ELV 1=O 
-________

89 ELV2 0
90 C 

_ _ _ _ _ _  _ _ _  _ _ _ _ _ _

251 0T~~~~=JL5CE 6)~~~~~Ljt~IT,6,C2t~~~ThTbT)
92 A (J,I) 11 S (ELV1,6) + FLD (BIT,6,C1 (J,WORD )) 

___  ___

93 300 CONTI NUE
94 URITE (02 ) (OT(K),K 1,NIJMR ) 

_ _ _ _ _ _  _ _ _ _ _ _ _

95 IF (I .LT .4) WR ITE (6,21) (OT (K),x 1,NUMR ,3)
96_ 21 FORMAT (17 (1X ,06)) 

-- _ _ _

9? 400 CONTINUE 
- - -

99 DO 420 1 1,N90
_ _ _ _  

100 WRITE (02 ) (A(J ,I),J=1,NtJMR )
101 C

- —  102 _ _ç_ ** ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - _ _ _ _- -  ____________

103 C
C S_P g C I ~~I~~~ ç Q D E  1 0  ~~~~~~~~~~~~~~~~~~~~~~ DATA ~3A .~E T() 

~~~GNETI~~~L 0 J r L
_ _ _ ..

- - _  

204 
—— - _ _

- - - - - 
_ _ _ _  - - - —- - - 

_ _ — - ~~~~~~~~ —~~~_~~~ ~~~~~~~- _  ~~~ - _ ~-— - — - - _- -~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



—--5 — ~~~~-- _ _ - - ---- - - - - - 5 -

‘— 13— 78 09.805 POLAR A R R A Y  —

T05 C R E C T A N G U L A R  D A T A  EAS E rS ~OT~ T E~ 3C D I G R E E S  F RO~r N 0RT~I
106 C
1 07 C
1 08 C

- 1110 - - - - I F ( O T F  .GT .  O . A1~D . 1 ~ST. 120) JRIT F(f l3)  (A (J ~~r),J~~T ,~W~fi)
1 1 0 C
111 IF (I .LT . 6) ~RI1E (6,21 ) (A (J,1),~J T,NbMR,3)
11 ? 00 410 J 1,NUM~ 

~~ i iT=o 
- 

• 114 420 CONTINU E
- C - - - - 5 -  _ - - - -— — — - - - _  - ——- - _ _  -

116 DO 220 L=1,NUMR
117 - 

b~ 220 L211,31 - - _ - - -

118 C1 (L ,L2)=0
- - 

119 2?0 ~Z(L,L2)=0 
- - - - - -  - -  - - - — -

120 OTF = 1 + OTF
12f 

- - C A L L  ~CL0SE (O1) 
-

122 IF(O TF .LT. 2) COlD 6
123 TOP - -- - _ -  - -

124 END

-5-- -- - -5 - -

3~

- - - - - - - - —-5 -5 — — — - 5 .

- : 
_ 

1. - -

~~~~~ 

- 
‘ -  ~~

L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
- -

~~~~~~~~~~~~~~~
- -

~~~~~



— ~~~~~

07— 13—78 09. 809

1 C

____ 
2 C WRITE POLAR DAT A BASE 

_____ ____________

3 C
_____ 

4 I MPLICIT INTEGER (A— Y ) 
________ — _____

5 DIMENSIO N IN (355)
6 C 

_ _  _ _ _

7 RE WI i~D (03)
8 REWIND (02)
9 READ (02) N IJM CAT ,H O L E F IX,M SKCAT

~~~~~~~~iO R E A D ( O 2 ) N U M R , N t J M A N G , R A O I U S ,W I D T H ,A LT ,Z C T A U
1 1 WRITE (O 1 ) NUM CAT,HO L EF IX ,MSK CAT
1? WRI TE (O 1 ) NUMR ,NUMAN G,RAD IUS ,W IDTH ,A LT ,ZCTAU 

____  ____

13 C
14 DO 100 1=1,60 

__________

15 READ (03) IN
16 WR ITE (6,12) IN 

________________

17 12 FORMAT (12(1XO7))
18 W R I T E ( O 1 ) IN 

_________

19 100 CO N T I N U E
• 20 C

21 DO 110 1=61,720
22  R E A D ( 0 2 )  IN 

_____ _________

23 WRITE (01 ) IN
24 110 CONTINUE 

- -

25 C
26 W R IT E ( 6 , 1 O )  

______

27 10 F O R M A T( ’  WE A R E  DONE ‘)
28 S T O P  

______ _______ ______________

29 END 

-5- - - - 5 - — -  — — - - -- 5- - -  - - 5  -5—

~Ili ~~~1I 
_ _  ~O6 

_ _ _ _ __ _  _ _ _

-5 
- 

- 

_ - - ~~~~~~~~~~~~~~~~~~~~ 
. - - - - - ---

~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~ -—~~~~~~~~~~~~~~~~~~ ~~~~- _ _



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

-5 --5 -5 - - - - 5  - - 5

~)7— 13—?8 09.813 -— 
A R R A Y  F A X  

- - -- - - - - - - - -

~~~~~

_ 1 __ 
C 

- 
A R R A Y F I~~ 

- -  - —

2 C
- 3  C 

- - -- - - _ - - -  —

4 C PURPOSE IS TO PATCH UP HOLES I~ THE C E I T E R
5 C 0F T~iE P O L A R  DATA BA SE SO EvE ’~Y C E I L H A S
6 C DATA. HOLES WERE CAUSED IN COI~V E K S I OM FROM
7 C -- C A R T E S I AN TO POLAR COORDINATES. I~O L ES WO R KS
S C ON THE FIRST 50 CELLS IN EACH R~~Y R A D IA T I N G
9

~~~~ 
C 

- 
rRoM CEN1~~k O U D A T A  BAS E .  - -

10 C

~
1-51 C - - -

12 IMPLICIT INTE GER (A—Y )
-- -- 

¶ 3  
- - -  

R E A L  F L O A T  
-- - - -  - - -  -

14 DIMENSION UUF(500),IN (720,SO) 
TA ocrz,xNrkP~Dr iO1t1Cr~prjT,o2 r - -

16 PEAD (IN TAP ) N UMCAT ,HOLEF IX ,M SKCAT
- - 17 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

18 C
C R~EA ~~ fN~ BAO bAT~ 1 RAY AT A ~~T14E . 

-

20 C FILL “IN” A R R A Y  W I T H  F I R S T  50 P O I N T S  OF D A T A .  
c 

- 
ioL~~~~TL[~~ E ~~ Ur~T h I  T FTRST 3()~~ TS .  

22 C “IN ” HAS THE FIRST 50 PTS. FOR ALL 720 RAYS.
23 

-  

~~ aUF” U S O N i TA~~ TJcTER rO P F M T~ PE~~~~ 
—

24 C 
5  C _ _ _ _ _ - -_ —

26 DO 100 1 1, NUMA NG 
~~~6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

28 DO 90 J 1 ,HOLEF IX 

~13 - -

30 100 CONTINUE
31 C —
32 C 

t aUMF UT P~ Tff15 
-AWOUN DAW T Fr H Y O N Y ~~~~~ 

-

34 C HOLES GET FILLED WITH RESE W VO IR CAT .

~~~35 C - - - -     -—

36 C
37 - - DO 23 RAY 1,7?0   - -

33 PRINT, ’ POI NTS FOR PAY ‘,RAY
-- 

3V 23 F~I~~r23r~1mrR Ay,cK),cg=1,rtri 
40 231 FORMAT (5X,10 (06,3X)) 
1  --5 - - - —- -5— - -—— ——  — --- -- — -- -—- — _— --

4 2  C

Z 3  - -  -_ 
60 500 I= i , H O I J E r I X   

-  - —  - -  — —

44 M ELV O
MLIN O - - 

46 CNT=0
- - 

47  
- 

D1F=ff  
-

4 8 Z L O PE O
* 

- - 
49 C 

- - -   - -  _   --

SO DO ISO J 1,NUMA NG
51 

—- 
N~~~~ = J   

- 

52 I F (IN (J,I) .NE. O )GOTO 160

207 
_____ ____ 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - •~~ 5-~ - 5- - - ~~~~~~~~~

-~~~~ ~~~--~~~~~ 

___
~Ji~ I_~ --~~~~~~~~~~~~ -~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _  

- -
_- 

-
-

7 — 1 3 — 7 8 .813 
— - - 

A R R A Y  F IX 

15O~~~CON TjNuE 
- _ ____

54 W R 1TE (~~,1?)I
55 12 FORMAT (’ NO DATA IN LINE ‘.14)
56 G O T O  500 

- -
57 160 LAS T O
58 

____  
R EFELV = IN (NXT .I)/OCT2 

- _____

59 C
60 DO 400 J 1,NUMANG 

______ ____

61 C N T = C N T +1
62 IF(IM (J,I) .ME. 0)6010 350 

______ ____-____

63 IF (LAST .EG. 0)6010 180

- 
64 

-— -- - 
IF ((J—L A ST ) .LT. (NXT— J ))GOTO 200 _____ - - _______

65 IF (NXT .GT . NUM ANG )GOTO 200
66 180 CAT FLD(30.6,IN (NXT,I)) 

_ _ _ _ _ _ _ _ _ _ _ _

67 IF( CAT .NE. 17)6010 190
68 

____  
IF (LAST .ME. 0)CAT FLD (30,6,1M (LAST,I)) 

___________

69 190 FLD(30,6,IN (J,I))=CAT
70 ELV REFELV+ZLOPE -*CNT 

____ _____TCöTi~~ T T T ~T~~tV _ _ _  _ _ _ _

72 IF (J .EQ . 1)GOTO 400 
______

73 DI F= IAB S (ELV—F LD (1B ,12,IN (J— 1 ,I )))
74 MEIV MAX (ME LV ,DI F ) 

____

75 6010 400 
— ____

76 C 
_____

77 200 CAT =F L O (30,6,IN (LA5T,I))
____ 

78 IF(C AT .NE . 17)GOTO 210 
____ ________

79 IF(NXT .LE. NUMANG )CA T FLD (30.6,INCNXT ,I))
80 ~1O FLD (30.6,IN (J,1)) CAT 

_ _ _ _ _ _ _  _ _ _ _ _  ____  _ _ _ _ _

81 E L V R E F E L V +Z L O P E * C N T
_____ 

82 
____ 

FLD (1 8.1 2,IN (J,I) ) ELV 
__________

83 IF (J .FQ. 1)GOTO 400
84 DIF 1ABS (ELV—FLD (18,12,IN (J—1 ,I))) 

____ ________

85 MELV MAX (MELV ,DIF)
86 6010 400 

_____ _____ _____87 C
88 350 L A S T N XT 

_____

89 C N T O
90 Do 370 K=L A ST+ 1,N IJMA NG 

- -  ____  —
91 NXT K
92 IF (IN (K,I) .ME. O )GOTO 371 

_ _ _ _ _ _

93 370 C O N T I N U E 
- ________

94 
- -  

NXT NUMANG+ 1 
- - - _____ -~~~~

95 Z L O PE O
96 REF ELV IN (LAS T ,I)/OCT2 

_______

97 G O T O  4 00
98 371 REF-E LV= IN(LAS T,I )/OCT 2 

___  ___  _ _ _ _ _ _ _  ___

99 NUML NX T— LAST
100 ZLOPE= FLOAT( IN( IJXT, I)/0C12 — IN (LA ST .I)/OCT~)IFLOA1 (NJML)_____
101 MLIN M A X ( M L I N , N U M L ) -

102 400 C O N T I N U E  
____

103 C
— 104 

~~~~~~~~~~~ WL8J 1 J L L ~~~ M~~J~~L ____ _ _  ______

208

~

— - - - 5  - - -  - -

- ~~~~~~~~~~~~~~~~
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~~~~~~~ 
— 

--

04 07— 13—7 8 - 09.113 ~R kAY FIX ~~~~~~~~~~~~~~~~~~~~~ 
- — 

60  FOPMA T (~~ RIN~ ’iT3s~ M L I N A~4 D MEI V ‘~~2T6) - -- -

106 500 CONTINUE
107  -  - - - -

108 C
- Y09 C W R I T E ~~TC HE~~ 1,A’TA~ A SE To - — - - - - - - 5 -

110 C
-— - - 111 C -  -

112 REWIMD (INTA P )
113  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -  —

114 REA D (INTAP )
115 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~116 C

- 117  5-60 6CO T~~1.NOMAt ~G - -  -

1 1 8  666 R € A D ( I NT A P , E N D 1 O O 1) ( ~ 3 U F( J ) ,J 1 , N UM R )
— -  

¶1V  ~O 55U J~~ ,~ GLT~~~ 
-- --

120 550 auF(J)=1N (L,J) 
f?1 ~~~~~~~~~~~~~~~~~~~~~ 

- - -

12? IF MOD(I.3) .E~~. 1)WRITE (6,70 )(aJF (J),J=1s100)
123 71) ~~~F 0 R M A Tf~~ T1X,O6Y) 

- -  - -- 

124 600 CC~NT INUE 

~~~~~~ ~~G0~~~VOff _ _ _ _

126 1000 CALL FCLOSE (INTAP )

~~~~ V27 
- —  

~~~~~~~~128 1001 CAlL FCLOS E (INTAP )
- -  

GOTO 6~~~~~~~~~~~ 
- --

130 900 STOP  

- -5

..—i’
~
m

~~~
•

~

a— - - - -  - ________________________

- - -

—-5— -5—. ~ —~~.•— ____ -5 _ ,. ~~~~~~~~~~~~~~~~~~~~ 
.. — .  —



C.4.2 Reference Scene Computer Program

This computer program was written in FORTRAN for implementation on a

Honeywell 66/60. It consists of two subprograms:

(A) Power

(B) Greytone

________ _____ _____ -±~~~
-

— ____ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~ 
—

13-78~ 09 .813 POWER

- O w E R
2 C

- - 3 C R~~~RAM AC CE PT S DAT* M A T R I X  IN POLAR rOORDINATE S FR~)M 
-

4 C FILECODE 01 (CRE ATED BY AR i~A Y FIX) AND PRODUCES A 
TMIJLATION - -  - - - - -  — —

6 C
C~~~~~~~~~ 

. - - - -

8 IMPLICIT INTEGER (A—Y )
- -  REAL FLOAT ,SIN.COS,ARCOS,Rt1 S - - -  -- -— 

• 10 LOGICAL TAG
1T - O M M O W 7 R A N D O M T ~ [SEED 

-

12 CO MMON ZTAB (1000),ZCF (16.4),Z5 (16),LEN (400),TAG
- 13 - - COM ~ ON 71 01 fl~~SEC40O,3),CAT (4Ofl,3) -  --

14 COMMON /01/ GT (400),ZGT (40J,3) ,ZOT(400),ZSTKT(400,2)
- - - CO M1~F~~~ / F A ~~~T NU~~~R UM NG RAD I U 1DT~~~~~~~LT .1 (TAU ~~KU P NU t~~T~~~~

16 C
- - 17 - - DATA L T,L2.L3~ GTR€F/1 ,2,3,341 -

18 DATA OCT2/O100/
19 - 

C 
- - -- - - -

20 I S E E D  = 1231236 907
2T~~~~~~~~~ ~~ .APP l~ 

_ _ _ _

22 C
~~~~~2T~~~~~ C -   --

24 R EA D ( O  1) N U M R , N U M A N G , RA D I U S , W I D T H ,A L T , Z C T A U , N U M C A T
Z5  10 F0 ~~ M A1 ’ (4 I f f Y  

- - 

26 R E A D( 0 5 , 10 )  ALT
27 C  

--  - --______

28 ZALT FLOAT (ALT ) 
_ _ _  _ _ _ _  _ _ _

30 WRITE (6,11)
-- 3’r F O RM~~TT/r;3~~X rfrrR 6 R0 ER CoEFrrcIE~NTs F0R SIGMA T~’T
32 C__ __ 33-5 o0 Oo 1 i7Nu1~TcA r —

~~~~~~~~~~~~~~~~~~
—

~~~~~~~~~~~~~ 
______

34 READ (05,15) (ZCF (I,J),J=1,4)
5~~~~ ~~JRrTt~~~ T 5 ) (Z-C Fc1;JTTJ~T;~r36 100 CO NT I N UE

37~~~  
- 15 FOR T C 4 E 1 4 . 7 )   - -—

38 C
- 

~~EKDc05i2 1 TS~ 
- -- --

40 2 F O R M A T ( 1 O ( F 6 . 2 ) )
41 TE~~~Th O~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 
- 

4 2  C T H E  A R R A Y  — L E N  — CONTAINS THE .~ESOLTI0N CELL LE NG T 1
- -  43”  C crIwrs 2) AT EAC11 R AIrGE ~ TN. - -  

~JSE~~ T O CA CULArE LOCAL
44 C A C R O S S  TR A CK SLO PE 

____

45 C
46 P = —WIDTH !?

- -- 

~~~~~~~~~~~~~~~~~  
_ _ _ _ _

48 P = P + WIDTH
L E N C I) =  LT4 16* 4 . *R /FL OA tCii UMAN G ) + ~~~~~~~~ 50 C 

______

51 C WI0 2 = 2 TIMES WID TH OF RE SOLUTIO N CELL IN TRACK OI RECT IO ;~
52 C (A CO NSTANT VALUE FOR THIS S IMU LAI ION ) 

________

— - - 

- - _ _

— — Jj



7.13
71 O~~ 813 P O W F R 

-

54 W ID? = WIDTH + WIDTH
C

Z C O S 3 5  = COs (35/57.295)
z sTh3 = N~~~~7T7~2Q5~ 

-5— ——- -— -—- --- - - - - - - - - - - — -  - ---- — — - - - — - --— -—-— - _____  —-

— -  -- 
58 GD35 ALT *ZSIN35/ZC 0S35 

_____

59 CEL3S GD35/wIDTH
60 C
61 C
62 C T R A N S F E R  PA R A M E T E R S TO T A P E F O R OU T~’U T R O U T I N E
63 C 

-_  - -

64 WRITE (0? ) NUMR,N UMAN G ,RA DIUS ,wJ )TH,ALT,ZCTAC
65 WR ITE (o,7O7 ) NUMR .MUMANG,~~A DIUS,W1D TH ,A LT

— 
66 707 FORMAT (’ NUMR ,NUMA NG, RAD IUS ,WIDIH ,A LT= ’,513)
6? C
68 C
69 DO 110 I= 1, lf lOO
70 110 Z T A E ~(I) A RCOS (FLOA T (I)/1000 .)
71 - - - - -  - - -

72 CALL N E X T ( ? , I E ~V )
73 IF( IE V .GT. 0) 3010 800
74 DO 12 0 1 1,NUMR
75 BASE (I,1)=BASE (I,2 )
76 120 CA T (I,1 )—CAT (I,’)
77 C
78 D O 300 AN G = 1,N UMA NG
79 T46 .FAL SE.
80 IF (MOD (ANG .30) .E’JI. 0) TA G= .T~ u1. — - -81 IF (TAG) WR ITE (6,73 )ANG
82  

- 
23 FORMf ’,T (1H1,4HAf4G= ,I3,/,4H~~L3C,7X,3HCAT,4X, 6d5I (3p1A3,10X,5HPOWER,

33  1 5 X , 1 O H FA D E  P OW E R , 4 H  G T )

84 IF (ANG .11. NUMA N G ) GOTO 16’)
85 00 205 I=1 ,NUMR
86 8ASE (I,L3)~~~A S~~(I,L2)
37 205 CA T (j,L~~) CA T (L.L2)
88 -6 0 1 0  1 c 1  

- -
39 C
90 160 CALL N E X T ( L 3 , 1 E v

-
- 91 IF(IEV .GT. 0) 6010 80C-

92 40 FORMAT(1X,3 014) 
—

1

~

(Ô

~

TNU E 
- - - - -  - —-

94 C
95 

- 

Z M  = F L O A T ( B A S E ( C E L 3S . L 2 ) — A L T ) / F L O A T ( G 0 3 5 )

96 C
97 DO 270 ROw = 1,r.u 4~98 ROW 1 = ROW —1
99 I F ( R O W 1  .LE. 0 R0 w1 = 1

100 RO~v2 = RO b + 1
101 I F ( R O W 2  .~1 • (J UM P) ROW ? = ~‘J~~R
1 02 C
1C3 Z D E L T  = FLOAT (bASE (R0~~2,L2)—f ,A$E (R (;W1 .~L2)) /FLO AT (wID 2 )
104 LY = A PS (BA SE (RQw ,L 3 )—UASE(J Qw ,L 1 )) 

-— - _ _ _ _

L 

-- - - it
-- -- ~~f l_ -- ~~_-5



---- --- 5 — —— —
~~~~

-- —-5. - - ~—~~~~ ------ — - —-5— -5-- - - ~~~~~~__ _ _~~;__ —

07—13—78 09.313 - PO W E R
— 

T05 
- ZHYP SQRT (ZY*1Y + LEN (ROw )**2 )

106 ZRHO ZY /FLOAT (LEN (R0W ))
107 ZCOrRHO = iL0AT (LEN (RO~~)YrZHYP
108 C

-- - - 

109 
- - 

~AL1 = kLT~~~~ BA1ECRO W , L2 )  - - - - —

110 IF (ROW .GT • CEL3S) 6010 230
111 -- - 

~~ZSINTN ~~ ZS f ~35 - — -  - -

112 ZCOSTH = ZCOS3S 
0T~~250   --  - —- - -—

• 114 C 
ITS 230 2G61S WO~~~WTD TH - -       -

116 Y = ZM*ZGDIS + A L T
T17  1FI Y .CT . BAStIP0w,L2)) G5TO 270  -

118 ZM FLOAT (BASE (ROW,12)—ALT )/ZGDIS
119 -  

ZSR sQ~ TtT~ D1S**7~~~~~ALr~~Z    
-  -

120 Z S I N T H = Z G D I S / Z S R  
1~21 S T11 = F10A 1(WA LTJJTSR   -

122 C
-- - -  123 - - 250 CO~~rWUE - - -  - -  -

124 IF (ZCF(CAT (ROW,L2),1) .11.100.) G(1T0 251
- _ _ _ _  

Z~~T (ROWJ~~TD~~~ 
. _ _ _  --

126 GOTO 270
-— - 

27~~~ 
- 

128 1 ZSIJTH ,ZPWR )

~~~i29 2 O T C R  wi= OTiRO~fl+zPwR   
- - -  -  - --- — -

130 270 C O N T i N U E
131 - 5 - 5 C  ____

132 W R ITE (02 ) (ZOT (J),J=1,NIJMR ) 

~~~3 -C 
_ _ _ _ _ _ _

134 T Li
L1

~

L2  - -

136 L~~ L3
137 —

~~~~ 
-----_ _ _ _  _ _ _ _  _ _ _

138 C
iw~~~~— 

~~ our ~~~r C1NE or GRE Yr ONE I~~~~~~~~Tflt r~ PorA w Fp RMA ~~~~~~~~~~~~~~~
140 C TEMP FILE

- - -  141  - - -

1 4 2  00 290 K 1,N(JMK
143  Z~ T (K~t 

____  ________

144 290 ZOT (K ) Q
T45 - - 3110 ~~ 0NT IWtJ E  ______  ___

1 4 6  S T O P  
* 147 -- -- 801Y w R I T e C 6 8 1 r A I ’ ~G - -  -  -  — -

148 80 1 F O R M A T ( ’  RAN CUT OF D A T A  P T  R E C O R C ~ ‘.15)--  srr~ 
~~~~~~~~~~~~~~~~~~~~~ -- -- - - --- -- - —-- - - - - -- - - —  

150 END

- 

213 
-

~~“:i :i~~~~~~~~tt ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ tI_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_______________________________________ ~~~~~~ ~~~~~~~ -~~~~ -~~~~ —--~-— — —
— ~~~~~~~~ 

- 
- - - -— - - 5- - -

3—78 09 .815 - -- - -

~ R O U T I N E  N E X T  (LTNE I E V )    - -- -

2 IMPLICIT INTEGER (A—fl
3 REA L RM S - - - --

4 C
- 

S    C OMMON / R A (~IbOM / IS EE~~~~~ 
--  — - — -

6 COMMON /PARAM/ r1ut~R,NuMANG,RADIu S ,wIDTH ,ZALT , ZCIAU ,KLA PP ,NUMCAT
- 

COMl~ON 110/  BASF (4tYO,3),CAT (400,3) - -

8 DATA MA SK ,TREE S / 077,2/
9~~~ C --   - 

10 READ (fl1,EN0 900) (bASE(I,LINE ),I=i,~~U M R )
TI  - -

12 DO 100 1 1,NUMR 

~~~~~CAT ( I ,LrNE) = ANb (8ASEU,L1NE ;il~ 3K) 
-

14 BAS E (I,LINE ) = IRL (BASE (I,LINE ),6)
- - - - - - - -- - — --- - - -5 - --5 -  - —- - 5  

16 C SPECIAL ELEVEAT ION ADJUSTMENT F~)R TREE CA T A G O R Y
T7~~~~~~ C — 

18 IF (CA T (I,LINE ) .NE. TREES ) GOb iC- O
- - 

~ 19  BATE ( r,[IN~~) =  BA S E(T ,L INE)  + 70 + kMS (LSrED )*1O - —5-

20 100 CONTINUE
~~~~~ ~~~~  

- -   - -  — --- - - —- -- - - - - - - — -— - ---

22 RETURN 

~OO~ T h=  1    
-  - - 

- 24 RETURN
2S~~~~~~  EN6  -

1 111111 
- _ _

-I 

- ----5-- -5 - - - -5 - -- - ”--  ~~~~~~~~----- ---- - - -  - - -- - - -5- - --- --- - - - i 

—--~~~~~- - - - -  - 5 - - - -----5-- - -—-- -- -- ------—-—-----~

i~~~ ~~ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _



__________ — —- - 
- - ——- — --- —-— —- - —-—~~-‘--- - -, - - -- - - - 

~~ I

13— ~ 8 09.816 - - - - -  - -

- SIJBR OI JT TN E RT PWR RHO,COSRHO,DELT,NALT,rCrT,COSTH,SINTU,PWR ) -

2 C
3 L O G I C A L  T A G
4 REAL RMS
5 COMMON /RANDOM / ISEED
6 CO MMON /PARAM/ N ’JMR ,NUMA NG,RAD I US,WID TH,ZALT,ZCTAIJ,KLAPP ,NWICAT

• 
7~~ COMI40N TA8LE (1O0O)~ CF (16~4T.Sfl~ Y,~EN(40C),TAG 

-

8 DATA FUDGE /—1 .9193/ 
- - -5- - - -5—— ----- --5-- - - - - - - -5- -- -- - - - - - - - - -- - --  —--5  

1 0 I T R A C E  1
- -  —  - - - —  - - --5 

12 D ATA S IGRE F /— .8/
13

~  

B~~SE~ LT = 1ALT    - - -——
~

-1
14 IF (ICAT .61. 1) GOTO 505 _ _

~~~R~~~~~ 
- -  -

16 RETURN

~~~ T7  C 
- 

18 C C A L C U L A T E  L O C A L  A N G L E  OF I N C I D E N CE
19 C 

- -   - -

20 505 ACOS (COSTH + SINTH*DELT )/SQRT (1 .+DELT**2+RHO **2 ) 
--  - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- --— _____

22 ~LOC ACOS* 1000. 
____  

_
i Lt~~~~OCJ 7 95~~~~  

- -   _ _ _

24 C
Z5 1flNEOC .LT. 6 .Ofi; NtOr :GT v95) Lot~~~~A~ t~~s (Acus ) 7 2c5~~~~26 C 

C C~~~L rULATr S F G A 1~~RV FO R 1VEWCATA ~~~O RY AT TW E
28 C O F IN CID ENCE JUST CALCULATED 

---- ---5 _ _

30 SIGO = AL O C * (ALOC * (ALOC*CF (ICAT .1 )+CF ( ICAT ,2) )+CF (JCAT,3))
- & ~tT (ICAT 4T ’ — _ _ _ _

32 I F ( K L A P P
__

.EQ . 1) 5 1 60  = S (ICAT ) + 10*ALOG1 O (A CO S ) — FUDGE

~~~~33 ST1~~ 0~~~~ Si  GOiT0~~ - SIG RE~~~~~
~4 C

-- C THDTE T IN! ~~~GtE WET~~ OEt T~~~~~~~~~~~~~~~~~~ 
- — —

36 C W H I C H IS N E E D E D  FOR THE PO~~ER FORMULA
37 C - - - -- - - - -  - - -- 

38 IF (DELT .11. .05) GOb 160
rgb!Lr ~~ flTSIN LT) TS~~RTCT.~~Dfl~T*~~2YT

40 G O T O  161
-- 4T 1~~0 TWDE1T~~~~ STNT _ _ _ _ _ _ _

62 161 IF (TPID ELT .11. .001) c,OTO SlO 
- -

44 C
A 1 T  = C~A~EA TYTM~U1~ 

- ___  ____

46 C 
_____________ 

F Ow ~ U!i~i~~tThW _________-

48 C 
_____

4_V 
— 

PVR ~~~~~~~~~~~~~~~~~~~~~ /(2~~CO T C0TRiIO~TWD EiT) 
_____

50 GO TO 900 
____ ______

51 C
52 C

- - - 5  -5 - -5 - - - - - -- -- 5 - - --  - - --

~~~

- :  

- - -

.5-

—-  — - Ii— - - 

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— — — -5

— —

- ~~~~~~~~~~~~~~~~~~~~~~ -~~
—-5 —~~~ - - - -5- - - 5 — -  —— --5-5 — --5 - - - - - 5  ~~ - --~~- -5— -  __ ,J~ - -5 -——--- -



_________ 

07— 13— 78 09. 816 
- - _  -

- -  -- 53 800 I F (I TRA C E .GT~ 3) J,~R ITE (6,~~D1 ) CO STH ,OEL T ,ACC ’S 
- --

54 801 FORMAT (’ DELT A IS > THETA ‘,3F 1J. 4)
- - 

PWR = 0 - -

56 GO TO 900
- -  5? 810 I F U T RA c E  .GT. 3) WRITC( 6,811 ) SI~~TH ,CCSTH ,DEL1,RHO ,Tr4DELT 

- -

58 811 FORMAT(’ DELTA = THET A ’ ,5F12,4)
59 - - 

~~~~ = 10. - - - -  - -

60 900 IF (PWR .LT. .001) Pw~~= .O0161 G T = A L C G 1 O ( PW R ) - * 3 2 . +34 .
62 IF (TAG ) WR ITE (6,23 )IFIX (AL OC) ,JCAT ,SICO ,PWR1 ,PW R ,IFIX (GT )

412 PW R 1 IS NOT DEFINED
63 23 FORMAT ( 14 , I i 0 , F 10 .2 ,2 E15 . 4 , 14 ) 

_____

64 RETUR N
65 END

- -   

-- 

- - - - --- ----- -- —---- - ----- - - -  - 

-— ___ 

- -- — --- ----- --- -  - - -- —-5--- - - - - 5  - - - 5  -- -- 5

—— —— -5 -5 -5 -5 - -5 -5 - 5 —  -5 — — — — —

iJ:~TII: ::ii ~:i I±:I1~IIi i III T1~ III

216 

—



_____ ——‘----_----—--—--- —-5
~~~~

—--5----
~~

-- —--~~—--5——---— - ___ -.5--
—~~~~~~ 

-
~~~~~~

0 7 — 1 3 — 7 8  09 .323 G R A Y T O N E  
- - - -  

1

- -  - - 
1 C 

-  

G R A Y T O N E
2 C  — -

3 Ca* * * * * * * *a * * ** * * * * * * * * * * ** * * * * * * * * * * * * * * * * * *e a* * * * *e * * * * * e * *
4 .. . :  - — -
S C - :

--  - C .  - -  - - — - -  -_
• 7 C P A R A M E T E R S  TO BE A D J U S T E D  TO RUN THIS PROGRAM

1.) .JI,tt TH E 1flLI. ELLS IO. &YER.AGI - - 

• 9 C 2. ) RES D E T E R M I N E S  THE S I Z E  OF THE IMAGE
10 C .  3 1 N L iL E HiCH DH1R.MIt(ES WHICM II ~ QBD
11 C TO W R I T E  TO ON THE OUT PUT TAP E
12 1. )  Ii~~Q 1L&Ge - ~~~~UCH LU EfiMINj$ Q.UTT A’ F3~~.MfrT  -_

13 C ( D I CO ~~1 FOR D I C O  F ORM A T . O  FOR I D E C S ) .
- - - _ _ 1~

_ _ _ _ _ _ _ _ _c___ _ - - 5 - - - - - - -__-----5- - ----—-5--- ---5 - -----5-— 

15 C* * * * * * * * * * * * ** * * * * * * ** ** ** * * * * * *e* * * ** * * * * * * * * * ** * * * * * * **
- - 

_ _ 1 ~~~ ----- -5 - --  -- --5- — -5 - - —- —-- - -5 - - -— -5—  

17 A CHANGE OF RESOLUTION CHANG ES D IMENSIONS
- - - C ~ F AR. R L RtCQRD..AND 01 --

19 C R E C O R D ( R E S )  • O T ( W O R D )  WORD ~ R ES/ 6  + 1
- - C  -

21 C MOST OTHER D IMENSIONS DEPEND ON NUM R W H I C H  IN TURN
-— - — _ C  -- D~ P D O N 1 H RAD1US._ ____

23 C NLIMR z R A D I U S / W I D T H
-- - C -

25 C Z AVE ( NUMR , 12 ) , BA S E( NU M R .121 ) , I N ( N l . JM R )  
-- ~~~~~ - - -c-- - -  --- - - - - - - - - — - - —_ - -_— - --- - - - -- - - - - -_ - -- - --- 

27 C A CHANGE IN DIMENSIONS SHOULD BE ACCOMPANIED 
._ BI L CJIA NGE LN_J aE L IMITS C A R D S  — __________

29 C

~

*

~

***

~

*****

~

**p-*********_
31 C 

_ — If I~~~~S~~ UI~~ ~~~~~~~~~~~ CK_LH 1O~~L~~~~~~ • 33 C D ICO Z D IN D A T A  STATEMENT
34 ..  C F E. QN OjJ T .IA PE JNCLUDEJ DNLY A tUFSI1 SO THA .T
35 C E A C H  LOGICAL  R E C O R D  IS A S C A N L I N E .  ( B U F S IZ ~~RE S+2 O ) 

~ VT • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - 5 — - - - -- 

37 C
- • C_~~ H DL ~~~~~~~~~~~~~~~~~~~~~~~~~ L~LL~ WIN~~~~~~~~~. —

39 C D I C O ~~1 IN D A T A  S T A T E ME NT
—~~~~~~ -  HLI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~41 C~ FF ILE  0 2 . N S T D L B . N O S R L S , F I K L N G / 1 54 , B U F S Iz / 1 5 6

- -  • 42 •C WO ft D RL5J6 tJ~~ -  ___

43 C R E M O V E  D ENS FROM OUTPUT TAPE ? C A R D
- -_ C _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~.___ _ _ _ _ _ _

4 5 C* * * * ** * * * ** * * *a* * * * * * * * * * * * * * * * * * * * * * * *e* * * * ** e* * * * * *e
_ _ _ _  _ _ _ _ _

4? C
- — ~~ 4a - 5 - -  -- -5 --- - - — - - 4 9 I M P L I C I T  INTEGER ( A — Y )

50 - -  - REAL ALOGIDsiLOAL • _ ___--- 

51 COMMON Z I N ( 3 6 0 ) ,Z P W R ( 3 6 0 , 1 2 )  
32 - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-— —

~~~I~~
I-I-I— _ _ _ _  _ _  •

_ _  _ _

~~~~

-- -  ::~~~~~-



-•=-- ~~~~~~~~~~~ ~~
—•-5--

~~ 
-5 -- - 5 - -

____________________________________________ ~~~~~~~~~~~~~~~  -
--5

)1 07— 13—78 09 .52 0 G R A Y T O N E  - -

53 C
54 D A T A  LJ t,2 3.4,5.6.?,8,9,10,i1.121 -

55 D A T A  M s N , N F I L E , D I C O , R E S  /1 ,1,1,1,921 /
5-6 - DATA .  GTR .E F /34 1 - -  • - —
57 C
5-8. C - - - - -  -  -

59 R E A D ( 0 2 )  N U M R , N U M A N G , R A D I U S ,W I D T H , A L T ,Z C T A U
- -60 - - _ - - - -  -W R I - TEL6 ~4-07-) . P4UMR,NUMAN G.RAD.IQS.WIDLH ,A LX,lC11j . —- -

61 5 0 7  F O R M A T ( ’  N U M R , N U M A N G , R A D I U S ,W I D T H ,4 18,/ ,
---42 • ‘ A-L LLTUDE - AND PW. SE LENGTH AR-! ‘ .LS.Fl -Q .S) - - - - -  ---  —--— :

63 W R I T E ( 0 4 ) N U M R , N U M A N G , R A D I U S , W I D T H , A L T , Z C T A U
64  •WRITE (O4 )bJFLL E~,DICO,RES - - - - - 5  - • • - - -
65 W R I T E ( O 1 )  N U M R , N U M A N G . R A D I U S ,W I O T H ,A L T ,Z C T A U

-_- ---- - - --— 66---- - : - • _  - -

6? 00 100 1:2,12
_

~~~~~~~~~~8 D O 1 s I  ~~~~~~
_ --

69 CALL  G E T L I N E ( DO 1 , N , N U M R , I E V )
7Q  DO 90 J=1,NUMR — - -5

71 Z A V E ( J , I — 1 ) : Z P W R ( J , I )  H
130 C O N T I~~~E _ •  - — —  • - - - - - - - _  - _

73 
74 - - -  S-TR T ~~Z ~ --LM~~1)fl-- - - - — -  -5 - - - 5

• 75 END = S TRT + M— ’ l
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .: - - - 5 -  — - - - 5 - - - 5  -- -5 - - - - 

7? 00 150 I:1,NUMR 
_ _ _ _?

~~~ — - -  - - Z UM( I O~  — -5 - — — - --- - -_- .  -

79 DO 140 J :STRT , END
__-__ ---_~

_8
~----- _ ---__--t LO--_1&U 1)s lU.MLI)_.

~lPWR(I,J)  - -——-- -—

81 15 0  CONT INUE
- - ~~~~~~~~~~~~~~~~~ . •  -

83 O L D  = STRT—1
-~~~~~~~~~~~~-U—----- - - -~~~~ —NEW- *~-END~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ _

85 KO M PLT 0
0

87 C
— — —

~

- - - - - . - -  C -- -5 -5 - 

89 5 PTS = M* (N—1 )/2
— ~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _~ 

91 DO 200 Ia 1,NUMR 
- - --  ~~~~~~~~~~~~~~~~~~~~~~~~~ PTS +M-- -- — -_ - _- - -  

93 IF(  I .GE. NUM R— N/ 2 )  PTS = PTS—M 
~~~~~~~~~~~~~~~~~~~~~~~~   - 

95 C
____ - ---- - • - - - -   _ _ _ _ _

97 I F ( Z O T  .LT. .001 ) Z O T a .0O1 
- --- - -------- -I-3-T-(4-)- ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - —  ________

99 I F ( I O T C I )  .GT.  63) ! O T ( I ) * 6 3  
IF(IO.T-(.L.) .LT. O) IOT ( I )a-O_ .  • .   _ • • .  — _ -

101 230 CONTINU E
- -  ~~~~~~~~ • _ _ _ _ _

103 W R I T E ( 0 1 )  ( IO T (J ) , J = 1 , N U M R ) 
- - - - - - - - •-- - - - - -_ _ _ _ _ _ _  _ _ _ _ _ _

_ _ _  - 

I~~~~~
- 

~~_~
__~~~iITI. - - - • •



~~~~ IJL-~~I ~~~ - - - ~ - - —- -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_

- T THH~~~~~~~T~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
----

—-

)1 0 7 — 1 3 — 7 8  39 .5 2 3  G R A Y T O N E

105 C
106 K O M PL T  

~~  —

10? IF (KOMPL T .EQ. NUMANG ) GOTO 950
1 08 C - • • -  • -

109 T = L ( 1)
110 00 300 I’l,ii. - -  —-

111 3 ) 3  L ( I ) L (1+ 1)
—_ 1i2_ —  _ L(121 !. - -

4 4 I  P
• l l J

114 1F(KOMPLL GT . (NUMAt4~ — 11)1~~~Ot0 400 - -

1 15 C A L L  GETL INE CL (12) s N , NU MR , IEV )
- - .~~~116  .If (IEV.~~ GL. U G0.TO 900 -  - -  - -

117 GOTO 500
- 5 :  - - - - -~~~~~~ -- - - -  --- --- 5- - - -  ----5------- - -5-  -5---- -- -- --- -5- - -- -— _ _

119 430 CNT=CNT+1
- _ . _ •120 00 410 L!1 ~~~~NUMI~~~~~~~~~~~~~ _

121 410 ZPWR (I.L (12)):ZAVE (I,CNT)
-5 - 5 -5: -- -- - - 5-  - - -.- - - - - 5  - 5- --  

123 530 L O L D  = L( O L D)
- 124._ - LN1W~L1NE W~~  _~~~~~~~~~~~~

125 DO 510 I:1,NUMR
-  - 116_ - —  5i~~~

_ LLIMkI) ~~ MiL -+ZPWikL~ LN 1 Pw~~(r,t.akDJ _ _ _

127 G O T O  5 
_ ._ __ •1~~~~ _ • _ __

~
_ _ _ 

- - - - -- -5 — - - - • -- - - - - - -- _ - - 5 - -  

129 900 WRITE (6,901) IEV,KOMPLT
• - -  — 1~~Q_ _9Q~ !QRMAj _ (±_ABN OR MAL 1j LML NAflQN~~~~~y~~~ j 5 ,L~~ MPLT a ’ ,I5)_ -_ _ _

1 31 STOP
— 132 15O~~~~RkT~~6i951) _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

133 951 FO RMA TC ’ *** WE ARE DONE * a k - ’ )
__ . J.34 _  

- sTQ! • • • _ ~~~~~~~~ _ .  • .   • . _ _ _ _ _ _ _ _

135 END

- 

- 

-5 lIii iI j*~~~~~ 

-

— - 5 -  -5— - —. —-5— 
~~~~~~~~~~ :

—
• 

—-5— 
~ -5,

~~~~~~~~~~~~~~~~~



—-5- - ------ -~~--5=•-5—=- — - -5— -~~~T’~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 5- 
~~~~~~~~~~~~ - -5 ~~~~~~~~~~~~~~~~~~~~

— 1 3 — ? 8  ci9~i2I 
- —

- 

1 
— -  

S U B R O U T I N E  G ET L I N E (L I N E ,N A VG ,N U M R, I E V)

2 - - IMPL ICI T INTEGER ( A — Y )  
- -

3 COMMO N Z I N ( 3 6 0 ) , Z PW R ( 3 6 0 , 1 2 )
4 -5 : -

S READ (32,EN0 900) (ZIN (J),Jal ,NUMR)
6.. C  - - -
7 Z U M= O.

- 1PTR 1~~ - •

9 OPTR 1 
-

11 130 ZU M ZIN(IPTR) + ZUM
- I P T R ~~ I P T R +.1 - - —  - -5 - -

13 IF(IPTR .LE. (NAVG +1)/2) GOTO 100 
- - - - ---5--- - ——  -5 - -- —

15 ZPWR (OPTR,LINE ) ZUM :~ 
—

-- 16 ~ PTR OPTR+1   •

1? C 
ZUM ! ZUM 4~ ZLN~~IPTR ) -   -

19 ZPWR (OPTR ,LINE )= ZUM
_

~~~~~~~~~~~~~~~~~~~~~~~~~~~ QPT =. flPIR±T. .    _ _ _ _ _-5 21 I P T R  = I PTR + 1
-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____ -___

• 23
- -  - • -

25 BOT = 1 
_ I5O~ kUM~~~2UM ZJN(LPIR)-ZINIJiOT.) •~~~~ _ _ _

27 ZPWR(OPTR,LINE)ZZLJ M
_ 2 S~~~~~~~~ — O P T R~~~PiR+1 _ —• _ _ _ _

29 I P T R I PTR +1
_ - 3D_ _ 

- _   .BOT !BOT+1 - •~~~~~~~~~~~~ •~~~~~~~~~~~~~ _ _ _

31 IF (IPT R .LE. NUMR ) GOTO 150
--5— •~I2~ --  - - • — —-

33 230 ZUM ZUM — ZIN (BOT )
•34 ZPWR (OPTR ,L,INE )=ZU .M . -  - -  -—

35 O P T R  = OPTR +1
- 36  ~OT B OT +1 - _ -  -   -

3? IF (OPTR .LE. NUMR ) GOTO 200 
-5 -

39 R E T U R N  
- ~~~~~~~~~~~~~~~~~~~ • - - _ _ _

41 9)0 WRI T E ( 6 , 801 )
-- - 4 2 .  531 — FQRfIAT (’ UJ4EXp .jCTEQ IND ~F D A T A ’ )  -- •. - ——4 3 I E VZ 1  

~~~~~~~~~~ _ _  R E T U R N ~~~~ - - -  ~~~~~~ • - 

45 E N D

220 
— - - - 5 -  -5 - 5 - —  — - - - 5 - . - —  - - - - - 5 - - - - - - --- --— - --— - — - - - - -_---— —-5-— _ _ _
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C.4.3 Rectangular Conversion Computer Proqram

This computer program was written in FORTRAN for imp lementation on a

Honeywel l 66/60. It consists of two subp rograms :

(A) Rectangular Create

(B) Rectangular Array

T

-~~~~ 

__ _ _ _ _ _ _  

221 
_ _  _ _

- 

_ _ _  

IH
• - --5 h

- - 5 -  - _  - -5- -~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~~ --~~~~~ -----—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



0 7 — 1 3 — 7 8  09. 5 2 4  R E C T A N G U L A R  C R E A T E
- --  

1 

- - -  

C R E C T A N G U L A R  C R E A T E  
-

2 C .~~~~ .

3 IMPLICIT INTEGER (A—Y )
— 4 REAL FLOAT ,A - RCO S -

5 DIMENSION BUF (600),TABLE (1030)
.6. DATA ZBMWDJ.DOM?5./
7

R E W L N D(04 ) --

9 READ(04) MAXD IS ,MAXAN G, RAD IUS ,WIDTH 
. 

-

- 10 READ (04) N FILE DICO .RES  - -  -~~

11 W R I T E ( 0 3 ) R E ~ ,D iCO ,NFILE
- 12 -  — -

13 C 
W~~ITE(6 ,9 AX DL$~ M A X A N G , RA D 1 U ~ , W I D T H  -

15 9 FORMA T ( INPUT PARAMETERS — M AX D I s , M A X A N G , RA D I U S ,W I D T H * ,519)
• 1F- .I~ TH - .EQ . O)~ W I-D1H = R A D~~US1MAXD1S - - - - - - 

17
- - - .18 - - DO 100 1 1,-l DOfl

19 1)0 TABLE (I) ARCOS (FLOA T (1)/1000 .)/ZBMWD
20 : - - -

21 C
- -..- 22 C . - -  - - - -  -- - -- - -

23 H F R E S  RES/ 2
- - - —  24- • - - .  IF (2*HFRES ..LT..RES) HFRES = HFRES +1

25 Z S I Z E  = F L O A T ( 2 * R A D I U S ) / F L O A T ( R E S )  — .001
- - - -  -_

27 5 5 5  C O N T I N UE
-- - - - - - - - -

29 03 600 I=1.RES
. .3fl N.X~~ .L . *ZS IZE RADIUS - • -  -

31 IF (N X .EQ . 0) NX ZSIZE/2
~: $-_ —--3-2--— — -~~~~~~ Li ~~ Aa Sc N~

) - -  - - - - --

33 NX 2  = NX * NX
__ 36 - -  - .IFLNJLLT.. O OL_.O tF ..GT . 0) 6010 2 0 0_ — . —

35 0TF = i 
NEG -1   -  —-

37 W R I T E C O 3 )  NEG
---38 - - -  - -

39 2)0 DO 575 J 1.RES/2
.-----_ - -----4-O_-_ .-_ NT J*2-$LZ.E ~tS I2Ei2 - 

41 N Y 2  = N Y * N Y
- 4~~

_ . .• . - R D I S = S~ RTC A~~2*NY2) - --  - . .~  - - - -  -—

43 R RDIS ’WIDTH
—44. -- - -—.——- .—— I-F C - R~ .6-I. - MAX-D-I-S-) --60.1-0 58-0--   -- -- - --- -—--- - - - ____

45 COSANG ZX / F L O A T C R D 1 S )  * 1000.
-
~ -—---—-----46 - - - - - - -  ---— -- - - -A-NG-=-T .ABI. -ECC4SANG- - - —

47 I F ( C O S A N G  .LT.  6 .OR . COS ANG .GT. 996)
- -_ 5 -  AN G a A R C O S L 2 x / F L O A T ( R D X S) ) 1 . Z S M W D  —-. . - •  - —  - -   -

49 IF (ANG .EQ. 0) ANG * 1
-- .——_- - -_s-0 ----__ - C - - - - - -  — - 5— -- - 

51 C
—-.5-2 --  - -L F CR EQ. OL—DR---~,-AND.-.A NG. ,-EQ-. OLD-AN63 - G-OT-4--$-7-S-- --—---— --_____

— 
- - 

222 
-

• 

_  
- -

-

--5 
-5 — - - -



--5. —--5-5- —-5-.---—- —-5- 
— - 

--5 ___•_ _-7_--:__.~~~~
___ 

-

)2 0 7— 1 3— 7 8  09 . 5 ? ~. i E CT A N GU LA R  C R E A T E 
- - -

~ 

-- - _ _ _ _ _

- 

53 C NT CNT+1
54 I F ( C N T  .61. 1) GOT .O 585 . . •~

55 OLDR R
56 OLDANG ! &N& - - - - - - - -

5? 5 8 5  I F ( C NT  .GT. 600) 6010 800
58 F LD(0i1Q,euLjCNx)j~ J-~L . .~~~~~~ - . _ - -
59 F L D ( 1 O , 1 O , B U F ( C N 1 ) ) R O L O R

- 40 FLD(2Q.lQ.BUI CLNUI OLDANG — — •~

61 O L DR a R
62  OLOANG *&t16 _
63 5 7 5  CONTINUE

• 64 550  CMI (NT + 1 - - - 5  -
65 F L D ( O , 1 O , B U F C C N T ) ) a J — 1
66  F L D ( 1Ot 1 0 , B U~~(~~NTjJ !4L~~R - - - 

6? FL D( 2 0 , 1 O , B U F ( C N T ) ) a O L D A N G
68 . O L D R e R  .~~~~~~~~~ 

69 O LDANG * ANG
~~ 7O w R I T E ( . O 3~~. CjjT ~~~~.. - .  - --

71 J R I T E C O 3 )  (3 U F ( I9 ) , 19a 1 ,C N T )
- - .72. .TOT ~~~~TOT + LrtT. .

73 MOST a M A X ( M O S T , C N T )  
.?4  - - - CNT .~~~ ~ . .

75 5 ) 0  CONTINUE
- • 76 6010 950 - • - _ .  _ _ _ _  -

7? 800 WRITE-C6,805) I
- _ ? 8  --  .&D.5 - - FORIIAT . BUIIROVLRFLGW_AL .LI. NE’ ,IS l  .~~~~~~~~~~~~~~~~~~ _ .  - •  . -—

79
— -5— _ _ ____ a0 _ _C___ _ _ _ _  -

51 950 W R ITE (6,951) TOT,MOST 
951 FORM&1(’ WE ARE DONE !.,ZLS.) - . . .  —

83 STOP
END . - _ _ _

—-5-, - - - - --- -5- —-5 - - —- - - -—--—- ----—-- -----. ---- --- - -. —-_---- - --- -  - -----5— --5--  _____—

:. 
_ _  _ _ _ _ _ _ _

S ~~~~~~~ *~~~~~~
-5 -5 •S —S ~~~~~~~ - -. -5-5 -5

~• - • -— - - 
-

F - - , •
- A -~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ S ~~~ .~~~~~ s - ,. -~~~~ — - -5 - - .  .-~--.. -- -



r ‘~ - - - 
- ~~~~~~~~~~~~~~~~~~~~~~~ _ 5 - ,5 -~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _

03 0 7 — 1 3 — 7 8  09 .327  R E C t A N G U L A R  A R R A Y  
- - - - - -

- - -  

1 C RECTANG U L A R  A R R A Y
P

- ~~- - -— --5 - - . - - -  - - -— -— -5 - - - -  - - - --5 - - 5  

3 IMPLICIT INTEGER (A— Y)
6 DLMENS i0N .BASE (360,121)~ BUi(.6QQ),RECOR.D(9ZiI,O1.(i54J5 D I M E N S I O N  1NC36 0 )

_ - : - . . .  - .

7 C IF D I C O  OUTPUT IS D E S I R E D  SET D I CO a 1
• . - - .. .

~~~~ GTH E RW ~~~~~1D&8- .GUT P~~I. .F .0R MA~~ ~~ - - - -  —

9 C
- 10 C - - 5 .  - - 5 -  - -  - - - 5  

11 C
-- .~~~~~~~~ • .  12  R .EWIND (O1) . . - - - . .  -  • -5

13 R E W I N D ( 0 3 )  
__ _— - - --~14

__ - -C -—  — .-— - - - -- - —-— — — - -~~~~-- - - - - - - - - - • -- --— -— _ _ _ _ _ _

- 15 R E A D ( 0 1 )  N U M R , N U MA N G . R A D I U S ,W I D T H  
~~~~~~~~~ - -   -5 ~~EAD C 0.3)R S~~DI.C~~ NF1L . . -— — —  -. - 5 -  _ -_  

17 C
- - - — 18 - 4RITE(6s141)RLS.DICO.NFILE -  - -5 _ _- ——

19 14 1  F O R M A T ( ’  R E S , D I C O , N F I L E  * ‘ g 3 I 8/ / )
- —- - --- -——-- --20 — -- — . - -   . - _ _ _ _

21 C P O S I T I O N  OUTPUT TAPE TO PROPER FILE W I T H  POST.
- - - -.~~~~~~~~~~~~~ -22 --  -C---—-- — L1 L _-L S 110S-E* BY~ SE-T T-I-N.G-- !.*FL I-I. E !— 1 N—-DM A --ST AT EMEN-T-.~-• ,Sv P 

_ -~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~25 I F ( E R R  .ME. O )W R I T E ( 6 , 2 2 3 )  ERR
— - --- --2.6---- —- —---2-21-. -. F0RM-AT( -TRO-U 8I..E--- W-1-T-H---POST---’-,--I-S-) • - ----— .  _ _ _

27 IF ( E R R  .NE. 0) STOP 
- -- 5  - ------- - - - - - - -_ - - --- - - -—  — -—----_-- -----_—---—T--

29 H F R E S  = R E S / 2
_ _ 30 -  - - - -  

31 N180 NUMAN G/2
~~~ - — 3 2  - • ~~ — N90 -: NUMANG / & _ _ _ _

33 C
- - .34. - . D O .. .li.O Li.i,-NUMANG-  — • - ~~~~~~~~~~~~ . -  - —— • _-._~~~~~~~~~~

35 R E A D ( 0 1 )  ( I N (J ) , J ~~1,NUM R )
. . . -3.6 —  ANG a MODL(I+.5J.5.),NUMANG )+1 --   — —

37 W O R D =  ( A N G — 1 ) / 6  + 1
- - -- -- 38 -  - B I T  * MOD...C .(.A tt6 - t) .6)*6  — - - - —  

39
- - ._ - DO 1G5 ..J~~i,.N-UMR -  -5— . -  - — - -—-5 - -- — -

41 1)5  F L D ( B I T , 6 , B A S E ( J , W O R D ) ) z  I N(J )
110 C O NT I N UE -   - -

63 
~~~~~~ - 5 - -  DO 5-00 Is 1.RES - -

45 NUN 1
46 - -  -  READ (-03) C-NT -—  • . .  —
4 7 I F ( C N T  .GT. 0) 6010 7

-- - 4 8  - O T F a 1  - . - - --

49 R E A D ( 0 3 )  CNT 
-- - 50- .- - — -  - 7 - ~~~~A D( O 3L  (BU -U9~.I9’ - 1~~CN1-) - - - - - —  _ _ _ _ _ _

51 S T R T  a 
$2 - - - - -  - E N D FL~~~~.10,8UFC4)~~--__- ----  _ _ _ _  

— -5 - - 5 -  -5 - -5  -5 -

- 

L--
-1

~~~~~~~~~~~ 

- .  - 

-

_ _ _ _ _ _  - - - - 5  — -—- 5- - - -— ~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _  _ _



3 07—13 — 78 19. 3 ? ?  RECTANGULAR ARRAY

53 
- 

R FLD (1O,1Q,9IJF(1))   
- -  -

54 ANG. FLD (2 3.., j Q,BUF(1 .) ) _   — -

55 ANG N90 + 1—ANG
- 5-6 - : .  - .~~~~~~~~~~~~~~~~~~~~~~~~~  --- -- -- -- -- ---- - - - - - --- - -  

5? C
-- 5.8 123 IF (OTF .GT.. 0) GOTO 300   -.  — 

59 W O R D  a ( AN G— 1 ) / 6  + 1
— . - 81T . a MO~iLAHG~1i,6 ~~~~~ _ _ _

61 LEFT  a F L D ( B IT , 6 , B A S E ( R . W O R D ) )
.62 . TH ..~~.N1&O-A14G.t1 ——

63 d O R D a ( T I 4 — 1 ) / 6  + 1
- - - 64 - - B I T  MOD .(IT.H-1),6)*6 - ---5 -  - — - -5 -- -

65 RGT a F L D ( B IT , 6 , B A S E ( R ,W O R D ) )
--- - ---5-- — - —~~~~~~~ - - - . G.OJO .12t . - ~~~ . - -

67
- - - ~~.•68 . • 330 . . TH ~ .NttMAN6~~_ . ANG + • 1 — 

69 WORD ( T H — 1 ) / 6  + 1
• 70 Jj La .. M~~ UTH~~.).,6) .*6 . - -   _ _ _

71 L E F T  ‘ F L D ( B I T . 6 , B A S E ( R . W O R D ) )
72 . . • _ _ _ _  ___-

73 WORD ~ ( T H— 1 ) / 6  + 1
_ _ _ _ _  

_____--_____
75 RGT a F L O ( 8 1 T S 6 . B A S E ( R S W O R D ) )

• . 16 J11 IF( NUM ~~ Q~~~1} RIC0RDU4F...RE1~aR.61
77 DO 200 J S T R T , E N D
7 8 _  -  ~L1~~HF1.ESP.AL — - 

79 J2 H F R E S — J
- .83  ~EC-~ R~~Ui1~RGL ._ . .• _ _ _

81 2)0 R E C O R D ( J 2 ) a L E F T
0

- - .2~~~~~ . - .~~ - - - -5 -5 -• -• 83 NUM * NUM+1 
84 .  .1f UM JT CNfl~~QT~~ 4~~~ . . ~~~~~~~~~ - -___

85 S T R T  a END+1
1

~

DkOL1Q.I

~

FcNV J

~

IL__

~  

_ _ _ _ _  _ _ _

87 R FL D( 1O ,1O, BU F( NUM ))
-5 ‘ • a 8  . A1&G ! E~.D.(2 LQ F( .Ptv r~ . - - 5  - - - - 5 - - --- — - -—-5- -—

-5 89 ANG a N90 + 1-ANG
~~~~~~~~ _

~~~~~~~~~~t2~~~~~~~_ _ _ _  _ _

91 63 0 CONTINU E
_.. . . 92 •~~~~~~~ C _ ._ • ~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~ _ • ~~~~~~~~~~~~~~ -5 

93 I F ( D I C O  .EG , 1) GOTO 420
~~~~~~~~~ C • .  ~~ . - -  -

95 C *a * * * * *~~~** THIS SECT ION W R I T E S  TO I D EC S * * *** * e*  
C. .. .~~~~~~~~~~~~~~ . . • ~~~~~~~~~~~~~~~~~ _ _ _  _ _ _ _

9? C 
_C -5 ___ _ _-5 _ 

. - -  - -  - - _ - - -— - - - - ——  —- - - -5 - - --- ---- - - - - - - - — - - ---5 -- - ----- --- - -

WR IT E ( 0 2 )  ( R E C O R D ( 19 ) , 19 a 1 , R E S )
- 100. . 22- - FORMAT (1X,Z5131 - -  ~~~ .  - — _ _ _ _

101 23 F O R M A T ( 1X , 1 2 3 1 1 )  
G0T0 4.01  •~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _

-- i

C
:_ ..i ITTTI TIll 111 --T 

_ _ _ _

h 225 ‘ - 5-- 5 — --—  --—---5--.  -—-

~~~~~~~~

- - - 5 -- - - - - 5 -  1-5 — - - 5 -5 -5-
~~ — ---5— — -5*  - --—--5---— -- -5-5 - -- - —   -5— -

r - , . ~~~~~~~~~~~~ 
— --5. - - - . .~~~~ . ~~~~

-  -~~- —- - --• ~~~~~ ~~~~~~- -~~--~~~
- - 5  __ -5 S__S ___ .- _ _______ - 5_ -5_



,,.
__

~~

_ 

fl ~~ 
-5 -_ - - -- -S-5,—.,.-,—-——-————-~ - -- - - 

- .:. ‘ 
________  - 

-

)3 07—13—78 39.82? RECTANGULAR ARRAY

105 C 
-

- 105. C .  - -  -

107 C * * * * *  THIS S E C T I O N  W R I T E S  IN DICO FORMAT *** ~~~~~~

108 C -    • .

109 420 00 444 K a l , R ES
11.0 KK k —1 - - -5  -5 . .  •

111 W ORD a KK/6 + 1
1-1-2--- - - -- ---— - -  aIr - - MoD -~~cK~~6~-~ 6 - -  - •- - -   . - -

-5 113 D A T A  a 63 — R E C O R D ( K )
-114 _ .- - .  FL0(81-T ,6~ O~T L W0RD~1~3z DAT*   -— — - --- 

-

11 5 4 4 4  CONTINUE 
116 -  W R IT E ( 0 2 )  OT    -- 

117 6) 1 I F ( M O D ( I ,4 )  .NE. 0)6010 450
- - - - 118  CALL GR E Y MA P ECOR-D~ O-.63,OO1 ,-24O,2,O6)  - -

119 C A L L  G R E Y M A P ( R E C O R O , O , 6 3 , 2 4 1 . 4 8 0 , 2 , 1 O )
-• - --—- --1-20 - - -  - - C~A1.I U-EY MAP~~REC0RD, G~ 63.481,72fl ,2,11.) - -_ _ _  -5— _ - ~~~~~~~~ I

121 C A L L  G R E Y M A P ( R E C O R D , O , 6 3 , 7 2 1 . 9 2 1 , 2 , 1 2 )
- - 122 - . -5 - -5 . .  .  -  -    -- . .  .

123 450  DO 490 Ma l ,R ES
- --_ - _----- . 1-Z4~  — --  - 4-9.0 REC.O-I D CM) a0-~

_  -- —   -  - - 

125 500 C O N T I N U E  U
—---—--1-2.6 -WR - I- T -E-C6 ,50-l) - - -—— - —  — - - - - -- - -

12? 5)1 F O R M A T ( I f . , ’ TH AT IS PiLL FDL (S ’ - )
---- 128 . ENDFI-L E (02)     --

129 W R I T E ( 0 2 ) R E S  
-1-30 . . 9 ~~ .• - 

131 END

226 

_  _
- ;—-5 -5- -5 - - — - - 5 - ~~~~~~~~~~~~~~~~~

- - 5  - 5 .  - 5 -  -5 - -5~~~~ -~~~~~~~~~~~~~~~~~ -- - ~~~~~~~~~~~~~~~~~~~~~~~
-5 - -5

~~~~~~~~~~~~~~~~~ 
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~~~~~~~~~~~~~~~-



09.828 
- -

1 S JB ROUTINE GREY N AP (ARRA Y ,MIN ,MAX,$ TART ,STOP , $TEP ,FC)
- ~~~ •2  - - - IMP LI CI T  INtEGU LA-i) -  _

3 CH A R A C T E R  LINE C3 .125) ,DENSITY (3 ,13)
- ~~~~~~~~~~~~~~~ —-5 - ~~~ - - -  - ~~~~~~~~~~~~~~~~~~~~~~~ ._ _ _ _  _ _ _

S

DMA (DENS1TYU.J ),J~~1,131 j1H ,.1H..,l.H’,.1ft~~~1L+,1k.,l~~~~j~~~~j7 8 1HM.1HT ,1HM,114M/
~~ ATA Cf l E P S IT Y C2 ,J ) ,J~~i~~13LJó* tH...,iHL,ljt.1H~..1Ha,1I1Np 1NId,1I4W

9 DATA (DENSITY(3 .J),Ja1 ,1 3) I 10*114 ,1H( ,1HS .1NS! 
_ _1.0 P 

-

11 C 
L2 UANT .~

_ Ft0AI.(MkX.. — . Mfl4)J13. - -  - -

13 C 
~- --- ----1-4_-- - — ~~~~N Q _ _ _ . .  _ _ _

-5 15 DO 100 IaSTART ,STOP ,STEP
— ----*6- . - -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . •~~~~~~~~~~~~~~~ - _ _ _ _ _

1? IF(CNT .GT. 125) GOTO 200 
— .  

_ _ .18 ItALUE -- a_ F A TCARRAY )—M )J2QUANT-~~ ..- 1 - . .. - -
19 IF( V A L U E  .LE. 0) VALUE 1 

1-F-(V ALUE .61-. 13)--_V tUE_ .a _23 .-__ .._ _ - - --.-_— -_-_ -—_ -____

21 DO 90 Ja1 ,3
-5 _ _ _  22—---_----- ---?0 - -  L NLCJ.tNT) —DE.NSILY(J,VALUE)

23 100 C O N T I N U E  
_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~~~~~~~ _ _ _

25 200 W R I T E ( F C , 1 O )  (L I NE( 1,J ) ,J .1 ,CNT)
- .2.6 -- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  _ _ _ _

2? ~lR ITE (  FC, 1 2) (L INE(3,J  ) ,J a l ,CNT )
• ---_---_----_-- -28 -. -———----i3--_ --FO-RMAT (1X~ 1.25W——

._ _ ._ _ . _ ___ ._ _
~~~~ - _ _ _ _ _

29 12 FOR M AT (1H+ ,125A1 )
30- RETLIRN . ~~. . - 

31 END

I

- - -- ~~~~~~~~~~~~~~~~~~~~ - -  _ _ _ _ _ _ _

1

— - - - —-- - -5 - - - - - - -5 -5 -5 -5 - 5 - -  — _ _ _ _ _

227
-5 — - ~-* 

- -5 • ; •~~~~~~~~~~~~~~~~~ . - -5 ~~~~~~~~~~~~~~~~~~~~~~~~~ • - —-— -5 - 
-5

_ _  I~Jl_ 1 :~~i~~ ’-~ -~~~~~~~~ 
LL~~~


