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ABSTRACT

This report describes the capabilities and operation
of CONTOUR Il, a revision of the surface fitting and mapping
program originally developed by Mr. A. Beharell, now at the
University of Calgary. The program is designed to fit a
geometric surface in three-dimensional space to any given
set of coordinate data points. The computed ''smooth' surface
is then displayed by drawing specified contours on the
Calcomp 936 drum plotter. Although this manual includes
material contained in the University of Calgary report on
CONTOUR, emphasis has been placed on the input changes and
additions made to facilitate the use of this program on the
CDC 6000 computer systems for engineering calculations of fluid
dvnamics problems. Details are presented of the control cards
and input data preparation for operation of the program. A

sample problem is included.

[. INTRODUCTION

The contouring technique to be described was developed by
Mr. A. Beharell and later modified by him at the University of Uulgurvzl
His program was purchased by the Computer Facilities Division of the
Computation and Mathematics Department. Because of extensive interest in
a general purpose, versatile contour mapping program in the Numerical
Fluid Mechanics Branch (Code 1843), the tape containing the code and a
copy of the User's Manual were obtained. The program was then modified
to more efficiently meect the needs of several projects in the Branch

which required contour diagrams. For example, the CONTOUR Il program was

1 "CONTOUR, A Surface Fitting and Mapping Program,' The University of
Calgary, Department of Computer Sciences, CSUG-049 (February 1970).
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used to obtain pictures of wave patterns generated by an Air Cushion
\'ehicle,2 an example of which is shown in Figure 1.

Another application
of this versatile plotting program has been made in the area of

structural stress analysis.
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Figure 1.

Waves Generated by an Air-Cushion Vehicle

Haussling, Henry J. and Vankseltine, Richard T., "Unsteady Air-Cushion

Vehicle Hydrodynamics Using Fourier Series,'" J. of Ship Rescarch, Vol. 20,
No. 2, June 1976, pp. 79-84.




A major change made in the original CONTOUR program involved
dividing the program into ''tasks'* to reduce the computer core require-
ments. In addition, the fixed input arrangement was changed to free
format for ease of use. An extra input card was added to provide several
additional options.

The resulting program, which we call CONTOUR Il to distinguish it

from the original version, is a surface {itting and mapping program which
complements a number of other graphics tools developed in the Branch.
These other programs make use of both passive and interactive graphics
and combinations of the two. For example, .\'YZI’Im'3 is a passive graphics
program for displaying the results of potential flow calculations.
KNGPL0T4 is a computer program subroutine for generating graphs of data

in formats which are useful for engineering studies. DESIGNS was
developed as an interactive computer graphics package for displaying and
modifving projections of three-dimensional representations of vehicle
models. DESIGN has since been modified and enhanced into a comprehensive,

6

modular program called IMAGE. IMAGE 1s an interactive program incor-

porating the three-dimensional features of DESIGN and also providing two-
dimensional graphing capability for representing FORTRAN arrays of data

as cross plots. SC 4060 and Calcomp hard copies are easily obtained.

*
A task is a section of code which may be executed independently.
Morawski, Paul, "XYZPLOT: A Three-Dimensional Graphics Package for
Fluid Dynamics Calculations,'" Computation and Mathematics Department,
Departmental Report (MD-15-75 (August 1975).

Marquardt, Mary Beth, "ENGPLOT: An Engineering Plotting Program,"
Computation and Mathematics Department, Technical Note (MD-9-74
(February 1974).

2 Kelly, Barbara M. and Marquardt, Mary Beth, "Interactive Helicopter :
Design: Geometry Package User's Manual,' Computation and Mathematics

Department, Departmental Report (MD-28-74 (September 1974).

e Haas, Melvin E., "Interactive IMAGE Display Svstem," Computation and
Mathematics Department Report (in preparation).




Any series of data points which can be represented by X, Y, and Z
coordinates (or digital triplets) can be used to describe a surface in
three dimensions. A contour is the line connecting points of equal value.
The CONTOUR II program is designed to fit a surface to any series of
digital points (X, Y, Z). This surface is then displayed for visual
examination by drawing the specified contours.

The surface is generated by first calculating a series of planes
through the data points using various weighting factors and then imposing
a grid over the planes. It is assumed that the result of this operation
is a continuous surface. The contours are then smoothed before plotting
to provide a more realistic picture.

This type of program has been used in many areas where graphical
expression is helpful in data analysis. Some examples:

Meteorology - barometric pressure and other climatic factors.

Geology - topographic and subsurface mapping.

Civil Engineering - location of structures with respect to
such areas as topography.

Cceanography - water salinity.

Space Exploration - representation of magnetic field intensity.
X-Ray Crystallography - electron density.

Medical X-Ray Technology - radiation intensity within the
human body as a result of x-ray treatment.

Air Pollution - pollution indices.

Fisheries - catch of different types of fish within a given
time interval.

Census - census information, population and related items.
Fluid Mechanics - surface elevations, equi-potential lines,
streamlines, pressure distributions.

Much of this report is taken directly from the University of
Calgary report. Changes have been made mainly in the input description.
Control Card examples reflect the DINSRDC CDC 6000 operating system. The

original Calgary version was inoperable on the computers at our

installation.




I1. SYSTEM DESCRIPTION

THE METHOD OF CONTOURING

In order to take advantage of the flexibility of control over para-
meters involved in the contouring process, the user should be familiar
with the method of transforming data into a contour map. A contour map 1is
a two-dimensional representation of a three-dimensional surface, derived by
drawing the lines of intersection of a series of parallel planes with the
three-dimensional surface (see Figures 2 and 3).

In the description following, the Cartesian coordinate system will be
used. Tt will be assumed that the series of parallel planes js parallel
to the X,Y-plane, and intersect the Z-axis at regular intervals as shown

in Figure 2.

INTERSECTION OF

THE z - 15 PLANE
WITH THE SURFACE
25 L
= THE
/ \ =15
"4 15 3 PLANE
7 \\ // \
—10— X —
v
5
X
Figure 2. Sample Three Dimensional Surface Cut by Parallel Plines




Figure 3. Contour Map Produced by Mapping
Intersection Lines of Planes with Surface

The contouring process uses a set of user supplied DATA POINTS.
These are a series of points, described by X, Y, and Z coordinates which
define the three-dimensional surface to be mapped. (See Figure 4).

b2 ?(x,5 v, 2,)

(x4, ¥4, 2,)

Figure 4. Data Points in Three Dimensions

The problem is to create a CONTOUR SURFACE, that is, a three-

dimensional surface which best passes through the given DATA POINTS

, and
best predicts trends between the data points,

Approximation of the

CONTOUR SURFACE begins with the determination of a PLANE surface at each

8]
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DATA POINT, which best reflects trends suggested by the closest
neighboring DATA POINTS. To determine the PLANE surface at a particular
DATA POINT, consider the two-dimensional map of the DATA POINIS in the
X,Y plane (Figure 5). The area around each DATA POINT is divided into
OCTANTS, that is, 8 equal pie-shaped pieces (Figure 6). In each of thesc
OCTANTS a search is conducted for the closest NEIGHBOR in the X,Y plane
to the DATA POINT being considered (Figure 7). The PLANE surface 1s
chosen to pass through the DATA POINT and to pass '"most closely" through
the NEIGIBORS, with a weighting scheme used, such that the PLANE surface
fits more closely to nearer chosen NEIGHBORS (Figure 8). Thus, a PLANL
surface is associated with each given DATA POINT.

?v
Q(Xd, Va)

O(X_,. y_‘)

Figure S, Data Points Mapped in Two Dimensions

A
& CHOSEN

4~ NEIGHBOR
L]

Figure 6. Octants about a Figure 7 Selection ot Newhbors
Given Data Point about a Given Data Pomt




THE DATA POINT

THE PLANE

NEIGHBORS

Figure 8. Determination of Plane Surface Using Chosen Neighbors

The next stage in computing the CONTOUR SURFACE superimposes a
regularly spaced grid on the X,Y plane (Figure 9). Each intersection of
the grid lines defines a GRID POINT at which a GRID VALUE or I-value 1s
computed. The resulting set of GRID VALUES is assumed to define the
CONTOUR SURFACE.

The Z-value at each GRID POINT is computed as follows. At each GRID
POINT a search is made for the N DATA POINTS (where N is a number from 1
to 20) which are nearest in the X,Y plane to the GRID POINT (Figure 10).
The PLANE surface computed earlier for each of these DATA POINTS inter-
sects a line through the GRID POINT and parallel to the Z-axis, giving a
Z-value (Figure 11). The N Z-values thus found at the GRID POINT are each
weighted according to the distance of the DATA POINT from the GRID POINT
such that the closest has the greatest weight. The weighted average of
| the N values of Z is taken as the value of the CONTOUR SURFACE at the
| GRID POINT. This process is repeated to compute a Z-value for each GRID
POINT on the X,Y plane.

ey o e
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Figure 9. Superimposed Grid Figure 10 Selection of Neighbors
z INTERSECTION OF THE PLANE WITH
THE LINE THROUGH THE GRID POINT

ONE NEIGHBOR AND
ITS PLANE
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Determination of Contour Value at a Grid Point

Figure 11
Based on the Planes ot the Neighbors

Having thus determined regularly spaced values of the CONTOUR
SURFACE over the entire map region, the next step is to represent the
three-dimensional surface so defined in two dimensions as a contour map.
Placement of the contour lines on the map proceeds with the consideration

of the CONTOUR LIVELS, one at a time, from lowest to highest. For a
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particular CONTOUR LEVEL, the GRID VALUES determined above are searched
until two adjacent GRID POINTS are found which have values above and below
the particular CONTOUR LEVEL. These two GRID POINTS define a GRID SQUARE
in which a contour line starts. The starting point is determined by

linear proportion between the two GRID POINTS (Figure 12a). This GRID
SQUARE is then searched for another side whose end points lie above and
below the CONTOUR LEVEL under consideration. The contour line is made to
exit from the current GRID SQUARE to an adjacent one through this side,
again by linear proportion between the end points (Figure 12b).

ONE SIDE OF A L

GRID SQUARE :

(a) THE 15 CONTOUR LEVEL % |
WOULD START HERE ———— :

[

IO — — e o

THE 15 CONTOUR LEVEL
10 16 WOULD EXIT HERE

(b) A COMPLETE GRID SQUARE

20 25

Figure 12. Determination of a Contour Line through a Grid Square

The particular CONTOUR LEVEL line proceeds from adjacent GRID SQUARE
to adjacent GRID SQUARE until it closes on itself or reaches the edge of
the map region. At this point, another starting point is found for the
CONTOUR LEVEL or, if these have all been exhausted, the next level is
begun. In order to improve the appearance of the resulting contour lines
a smoothing function is applied, so that a series of straight lines and
angular corners is avoided.

10




DESTGNING A CONTOUR MAP

Several factors should be taken into consideration before attempting
to fill out a sct of control cards for the contouring of a set of data:
1) In order to introduce a set of DATA POINTS into the contouring
program, they must be assigned X, Y, and I coordinates using some
convenient system of units (DATA UNITS). The maximum number of DATA
POINTS in one map is 998.
2) The map boundaries must be ascertained either by studying the maximum
and minimum X and Y coordinates, or by examining an existing map of the
area which shows the positions of the DATA POINIS (Figure 13).
3) A value must be assigned to the lower left corner of the map in X and
Y DATA UNITS. (This i1s the X ORIGIN, Y ORIGIN on the control card).
4) The distribution of the DATA POINTS should be studied and the size of
the GRID SQUARES, which the program will superimpose on the map surface,
should be determined. A good rule is to try to make the grid size such
that no more than one DATA POINT falls within each GRID SQUARE. However,
this is not always practical, since the data may be densely concentrated

in some areas and sparse in others. In a case like this it is best to

choose some intermediate value. It is strongly recommended that square or

nearly square rectangular cells be used. The grid size is defined on the
control card as X GRID.

5) Another consideration in determining grid size is the fact that the
program will only handle 6500 GRID POINTS. The number of GRID POINTS is
determined by dividing the total number of DATA UNITS along the X-axis by
X GRID VALUL to give the number of COLUMNS-1, and dividing the total
number of data units along the Y-axis by Y GRID VALUL to give the number
of ROWS-1. The product of the ROWS and COLIMNS gives the number of

GRID POINTS. In general, doubling the number of rows and columns will
increase computer time by a factor of 4 (Figure 14).

6) The CONTOUR INTERVAL may be determined by examining the range and
variation of the I coordinates of the data. Usually a map with densely
packed contour lines is not pleasant to look at and takes much longer on
the computer. Also, if the contour interval is chosen too fine for the

data, the smoothing algorithm used may cause some contour lines to Cross.

4 e



VALUE AND Y GRID VALUE IN DATA UNITS AND X GRID SIZE
AND Y GRID SIZE IN INCHES

DATA POINTS MAP BOUNDARIES

Wi an "
=

y *
Y AXIS *
® ® L
.o ;
®
YMlN ’
(X ORIGIN, & X AXIS —
Y ORIGIN)
XMIN XMAX

Figure 13. Choosing Map Boundaries

MAP BOUNDARIES

i, 8

ROWS

L

\\c\o L?JMN/S("//

Figure 14. Selection of a Grid




7) The appearance of the contour map produced by CONTOUR from a given
set of data is controlled by a number of parameters in the contouring
process. These parameters can be modified by the user, as desired, to
achieve a satisfactory map. Control of CONTOUR is designed so that,if the
user does not select a value for certain parameters, a standard value will
be assumed. This set of standard values has been chosen to give good
results with most sets of data. The user should also note that contouring
is a process of approximation. The accuracy of this approximation is
affected to some extent by the choice of parameters and also, of course,
by the accuracy and density of the data points supplied. Some increase in
accuracy can be achieved by choosing other than the standard set of
parameters. This will usually cause the program to run longer and hence
be more expensive to use. The following notes indicate the parameters
which the user may alter. The standard value for each is shown in
brackets after the name.
NUMBER OF OCTANTS (5)
This is the minimum number of octants around each DATA POINT
which must contain a neighbor before that point 1s considered
in the contouring process. If the point meets this requirement,
a PLANE surface will be fitted through it which will eventually
influence the determination of the GRID VALULS.
WEIGHTING FACTOR FOR THE DATA POINTS (-2)
As mentioned in the description of the contouring method, a
weighting scheme is used which causes the PLANE surface to fit
more closely the chosen neighbors to a DATA POINT. For the
standard value of -2, this weighting scheme is roughly equivalent
to using the inverse square of the distance of neighbors from
the point being evaluated. A value of -1 is roughly equivalent
to linear weighting. If a value of 99,999 18 entered here, the
weighting will be completely eliminated. Positive values and
zero are not recommended. The effect of increasing the weight
(making it more negative) is to force contour lines to more
accurately honor the given DATA POINTS. However, in areas of

sparse data an increase in weight often causes the appearance

13




of extreme highs and lows.
NUMBER OF NEIGHBORS (10)
This is the number of closest neighbors to a grid point, which
will be used in determining a value at that grid point.
WEIGHTING FACTOR FOR THE GRID (-2)
Used in a similar manner as the WEIGHTING FACTOR FOR THE DATA
POINTS. This weight is applied to the Z-values calculated for
the grid point based on the PLANES from each of the chosen
neighbors.
RANGE (5.)
This is the radius, in inches, within which the closest NUMBER
OF NEIGHBORS must be found, if a grid point is to be evaluated.

8) A number of parameters are also available to control the plotted
output on the contour map. Some of these parameters may be omitted in
which case standard values will be assumed by the program. The following
paragraphs suggest some of output variations possible. Complete details
of these parameters, including the standard values assigned by the program,

are described in section 3.

The user may choose to include or omit the plotting of a title, the
axes, a symbol marking the exact location of each data point, the I-value
of the data point (which may be placed in a variety of positions
relative to the exact location), and the values of the contours. He may
also choose to have some contour lines drawn heavier than others and may
choose to omit contours of less than a specified length or based on less
than a specified number of data points. Unless the user overrides the
standard choice of minimum and maximum contour lines, by entering these
on the control card, the program will choose these limits based on the
maximum and minimm Z-values of the DATA POINTS (or if the data is GRID
POINTS, the maximum and minimum GRID POINT values).

A special feature allows the plotting of a single set of contour
data as two separate contour maps. This is called MAP SEPARATION. The
most common application of this feature would be in the case of residual

y

maps, which involve Z-values above and below zero. [If MAP SEPARATION

14




were specified at contour level zero, two contour maps would be drawn.
The first would show all contour levels below zero, and the zero line.
The second would show the zero line, and those above zero.

Some additional options give the user several useful plotting
capabilities. One of these features is referred to as MAP SUPERIMPOSITION,
which allows two different sets of data to be plotted on the same contour
map. This is useful for comparison of contours or for elimination of a
specific contour level. For example, if it was beneficial to eliminate
the zero contour level, the user would specify negative lower and upper
contour limits on the data cards to produce the first map and positive
lower and upper limits on the next set of data cards (with the MAP
SUPERIMPOSITION flag set to 1).

The user may also specify a ''moise' tolerance based on data
generation errors. With this option the user can eliminate meaningless
contours from the map. A default is used if no value is specified; that
means a tolerance value is presct in the program if none is specified in

the input.

The user may request dashed lines for contours representing negative H
values by specifying a dash pattern and a dash length in inches. A !
default length is already set in the program.

Rody outlines may be drawn on the map by inputting the file number
where the user has set up X,Y points. Gaps or "holes" may be specified.

Outline points must be in user data units. ]

INPUT OPTTONS
Five types of input are available in the CONTOUR program. These
are described as follows:

Type 1 This is the standard type of input most commonly
used: The X,Y,Z coordinates. This information can
be read from anv file containing onec set of values
per record. The format of the data may be read in
free format or as specified by the user. The end
of the input data is indicated by a final record

containing the characters 99.




Type 2

Type 3

This is for input in the form of the coefficients
of a surface equation of order 1, 2, 3, or 4. The
number of coefficiefts required is 3, 6, 10 and 15,
respectively, corresponding to the following
formulae: :
First Order
Z=C1+C2X+C3Y.
Second Order

2 2

AN +C Y

=C +C2X+C‘\+C4 5 6

1 3
Third Order

2 2
X“Y+C XY +C

o o e A IS N 3
Z=C tC X+C_YHC X +C _XY+C Y +C.X +L8 9 'IU\

E 3 4 S 6
Fourth Order
Z 7 e s
4X +C5XY+C6Y +C7X +LSX \+LQX\ + LIO\

i 2,
Xo¥+C, L XY24C ¥
13 S

Z=C1+CZX+C3Y+C

+C X4+C

3
11" 42 4XY +C

1

Input to CONTOUR consists of the order of the sur-
face, number of coefficients,and a string of
coefficients in a free format (see section 3 for
format). No end of data specification is required.

This type of input specifies the GRID VALUES

directly. Normally these will have been generated
in a previous CONTOUR run. Input data consists of
the number of rows and colums of the grid and the

set of values in free format (see section 3).

The order of the GRID POINT values is row by row
from left to right for each row. Neither input
format nor end of data indication are required. A
value of -1E30 will be interpreted the same as a
blank value and no contours will be drawn based on
such a point. The grid input is identical to the

output produced by the PUNCH grid option. Use of

16




this option means a subsequent run will not be
required to recalculate GRID VALUES.

Type 4 This option uses X, Y, Z data and the plane
coefficients generated from them in a previous run.
This option may be useful when it is desired to
produce more than one contour map for a set of data.
This may be desirable to obtain the optional set of
control parameters. Data for this option is
produced by the WRITE COEFFICIENTS output option.
The unit number of the file must be specified as one
of 8, 9, or 10.

Type 5 This option is used to input a set of GRID POINTS
generated by a previous CONTOUR run using the
WRITE GRID output option. Input parameters required
for this option are similar to Type 4. It may be
useful to save and restore GRID POINTS if changes

are to be nade which affect the plotting of the
contours. For example, the second map could have a
different contour interval. With this option,
however, it is not possible to annotate the original

data points as they are not preserved.

OUTPUT OPTIONS

Several output options are available for operations such as printing

the data, punching cards,or writing to a file. Different types of data
can be output. Following is a description of the available options:
PRINT DATA  Any type of input can be printed as required.
PRINT COEFFICIENTS
This lists the coefficients of the PLANE surfaces
fitted through each individual DATA POINT. The
data is printed in a sorted sequence of X,Y,C.

(Data 1s sorted on the Y coordinate.)




PRINT GRID

This lists the entire grid. The grid numbers
produced begin at the lower left corner and
continue across each row from left to right.

WRITE COEFFICIENTS

WRITE GRID

PUNCH GRID

This option creates a file of DATA POINTS and their
associated PLANE coefficients. An identification
record is also written at the beginning of the file.

Several sets of COEFFICIENTS may be written on one
file. This output can then be rewound and input to
succeeding CONTQUR operations as INPUT TYPL 4.

This option creates a file of GRID POINTS. Several
sets of GRID POINTS may be written on the same file.
This file becomes INPUT TYPE 5 in following runs.

This punches GRID POINTS in the format described

for INPUT TYPE 3. This feature can be used to
modify the GRID points calculated by the program.

ITI. CONTROL CARD DESCRIPTIONS

The control cards required to use the CONTOUR program consist of

three types: system control cards, CONTOUR parameter cards, and data if

required.
SYSTEM CONTROL CARDS

Following are two examples of the control cards required to run
CONTOUR II at DINSRDC on the CDC 6000 system. For each run the user
must supply his own tape (slot or bin number) to record the Calcomp

plotting instructions. After the run, the user must submit a request

slip to have the tape processed for Calcomp hardcopy output.
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?
1) This is the set of control cards required if X,Y,Z coordinates exist {
|

on cards.

CAIMCT,(CM60000,T180,P2 ,MT1.
CHARGE , xxXx , nnnnnnnnnn.
ATTACH,CONTUR,, CAMVCONTOURTSK , ID=CAMV.
VSN (TAPE11=CBxxxx) bin tape
REQUEST, TAPE11,HI ,RING.
CONTUR. |
739
Program parameter cards
X,Y,Z data cards
ENDMAP
9
6789

11 is the FORTRAN unit number to which the program writes the

Calcomp plotting instructions.
2) This example assumes the input data exists on a file CAVELLEVATIONS
and is to be read by CONTOUR on FORTRAN logical unit 9 (CDC file TAPEQ).
The program control cards (types 1-6 including ENDMAP and last card (9))
are on a file called CONTROL.

CAEMCT ,(M60000,T180,P2 MT1.

CHARGE , xXXX , nnnnnnnnnn.

ATTACH, CONT , CAMVCONTOURTSK,, ID=CAMV'.

ATTACH, TAPE9, CAVEELEVATIONS , ID=CAVEL.

ATTACH, CONTROL , CAEMCONTROLCRDS , ID=CAEM.

VSN (TAPEL 1=SLOT13=CAIMHC) slot tape

REQUEST, TAPEL1 HI ,RING.

CONT,CONTROL.

89

h789

FORTRAN wnits 8, 9, and 10 may be used for input as CDC files
[APES, TAPE9, and TAPE10. Any files dcfinéd as direct access must be
ATTACHed.

The program internally uses files TAPEO2 and TAPES3. These are
used principally for saving temporary grid files and must not be

disturbed by the user.

19




CONTOUR PARAMETER CARDS

There are six parameter cards required by CONTOUR. These are Map
Title Card, Contour Map Parameter Card, INPUT/OUTPUT Card, Processing
Parameter Card, Plot Parameters Card and Extra Options Card. All cards
must be included in the specified order. All cards except the Map Title
Card are in Free Format.

Free format (or List Directed) input data consists of a string of
parameter values separated by one or more blanks, a comma, or a slash.
When the value separator is a slash, remaining list elements for that
card are treated as nulls, that is, the values set in the program are
used.

To repeat a value, an integer repeat constant is followed by an
asterisk and the constant to be repeated. Variables of differing types
should not be repeated with the same constant. For example, to read
X,Y,I,J the user must input 2*7,2*7, and not 4*7 (assuming X and Y are
real and I and J are integer). For more information on free format input,
see CONTROL DATA FORTRAN Extended Version 4 Reference Manual.

Map Title Card This card specifies a title for the map. The title
is printed as the output heading and plotted above
the map.

5o ) (P L |
Col. 2-79: Any desired title information

Contour Map Parameter Card
This card contains variables which are related to
the size and scale of the contour map. There are

no defaults for any field on this card.

Parameter 1: 2

Parameter 2: X-ORIGIN - the value of X at the lower left in
DATA UNITS.

Parameter 3: X-GRID - the number of data units along the side of

a GRID square parallel to the X axis.
Parameter 4: Y-ORIGIN - the Y-value in data units at the lower

left corner of the map.
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Parameter 5: Y-GRID VALUE - the number of data units along the
side of a GRID square parallel to the Y-axis.

Parameter 6: CONTOUR INTERVAL - the number of Z data units
between successive contours.

Parameter 7: COLUMNS - the number of colums in the GRID to be

superimposed over the map area. This number minus 1
times the X-GRID SIZE determines the map length in
inches.

Parameter 8: X-GRID SIZE - the length of the X side of a GRID
square in inches.

Parameter 9: ROWS - the number of rows in the GRID to be super-
imposed over the map area. This number minus 1
times the Y-GRID SIZE will give the height of the
map in inches.

Parameter 10: Y-GRID SIZE - the number of inches along the Y side

of a GRID square.

INPUT/OUTPUT Card This card is used to select any desired input and

output options and also to describe the input data.

Parameter 1: 5;

Parameter 2: INPUT TYPE
= 1: Data records in X,Y,Z coordinates. Records
may be free format or variable format specified as
input. [nd of coordinate values is indicated by a
99 on the last record.
= Z: Data records are trend surface coefficients
input in free format.

3: Data records are GRID POINTS in free format.

1]

]

4: Data records are X,Y,Z coordinates and plane
coefficients on a file generated by the WRITI
COEFFICIENTS option (Parameter 13)

= 5: Data records are GRID POINTS on a file generated

by the WRITE GRID option (Parameter 14).




Parameter

Parameter

Parameter

Parameter

Parameter

Parameter

Parameter

Parameter

Parameter

~J

Parameter 9:

10:

INPUT UNIT - Fortran logical unit of the input data.
The card reader is 5. Files may be on any of the
units 8, 9 or 10.

REWIND - Enter a 1 if the input unit is to be
rewound (positioned at start) before reading. The
card reader cannot be rewound.

INPUT JOB - this applies only to Input Types 4 and 5
where the input file was created by a previous
contour run or step. It is the number of the job in
which the data was created. It is a sequential
number corresponding to map sequence. This number
is printed at run time for each job step.

X POSITION - this specifies whether the X variable
is the first (1), second (2) or third (3) variable
on input. The default value is 1.

Y POSITION - this specifies the position of Y
coordinate as 1, 2 or 3. Default value is 2.

Z POSITION - similar for Z-coordinate position.
Default is 3.

END TEST POSITION - the value 0 or 1 to indicate
that the position of end of record characters 99

and read with an A2 format is either the first (0)
or last (1) variable. This entry required only for
Input Type 1.

PRINT DATA

1 to list the input data

i

1)

0 otherwise (default)
PRINT COEFFICIENTS

1 to print the PLANE coefficients

i

0 otherwise (default)
PRINT GRID
= 1 to list the GRID POINTS

= 0 otherwise (default)

FENESP - S - oz
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Parameter 13:

Parameter 14:

Parameter 15:

Parameter 16:

WRITE COEFFICIENTS - Fortran logical unit on which
coefficients are to be written if this is desired;
valid entries are 8, 9 or 10. (Default=0, no
coefficients written.)

WRITE GRID - Fortran logical unit for GRID if it is
to be saved. Valid entries are 8, 9 or 10. Default
=0 (no GRID file).

PUNCH GRID

1 if grid file is to be punched (CDC file=TAPE7).
0 otherwise.

VARIABLE FORMAT FLAG - for Input Type 1. This is

the flag to indicate whether the data records are

to be read in a particular format or in free format.

0 free format

1 variable format

The variable format is input on the following card

in 6A10 format. It must be enclosed in parentheses.

An AZ specification must be included as either the

first or last field. This will be the position of ’
the two nines (99) entered in the last record of the

input file.

(PLEASE NOTE: Using the WRITE GRID or WRIT! COEFFICIENTS one must

remember the job number of the step as it is printed out or the data

cannot be read back again.)

Processing Parameter Card

Parameter 1:

Y

Parameter Z:

This card is used to select the parameters used in
determining the CONTOUR GRID. Intries not
specified will take the standard svstem default
value.

il

NUMBER OF OCTANTS - the minimum number of octants
around cach DATA POINT which must be filled with
NEIGHBOR'S to ensure the DATA POINTS inclusion in

the contouring process. The default is 5.

ta
i
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Parameter 3: WEIGHTING FACTOR FOR THE DATA POINTS - the factor
to be used in weighting a NEIGHBOR'S contribution
to the PLANE surface fitted through the DATA POINT.
The default value of -2 is approximately equivalent
to weighting according to the inverse square of the
distance between the DATA POINT and its neighbor.

Parameter 4: NUMBER OF NEIGHBORS - the number of closest
NEIGHBORS to a GRID POINT which will be used for
determining a value at that GRID POINT. The
default is 10 and the maximum permissible is 20.

Parameter 5: WEIGHTING FACTOR FOR GRID - the factor to be used
in weighting contributions to the GRID POINT value
from the PLANES of the neighboring DATA POINTS.

The default value is -2.

Parameter 6: RANGE - the radius in inches of the search area
around a GRID POINT. The NUMBER OF NEIGHBOR's must
be found within this radius if the GRID POINT is to
be evaluated. The default is 5.0.

Plot Parameters Card
Users may alternate 3 pens in one job. Colors
green, red, blue and black are available. The
basic setup for the Calcomp 936 is:
Pen 1 - black
Pen 2 - blue

Pen 3 - red
A change in pen arrangement will increase the basic
charge rate. 1If the various pen options are used
(other than 1) one must be certain to give the
plotter operator the appropriate instructions.
Parameter 1: 5
Parameter Z: WIDTH - the maximum width of paper (in inches) to

be used when drawing the map. [f the size of map
i is greater than this width, the map will be drawn

in as many segments as it requires, ecach of which

24




Parameter 3:

4

Parameter

w

Parameter

Parameter 6:

Parameter 7:

Parameter 8:

Parameter 9:

Parameter 10:

Parameter 11:

is the specified width. Approximately 1.5 inches
is required for title information and so for 11-
inch paper a value of 9 is usually optimal. The
default value is 28.

PLOT TITLE

= 0 no title plotted (default)

= 1 through 3 if title is to be plotted with
corresponding pen.

PLOT AXIS - 0 to 3 have same significance as PLOT
TITLE.

PLOT SYMBOLS - 0 to 3 as above.

SYMBOL NUMBER - any nonzero number will select the
corresponding plotter symbol (see SYMBOL TABLE in

the plotter manual) to be drawn at the X\,Y location

of each data point. Default is the symbol X.
SYMBOL SIZE - height of symbols in inches; default
15 .0,

PLOT DATA - 0-3 with same significance as PLOT
TITLE. Default = 0.

DATA SIZE - the height in inches at which the data
values will be drawn if PLOT DATA#0 (Parameter 8).
Default=.07.

DATA POSITION

=0 if posted data values are to be centered on the

DATA POINT position.

=1 1if values to be posted to the right of the DATA

POINT.

= 2 for above the point.

= 3 to the left of the point.
= 4 for below the data point.

DATA ANGLE - the angle in degrees at which data

values are to be posted. This angle is measured in

degrees from the positive X-axis. Default=0.

v

|
|
I
!
i
. _—.—_—-——N



Parameter

Parameter

Parameter
Parameter

Parameter

Parameter

Parameter

Parameter

Parameter 2

Parameter

Parameter

12:

13

14:
15

16:

7

18:

19:

DATA FORMAT - the number of decimal places to the
right of the decimal point. Default=0 (none).
PLOT HEAVY CONTOURS - pen number 1-3 or 0 for no
Same as PLOT TITLE.
plotted twice to give a bold line.

PLOT LIGHT CONTOURS - 0-3 as above.

ANNOTATE HEAVY CONTOURS - a value 0 to 3 as above.
1f nonzero, the numerical value of the heavy

plot. Heavy contours are

contour lines will be plotted along the contour line.
ANNOTATE LIGHT CONTOURS - same as above (Parameter
15) except for light contours.

ANNOTATION SIZE - the height (in inches) at which
contour annotations are to be drawn. Default

value = 0.1 inches.

ANNOTATION FORMAT - number of decimal places to the
right of the decimal point for contour annotation.
Default=0 (none).

HEAVY CONTOUR FREQUENCY - a number N such that
every Nth contour will be drawn heavy.

MINIMUM ANNOTATION LENGTH - a value in inches such
that any contours shorter than this value will not
Default=5 inches.

MINIMUM NIMBER QF PQINTS -

contour based on fewer defining points will not be

be annotated.
a value such that any
drawn. The default value is 4. For maps to be

drawn in more than one segment this parameter should
be specified equal to 1.

MINIMUM LENGTH OF CONTOURS - a value in inches such
that any contours which are shorter than this value
will not be drawn. The default value is 3 times the
GRID SIZE specified.

more than one segment this parameter should be set

[f maps are to be drawn in

to 0.01 in order to ensure matching of contour

lines at the boundaries.
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Parameter 23:

Parameter 24:

Parameter 25:

Parameter 26:

Parameter 27:

Parameter 28:
Parameter 29:
Extra Options Card

Parameter 1:

Parameter 2:

‘ol

Parameter

Parameter 4:

CONTOUR LOWER LIMIT - any contours below this value
will be omitted.
CONTOUR UPPER LIMIT - any contours above this value

will be omitted. If both contour limits are zero,

the contour limits are chosen from the data.
MAP SEPARATION - the contour map will be plotted in
the normal fashion up to and including this contour

level. Then a new map will be started beginning
with this contour level. This is the feature
called MAP SEPARATION discussed in Section II. If
the following two parameters are .c¢~o, all contours
are drawn on one map.

PLOT HEAVY CONTOURS - same as Parameter 13 except
applies to separated map.

PLOT LIGHT CONTOURS - as Parameter 14 for separated
map.

ANNOTATE HEAVY - as Parameter 15 for separated map.

ANNOTATE LIGHT - as Parameter 16 for separated map.

§]
SUPERIMPOSITION FLAG - flag to define a super-
imposition of one map on another.

= 0 no superimposition

= 1 superimpose this map with the next.

Default value is 0.

NOISE TOLERANCE - a value which determines when a
contour has no real meaning. When two Z-values on
the grid are less than or equal to this value in
distance, that contour will be eliminated. Default
value i1s 0.0001.

DASH LENGTH - real number to define the length in
inches of a dash or space in the dashed lines.
Default value is 0.06.




et -
Parameter 5: DASH PATTERN - integer number to define the pattern
of the dashed line contours. Default value is 0 (no
dashed lines). The dash pattern is a 12-bit pattern
with each bit representing a one dash length
interval along the contour.
Dash Pattern Value Dash Pattern Value
- 2730 4078
_ — — — 3510 —_— - = 4074
3789 —_—— -~ 4010
_— 3900 —_ — — — 3818
—_— ——— 4030 —_— 3962
—— e 4094 R — 3754
_—_ 4092 —_— —_— - 3276
—— 4032 - - - - 2340
—_——— - 3770 —_— = - 3876
i 4044 _ -— 3970
Parameter 6: JUNIT - tape number where outline points are

located. Outline points may define some body or
detail to be superimposed on the contour map.
Default value is 0 (for no outline points).

=5 for card input

= 8,9,10 for permanent file or tape input

ENDMAP A card with ENDMAP typed in A6 format must appear between each .0

Ind of Job

sets ofdata cards to produce a contour map.

The last ENDMAP card of the last set of data cards mav be
followed by a card with a "9" in col. 1, or by a 7/8/9 "end of

record" card (or 6/7/8/9 "end of file" card if the input file is

28
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other than the card reader).

INPUT DATA CARDS
Following is an explanation of the preparation of the five different
input types.

Input Type 1 - X,Y,Z Coordinates
This data may be input in free format or a particular format
may be specified by setting the flag in Parameter 16 of the
Input/Output card. In either case, data consists of one set of
X,Y,Z coordinates per record. The series of input data pcints
must be terminated with a record containing the characters 99.
Any X,Y,Z values appearing on the 99 card are ignored. Special
care must be taken if the free format is used. Free format will
always expect to read four parameters per record unless a
slash is encountered. Therefore, each data record must read
X,Y,Z,0 or X,Y,Z/ and the end record must read 0.,0.,0.,99; or,
depending on the end test position indicator, 0,X,Y,Z for each
data record and 99,0.,0.,0. or 99/ for the end record. [t may
facilitate the free format input to indicate that the 99 will
be the last characters of the record (i.e., Parameter 9=1 on

Input/Output card).

Input Type 2 - Trend Surface Coefficients

This type of data is read in free format. The data record
consists of the order of the trend surface (1,2,3,4), the

number of coefficients (3,0,10,15, respectively) followed by

the coefficients. No end of data specification is required.

Input Type 3 - (rid Points
This type of data is read in free format. The first record
contains the number of rows and the number of columns in the
grid. Each succeeding record (as many as required) contains up

to seven grid point values

29




Input Types 4 ud 5

These are formats internal to the program produced using the
appropriate read and write options. Input option TYPE=5 must
have parameter 5 of card 5 equal to 0 (plot symbols) and

parameter 8 of card 5 equal to 0 (plot data) or the program will
fail.

OUTLINE INPUT DATA CARDS

Outline points are specified as X,Y coordinate pairs. They are read
in free format, one pair per record. Tc lift the pen (specify a 'hole")
the user inputs 998., 998. . The end of data indicator is 999., 999.
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V. SAMPLE RUN

Below is a sample of a simple, straightforward CONTOUR run. One map

was produced from one set of X,Y,Z coordinates.

The input was as follows:

CAEMCT,(M6000,T180,P3 MT1. 1843/MARQUARDT

CHARGE , CAEM, nnnnnnnnnn .

ATTACH,CONT , CAMVCONTOURTSK , ID=CAMV .

VSN (TAPE11=CB0536)

REQUEST, TAPE11,HI,RING.

CONT.

789

1 TEST CONTOUR MAP

2.100.,5.,100.,5.,5.;21 . 4,21,.4

3.1, 5000000101 11 00001
5.0,2F4.0,A2)

7,0,10.

148 125 140
122 131 145
143 145 152
158 149 146
115 155 155
IS5 ESZRIGS
155 1650156
185 168 145
165 170 157
135 172 154
112 181 145
175 182 170
153 183 143
149 186 140
182 193 145

9
6789

.1,1,1,2,.02,1,.07,0,0.,0,1,1,1,1,.1,0,5,10%0

This job consists of 15 data points having the following minima and

maxima.

Minimum
112
125
140

- >

]

t

Max imum
185
193

173




Both the X origin and Y origin have been chosen as equal to 100. The max-
imum required for both X and Y is 200. A grid size of 5 data units
corresponding to .4 inches has been selected. The range of both X and Y
is 100 data units, therefore, at 5 units per grid square, 20 squares,
(X and Y in this case) are required. Hence, the number of colums and
number of rows in the grid matrix both equal 21 for a total of 441 GRID
points (21 x 21). The map size is .4 x 20 (both directions) or 8 inches
by 8 inches. The input is from card images, hence the input unit is 5.
The order of the coordinates is X,Y,Z and the input format is
(F3.0,2F4.0,A2). The A2 is for the 99 value in the last record used to
signal the end of the data. Output requests are:

a list of the input data.

a list of the coefficients of the PLANLS generated.

a list of the GRID matrix created.




Jo&8 1

TEST CONTOUR wAP

| MAP PARRASNE T ® €<
| SIZE IN ORIGINAL OATA UNITS
X - 100,000 UNITS TO 200,000 UNITS GRT) 5175 - 5,000 UNITS

Yy - 100.000 UNITS TO 200.000 UNITS GRID SIZE - $.000 UNITS

PHYSICAL MAP SI7Z€
X = 8,00 INCHES GRID SIZE .«0 INCH
Y - 8.00 INCHES GRID SIZF .0 INCH
SIZE IN COMPUTER

21 COLUNNS 8Y 21 POWS TOT AL k41 GRID SQUARES

ItNPYUT-0UTPUT PARAMET ERS

INPUT INOICATEQ - X,Y,2 DATA IN 8BCO

| INPUT UNIT 5 PRINT TATA {

| REWIND O PRINT CHSFFICIINTS g

| INPUT U408 0 PRINT GRID 1

i X VARIABLE 1 OUTPUT COEF ON UNIT o
| Y VARIABLE 2 OUTPUT GRID ON UNIT 0
P 7 VARIABLE 3 OUTPUT 510 ON CARDS 0
| POS. OF ENO TEST 1 INPUT FNIMAT (F3,0,0,42)
|

E

1]

i

i

i

|

|

||

|

i

|
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EXECUTION MESSAGE'S

READING X,Y,2 DATA IN BCD - START = «223 SECONDS
- END = «270 SECONDS
- TOTAL = + 847 SECONOS

NO. OF DATA POINTS = 15 |

CG0OORGINATES 0 F CONTOURING 0O A TA

145.00000000
122.00000000
143,00000000
158.00000000
115.00000009
135.00000000
155.00000000
185.00000200
165.,00000000
135.00000000
112.0000C030
175.000060000
153.00000000
143,00000000
182.00000000

125.00000000
131.00300000
1645,00000000
1-3.00000000
155,00000¢C00
157.00000000
165.00000000
168.00000C00
i70.00v00000
172.00000000
151.00000000
142,00000000
143.00000000
186.00000000

140.00000000
165,00800000
152.00000000
146.00000000
155.00000000
173.00000000
156.00000000
1645.00000000
157.00000000
15«.00000000
145.00000000
170.00000000
143.00000000
140.0000000C0
145.60000000

133.00000000

EXECUYUY ION HMNESSANGES

EVALUATION OF PLANES THROUGK OATA POINTS - ST4ART = «327 SECONDS
- =NQ = « 393 SETONDS
- TOTAL = «026 SECONDS




COEFFICIENTYS 0F PLANES THROUGH 0OATA POINTS

cy) Ct2)ex Ct3rey
«3702667E¢03 «1333333F+00 ~+2000000E¢01
«6B819612€+02 «1176471E400 «6296116E+00
«1701725E+03 ~«8712343E+00 «7338900E+00
« 16269465403 ~eTh262868E000 «6765711E+00
~«6961538E+02 «153846K2€001 «3076923E+00
«1670287E+03 ~+54860168E-01 «0520668E-01
«16403585+03 =+6199563E-01 «9536278E-02
~«2928571E+01 ~e7571429€+00 «1716286E¢01
«73067835+02 «7226068E+ 00 ~.2076331E¢00
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EXECUTION HiESSKGES

DETERMINATION OF CONTOUR GRID = START
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NUMBER OF GRID POINTS EVALUATED = by
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