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PREFACEI

The work reported herein is a portion of a seismic research program

conducted by the U. S. Army Engineer Waterways Experiment Station (WES)

and sponsored by the Project Manager, Remotely Monitored Battlefield

Surveillance System, U. S. Army 'Materiel Command, Fort Monmouth, New

Jersey, under Project No. IX764723DL73 entitled "Target Signature Data

Base Study."

The work w4b under the direct supervision of the Chief, Mobility

and Environmental Systems Laboratory (MESL), Mr. W. G. Shockley, and the

Chief, Environmental Systems Division (ESD), MESL, formerly Mr. W. E.

Grabau and currently Mr. B. 0. Benn, and under the joint supervision of

the Chiefs of the Environmental Research and Environmental Characterization

Branches, ESD, MESL, Messrs. J. R. Lundien and J. L. Decell, respectively.

Personnel making significant contributions to the preparation of the

report include Messrs. Decell, M. A. Zappi, P. A. Smith, M. M. Cul-

pepper, L. E. Link, and Lundien. This report was compiled by Mr. Benn.

Director of WES during this work and preparation of the report was

COL G. H. Hilt, CE. Technical Director was Mr. V?. R. Brown.
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U: CONVERSION FACTORS, U. S. CUSTOMAR'( TO METRIC (SI) AND
MLETRIC (SI) TC U. S. CUSTOMARY UNITS OF MEASUREMENT

Units of measurement used in this report can be converted as follows:

Multiply By To Obtain
U. S. Customary to Metric (SI)

feet 0.3048 ietres

miles 1.6093 kilometres

tons (shorL) 0.90718 metric tons

Metric (SI) to U. S. Customary

millimetres 0.0394 inches

centimetres 0.3937 inches

metres 3.2808 feet

kilometres 0.6214 miles (U. S. statute)

kilograms 2.2046 pounds (mass)

newtons per metre 0.0685 pounds (force) per feet

grams per cubic centimetre 0.0361 pounds (mass) per cubic inch

centimetres per second 1.968 feet per minute

metres per second 2.237 miles per hour

kilometres per hour 0.6214 miles per hour

kilogram-second-centimetre 0.0270 slugs-seconds-inz.hes

I
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RATIONALE AND PLAN FOR FIELD DATA ACQUISITION REQUIRED

FOR THE RATIONAL DESIGN AND EVYALUATION OF SEISMIC

AND ACOUSTIC CLASSIFYING SENSORSV I\

PART I: INTRODUCTION

Background

I.. A major objective of the Project Manager, Remotely Monitored

Battlefield 6ensor System (RFMBASS), is the development uf a seismic or

an acoustic sensor (or both) that can classify (at the sensor) targets,

i.e. discriminate among helicopters, fixed-wing aircraft, tracked

vehicles, wheeled vehicles, walking men, and background noise, in world-

wide environments. The approach almost universally taken to design

logic for classifying sensors uses measured signals from targets of
interest. From these signals, features that can be consistently associ-

iated with a particular target are sought by means of mulciple correla-

tion techniques. It haG been documented that the correlation techniques

are strong tools for evaluating and correlating the discriminating

features of specific target classes; however, the dependence on empiri-

cal data restricts the applicability of the desired design.

2. Experience has shown that seismic and acoustic signals are af-

fected by a number of target and environmental variables, which often re-

sult in an inability of the sensor to associate signals collected under

one set of conditions directly with signals collected under other condi-
1

tions. However, REMBASS sensors are intended to work satisfactorily un-

der a large variety of target and terrain conditions, and it is recognized

that an adequate design will be forthcoming only if seismic and acoustic

signals representative of those that would be gene'rated in the real

worl1 are used in the design data bases. From a simplistic viewpoint,

it can be argued t•;at a solution to the design problem rests in gener-[ ating a data base of sufficient size and statistical representativeness

that would permit, with existing data analysid techniques, the isolation

5 A
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of the features that are unaffected by the generation and propagation of

the seismic and acoustic energy. More mature consideration of the large

number of vwriables involved briugs the realization that literally

thousands of empirical tests would be required to ,define the signature
•L 2

envelope for a given target class. Still more tests would be required

to establish that the synergistic effect of combining certain variables

* would not result in nearly identical sigratures from two or more classes

of targets.

3. In view of the problems associated with designing classifying

sensors strictly on the basis of empirical data, it appears prudent to

attempt to generate a design data base by using a balanced experimental

and theoretical program. In this approach, well-controlled empirical

tests are conducted in a spectrum of target and terrain conditions,

thereby providing measured data for use as interpolation benchmarks. In

the theoretical portion of the program, realistic simulation models are

used to estimate how the signatures would vary (from benchmark to

benchmark) if the various terrain and target factors were varied through-

out the range of interest.

4. The simulation techniques required in a balanced theoretical

and experimental program should be applied with the realization that
there is no such thing as -n "exact" theoretical description of a

phenomenon, and, therefore, there would always be some uncertainty As to

how representative of the total population of signatures a given signa-

ture is. In this report a systematic experimental program is proposed

by the U. S. Army Engineer Waterways Experiment Station (WES) that is

aimed at developing seismic and acoustic data bases of defined worldwide

* representativeness. The results of the program are intended to provide

considerable signature data for use directly in the design of classi-

fiers and also to verify simulation results so that as au adjunct an

analytically generated data base can be used in the design process with

confidence.

6
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Purpose

5. The purpose of this report is to present a plan, and the

rationale for its development, for assembling a data base for the

development and testing of two types of seismic and acoustic clas'ifying

sensors:

a, A sensor for use in a preliminary REMBASS. The sensor

must be capable of classifying single targets in terrain

and background noise conditions representative of world-

wide conditions. This sensor is considered by REMBASS to

be in engineering development.

b. An advanced-development sensor that is capable of classi-

fying single targets in a multiple-target environment.

This sensor must also perform in worldwi.de environments.

Scope

6. The plan:

a. Defines the targets to be used in the data collection

program.

b. Defines the test site conditions to be used in the data

* collection program and develops a method of relating test

site conditions to worldwide environments.

c. Establishes a method of assembling a data base of real-

istic background noise signatures.

d. Specifies the test procedures for signature acquisition

from the various target classes.

7. The development of the plan required study of several factors

that cause instability in seismic and acoustic signatures, i.e. target,
terrain, and background noise factors that induce variations in the

signatures. Part II of this report presents the rationale for select-

ing the targets to be used in the data collection program. Part III

addresses the problems asfociated with signature variations induced by

different terrain conditions. Included in this part of the report is a

7 
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terrain matrix, the elements of which form a realistic combination of

the terrain factors that affect seismic and acoustic signatures. Also
included is a description of the methods used to combine the terrain

element data and published terrain maps into a prediction of how seismic

and acoustic sensors would be expected to work worldwide. Part IV is

i .devoted to the development of a theoretical and empirical scheme for

establishi!g a background signature datz Lase. Part V summarizeb the

IK data acquisition procedures and includes a list of the teets, test

,I sites, and targets required to implement the plan.

i. ,' 8. It is emphasized that this report is to be used in conjunction

with Reference 3, i.e., the test sites, instrumentation used, and target

conditions should be documented in accordance with Reference 3. For

this reasor, details concerning these aspects of the data collection

program are treated only briefly in this report.

8
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PART II: TARGET SELECT!101

9. A major complication that affects the quality' of the data base

available for the design oi classifying sensors is the fact that the

largest portion of existing seismic and acoustic signature data has been

collected from U. S. vehicle3. Implicit in this practice is the assump-

L:, tion that signatures from foreign and domestic vehicleb (in the same

class) are very similar; however, data to demonstrate this are scarce or

nonexistent. There are only a limited number of foreign vehicles avail-

able to the U. S, development agencies, and, therefore, any comprelien-

sive signature data collection program rtr REMBASS will have to make

extensive (although not exclusive) use oi the U. S. vehicles. For this

reason, it is necessary to compare U. S. and foreign v, hiclet, on the

basis 7if the seismic and acoustic signatures they p:.oouce. Th 's part of

the report presents a list of U. S. targetis (and a rationale for select-

ing them) to be used in the REMBASS Engineering Development and Advanced

Development programs.

U. S. Versus Foreipn Vehicles

10. Since the vehicle parameters that control seismic an' acoustic

signatures (i.e. those vehicle parameters listed in Table 1) have been

identified, it seems reasonable to assume that the parameters could be

used as a basis for selecting U. S. vehicles that would yiel. signatures

similar to several types of foreign vehicles. An extensive literature
4-29

survey was undertqk.,n to identify U. S. and foreign military vehicles

and to assemble the relevant information (that listed i_, Table 1) on

them. The foliowing major problems emerged early in the study:

a. A large number of vehicle types are identified, many of

which are modifications of the basic type. For example,

Reference 4 lists three types of 5-ton,* 6x 6 cargo truck,

* A table of factors for converting U. S. customary units ol measurement
to metric (SI) units and metric (SI) to U. S. customary units is given
on page 4.

9' I

'' A M A A 9 . * l . l0 *', * - - .- - . . .- ' . .



i.e. M54, M54A1, and M54A2. The M54 cargo truck has a

spark-ignition engine, the M54A1 has a diesel compression-

ignipn engine, and the M54A2 has a mult.fuel compression-

i'i/•0i, engine. The different ignition systems will

cause subtle differences in the seismic and acoustic

signatures and therefore all types must be listed.

However, other vehicle types have such modifications as

hard cab versus canvas top, which would not change the
signature of the vehicle. It was decided to inventory

and list all the pertinent data on all vehicle types,

including all modifications.

b. A large number of U, S. vehicle types are experimental or

prototype vehicles. It was decided to include all these

vehicles in the inventory because some running prototypes

exist. It was felt that prototypes can possibly be used

in a field program if they are the only U. S. vehicles

that produce signatures sitilar to important foreign

vehicles.

c. Complete data (listed in Table 1) exist for only a few

U. S. and foreign vehicles. A single source of useful

(but not complete) data was not readily available at WES

or at any one Department of Defense (DOD) office. There-

fore, various publications had to be ordered from a

number of different sources. All material had not been

received at this writing (July 1975).

11. The vehicle types identified are listed in Tables 2-9 as

follows:

Number of
Table Vehicle Class Vehicle Types Listed

2 U. S. wheeled 273

3 USSR wheeled 146

4 U. S. tracked 110

5 USSR tracked 79

6 U. S. rotary-wing aircraft 36

10
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Number of

Table Vehicle Class Vehicle Types Listed

7 USSR rotary-wing aircraft 13

8 U. S. fixed-wing aircraft 104

9 USSR fixed-wing aircraft 65

Because of the large nurber of vehicles identified early in the study,

the vehicle inventory does not include any vehicles manufactured prior

to 1940 and also was restricted (with a few exceptions) to vehicles of

•y. U. S. and USSR manufacture.

Selection of Foreign Vehicle Analogs

Ground vehicles

12. the large number of individual models listed for each country

necessitated the comparison of the vehicle parameters by classifying theF I vehicles according to categories of some of the vehicle parameters

listed in Table 1. As stated in paragraph lOc, all the data required

were not available and a much abbreviated list of parameters had to be

used. For many wheeled vehicles the following important parameters were

available: weight, number of wheels, tire size, suspension type,

horsepower, fuel type, and coolant type. 11ovever, only weight, horse-

power, and coolant type were consistently available for many cf the

tracked vehicles. Each U. S. and each foreign vehicle (where sufficient I
avaiabl4-29)data were available was classified or grouped (b; computel) accord-

ing to the parameter categories listed in Table 10. Table 11 summarizes

the results of the classification for the wheeled and tracked vehicles

and presents groupings of U. S. vehicle tlpes that can be expected to

yield signatures similar to groupings of foreign vehicle types. 'lable 11

shows two categories of foreign vehicles, "Desired Foreign" and "Other

Foreign." The desired foreign vehicles were those vehicles identified

in Tables 3 and 5 that met the following criteria,

gl4



a. The vehicle had to (potentially*) exist in significant

numbers in Warsaw Pact countries; or if the vehicle was

of new design, production had to have been initiated or

w as likely to be initiated.

b. All weight classes (light, medium, and heavy) had to be

represented in each vehicle class.

All the foreign vehicles that met the criteria above are listed in

Table 12. Those foreign vehicles that did not meet the criteria, but

could be classified (data were available), are listed in Table 11 as

"Other Foreign" vehicles.

13. In sum-ary, the U. S. vehicles that should be used in the

data collection program are those listed in Table 11 under the heading

"Proposed U. S. Analog," It is emphasized that the listing does not

always identify a specific L. S. vehicle as the proposed analog, but

raiher a group of U. S. vehicles. This specification was omitted delib-

erately to permit the final selection at the locality where the signa-

ture tests are run. The selection then can be rationally biased toward

what is available at the test location.

14. Study of Tables 11 and 12 reveals that there is not a U. S.

analog for all the desired foreign vehicles; i.e., no analogs were found

for the following:

Wheeled Tracked

T-l1l T54

T-13C T55

T-141 T62

OT-64 M70

OT-64

Also no data are available for certain foreign vehicles; therefore, i..

was impossible to determine whether or not there is a U. S. analog for

the tracked M-1973 and M-1974. Based on the information summarized

above, it appears prudent to:

* Data are not ava.. able to estimate the total number of vehicles of a
given type. Estimaces are made on the basis of TOE (Table of Organi-
zation and Equipment) allowances for the various military units.

12



a. Put highest priority on gath.,ring data on those foreign

vehicles that have no U. S. analogs.
b. In all cases possible, collect signature data (con-

currently) on the foreign vehicle and its U. S. analog to

demonstrate that the U. S. analog actually generates a

facsimile signature.

c. Review and study existing DOD signature data to compare
(where possible) signatures from U. S. analog vehicles

and the corresponding foreign vehicles to demonstrate

that the U. S analog actually generates a facsimile

signature.

d. Solicit from the Foreign Science Technology Center and

other intelligence sources information on those vehicles

identified as important but for which no descriptive data

are available.

Aircraft

15. Criteria similar to those stated in paragraph 12 for ground

vehicles were applied to the foreign aircraft (Tables 7 and 9) to arrive

at a listing of foreign (exclusively UM3R) aircraft from which signa-

tures are desired (Table 13). It should be noted that data on the

number of any identified aircraft were not available; therefore, the

listing in Table 13 siould be considered tentative. As much of the

target data identified in Reference 3 (Table I) as was available was

assembled for each foreign aircraft listed in Table 13, and the values

of these parameters were compared by compuZer with the corresponding

values for the U. S. aircraft. This analyis resulted in identifica-

tion of USSR aircraft that could be considered analogous to a given

U. S. aircraft. The characteristics of the U. 3. aircraft are licted in

Table 14 along with the corresponding data for as many of the desired

aircraft as applicable. The U. S. aircraft (extracted from Table 14)

that can be considered A!logous to the foreign aircraft and should be

used in the data coliection program are:

13
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RaLar-Win ~ Fixed-Wing

CH-46F None available

UH- IN

TH-57A

CH-3B

Study of Tables 13 and 14 reveals that a 11. S. analog is not listed for

every desired foreitgn aircraft, i.e., no analogs were "ound for the

following aircraft:

Rotary-Wing Fixed-Wing *

M4i-l2 Tu-22

Mi-6 u1

MiG-21

An- 22

11-76

Tu-1.44

Also no data were availdble for certain foreign aircraft; therefore, it

was impossible to determine whether there is a U. 3. analog. These

aircraft are:

Roary-Win Fixe-Win~

Ka-22 Tu-95

Yak-24 T u- 16

Be-12

Yak--25
MiG-25

MiG-21

An- 22

Il-76

Tu-144

14 1



16. In summary, there appear to be few U. S. aircraft that can be

assumed to generate seismic and acoustic signatures that would be

facsimiles of signatures generated by USSR aircraft. It is emphasized

that the results presented in paragraph 15 are based on incomplete data:

therefore, the conclusions presented on the foreign aircraft from which

signatures are desired (Table 13), as well as the list of foreign

vehicle analogs (paragraph 15 and Table 14), should be considered

"tentative.

1I'1I 1.5

"___

-- -,,



S. . . . . . ....... .. . .. . .... . . .

PART III: TEST SITE REQUIREMEN¶LS

17. It is desired that REMBASS work satisfactorily any place in

the world. It is generally recognized that there will inevitably be

conditions under which the terrain will constrain the operation of the

system, but the goal is to develop a system that is as terrain insensi-

tive as possible. Experience with classifying sensors has emphasized

that their performance was closely related to the terrain conditions n on

which the design data base was generated; therefore, it is important to

know where in the spectrum of world terrain a given test condition lies,

Fiom a statistical standpoiut, testing in all terrain conditions that-

affect -eistisic and acoustic signatures appears impossible; so the ability

to generalize, i.e. extrapolate or interpolate the signals collected at

a s:.'e, is as important as the data collection effort itself. The test

sites recomiended for use have been selected on the assumption that the

data could be generalized by analytical methods, The racionale for
establish-_ag the test site requirements is developed in the fo1lowing

paragraphs-.

Tetrain Factor Considerations

18. Seisoic signatures are normally more sensitive than acoustic

signatures to environmental conditions, but exceptions do occur. For

example, wind has both a direct effect on acoustic signatures (i.e., it

could carry the scund away from the sensor) and an indirect effect

(i.e., it could cause noise as it flows around vp 6 etation). and. thereby

could obscure the acoustic signals. Also, Loft soil conditions cai.,

cause a vehicle target to work harder, thereby iucreasing the e'g• .

noise; but at the same time, the soft soil would tend to decrease tire

or track and hull noise. Because of this sensitivity of seismic signa-

tures, the test site selection criteria are based p:imarily on se-.,ic

considerations, but documentation of oite conditions should include all

K the terrain data (specified in Reference 3) needed to extrapolate both

seismic and acoustic signatures to other terrains.

16



"19. The terrain factors that significantly influence the magnitude

and frequency content of a generated seismic signal are:

a. Ground surface rigidity (surface spring constart, N/m;

and maximum deformation, m).

b. Bulk properties (compression wave velocity, m/sec; shear
3r wave velocity, m/sec; and bulk density, g/cm

c. Depths to interfaces, m.

d. Surface roughness, rms elevation in cm (important only

when it causev motion in the target mass; used primarily

for vehicle targets and not walking-man targets).

These factors are discussed in the following paragraphs.

20. As a target moves along the ground surface, the material ovet

which it moves will deform in a nonlinear manner. The amount of defoc-

mation can be estimated from load-deflection (plate-load) t•.•. on the
30

material. The force the target applies to the ground with reipect to

time is related to these ground deformations, thus affecting the magni-

tude of the seismic signal generated by the target.

21. The properties of the various soil layers (i.e. compression

wave velocity, shear wave velocity, bulk density, and thickness of each

layer of material) affect to a great extent tbh coupling and propagatlon

of the generated seismic signal. These parameters vary directly with

the type of material present. Generally, a more rigid material will I
allow l.ess coupling of the signal to the substratum, but will attenuate

thi. slgt~al to a lesser degree as it is piopagated. Conversely, a softer

material will allow more coupling of the signal e.ergy, but will atten-

uate the propagated ainal "o a greater extent. In general, for a given

surface soil condition, the shear wave velocity and dep+h of the ficst

and second layers i.re gocd indicators of substratum rigidity and there-

fo c, to a large extent, control the seismic responses from a given

locatioai. These factors used ia conjunction with WES propagation models

form tn= t.iystone foz selecting the test site and relating the test

results tc worldwide conditions.

17117 4?
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Terrain matrix
?2. To approximate the spectrum of terrain conditions that

affect the generation and propagation or seismic signals, the normal

range of variation for each of Lhe terrain factors (paragraph 19) was

defined, and a terrain matrix, elements of which are realistic combina-

-ions of terrain fact-rs, was compiled (Table 15). It was recognized

that a matrix could not be designed that would account for every possible

variation in terrain conditions that is known to exist in the world,

For this reason, the following guidelines were followed in developing

the terrain matrix:

a All. elements of the matrix should be composites of

terrain features that could mosL likely be found in the

real wirld. The matrix elements selected should repre-

sent those conditions that would be likely to occur a

3ignificant percentage of the time.

b, The matrix should contain combinations of factors that

woul.' result in the "best-case" and "worst-case" perform-

ances, and also combination of factors that would result

in performances for several intermediate cases. Thus,
the matrix should span the ranges of values that are

possible. in the world environment.

The defived terrain matrix (Table 15) contains 70 terrain elements.

From a technical standpoint, it would be desirable to test the vehicles

in real-world conditions that correopond to all 70 terrain elements; but

for practical reasons, signature data will have to be obtained from much

fewer locations. For this reason it is important to establish the

relative significance of each element, i.e. areal extenL -ad the degree

to which each element affects the seismic signal.

Seismic response
23. From previous studies (paragraph 21 and Referenc.ý ;0,* at WES,i

it has been shown that thie shear wave velocities of the surface aLA

subsurfoce soils strongly influence the generation and propagation o•

seismic energy. This fact suggests that seismic responses could be

displayed in terms of shear wave velocity and thereby provide a ratiorn..
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I/
mears of grouping or further generalizing the elements listed in Table ýý4

Figure 1 displays the shear velocities fox the various terrain matrix

elements, i.e. top-layer-material shear wave velocity versus foundation-

material shear wave velocity, along with the general descriptions of the

materials commonly fo'ind with the various shear wave velocities (a more

complete description of each element is given in Table 15). Each of the

crosses in Figure 1 represents several elements in uhich the layer

thicknesses are different (e.g., top layer is 0.25, 1.5, or 4.0 m thick).

The values of she.ar wave velocities shown are presented to span the

range of values found in nature (excluding hard, c, ,petýent rock); there-

fore, note that the top-layer-material shear wave velocity ranges to:

about 1200 m/sec. Top and foundation layers can be found that exhibit

the full range shown; however, velocities in surface layers greater than

about 600 m/sec are relatively uncommon.

24. To generalize the relative seismic response from each matrix

element, seismic signatures pre(icted fo5 the PT76 (USSR light tank) at

a range of 300 m were analyzed (Figure 2) in terms of the maximum sig-

.nal amplitude; i.e., if the particle velocity span (maximum positive

peak to negative peak) of the seismic signature was between 0 and 0.2 x

10- cm/sec, the matrix element was considered to have poor seismic
-3response; if the particle velocity was between 0.2 and 0.5 x 10 cm/sec,

the seismic response was considered fair; and if the particle velocity
-3

Was 0.5 x 10 cm/sec or greater, the seismic response was considered

good.

25. Large amounts of seismic signature data have been collected

by WES and other DOD agencies at sites it, the following locations:

Other DOD
WES aen c ie s

Yuma, Arizona X X

Vicksburg, Mississippi X -

Fort Huachuca, Arizona X*

Panama Canal Zone X X

'Da~aculle-,;Le in both wet and dry seasons.
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Other DOD

WES AgYencies

Fort Bragg, North Carolina X* x

Eglin Air Force Base, Florida x x

Aberdeen Proving Ground, Maryland x x

Fort Wainwright, Alaska x -

oneywell Proving Grounds, Minnesota X X

ellis Air Force Base, Nevada x -

Fort Levis, Washington X -

Puerto Rico X

West Germany x

Fort Carson, Colorado X -

General Motors Proving Ground, Milford, Michigan X X

Fort BIvoir, Virginia X X

* Data collected in both wet and dry seasons.

Figure 3 shows a plot of shear wave velocity for the top and foundation

layers at all sites at which WES has collected data. Comparison of

Figures 2 and 3 reveals that the bulk of the signature data have been

collected at sites that have relatively good seismic responses. For

this reason priority should be given to testing at sites that have

relatively poor seismic. responses, i.e. sites that have high shear wave

velocities in their first and second layers.

Areal extent of the terrain elements

26. To arrive at an estimate of the relative occurrence of each

of the terrain elements, they wore correlated with published map infor-

mation. As indicated in paragraph 19, the terrain factors in the matrix

are quite specific; but the published information on the world's terrain

conditions is normally thematic maps of physiography, agriculture (soil

type and texture), lithology, etc. Correlation between the terrain

matrix elements and the more general mapped data can be established in

only a qualitative sense, and then only if several of the general

terrain factors are combined and considered simultaneously.

27. The published maps were reviewed to determine (a) the types

and quality of thematic maps available, (b) their scale and usefulness

20
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in meeting the required objectives, and (c) their immediate availability.

Five thematic maps depicting regional associations of terrain character-
istics (factor families) were selected: surface configuration, surfnce

soil texture, subsurface lithology, state of ground (water table regimes),

and vegetation (see Tables 16-20). These maps were regionally inter-

preted and adapted to provide the required input data for the compila-
""tion (or superposition) of thematic m.,ps of the world. A map scale of

1:50,000,000 was chosen as being the most compatible for the mapping
task.

28. The five thematic maps were stacked manually to compile and

produce a thematic faci:or complex map. This compilation process gene-

rated "unique" map units of the world that are characterized by an array

of five separate terrain characteristics (factor families). A total of

1052 unique map units were thus kdentified (Plate 1). Table 21 is the

legend for the factor complex map (Plate 1). The numbers in the legend

under surface configuration, soils, lithology, etc., correspond to the

category numbers identified in Tables 16-20. For example, map unit 1

(Table 21) is situated in a plain (Table 16, category 1), the soil. is

predominantly sand (Table 17, category 1), and the lithology is con-

solidated rock (Table 18, category 1), ,etc.

29. The terrain descriptions Lhat identify the various terrain

matrix elements (Table 15) were qualitatively correlated with the array

of terrain characteristics obtained from the five thematic maps (Table 22).

For example, terrain description 1.10 could exist in each terrain factor

under which a 1 is entered in the first line of Table 22. A computer

program was developed to associate the unique map units of the themaLic

factor complex map with all the possible terrain descriptions that could

be associated with the various terrain matrix elements. Table 23 is a

portion of the computer-generated key that ident.Lfies the terrain matrix

element terrain description numbers associated with the unique map units

of the thematic factor complex map.

30. Or. the basis of the shear wave velocity criteria shown in

Figure 2, for both the surface and foundation materials, and the thick-

ness of the surface layer, the terrain matrix elements were classified
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into the seven categories of seismic reaponse (Table 24). Using this

classification scheme, each ur.ique map unit of the thematic factor

complex map, which had been previously correlated with the terrain

matrix element terrain description numbers, was assigned to a category

of seismic response, thus producing a world map that delineates areas of

relative seismic response (Plate 2). It is emphasized that the map

depicts the predominant seismic response of each area. Within each area

delineated, the seismic response will vary because of local variation in

terrain conditions that could not be identified at Lhe mapping scale

used. Study of :'Late 2 illustrates two points:

a. A significant purtion of the world will exhibit fair to

good seismic response (category 3); therefore, it can

be assumed that seismic sensors can be designed to

lunction adequately in a large portion of the land mass

of the world.

b. Figure 3 shows that relatively few tests have been con-

ducted at sites that fall in category 3; therefore,

additional signature data should be collected in these

tCv"es of seismic-response areas. Also, significant

portions of the world's land mass exhibit fair to poor

seismic response, and extensive signature data should be

collected in these areas also (categories 6 'nd 7). I
Test Site Recommendations

31. In general, a spectrum of sites (based on their shear wave

velocitics) should be selected to span tht range of variation found in

nature. Because the bulk of available signature data has been collected

in areas of relatively good seismic response, priority should be given

to data collection at sites with top-layer shear wave velocities greater

than about 400 m/sec. The foundation-mwaterial velocities should range

from about 200 to 1600 m/sec. The sites should exhibit a variety of
first-layer thicknesses. Since surface conditions affect seismic and
acoustic signatures, tests should be conducted on a range of surface
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conditions; i.e., tests should be conducted on both smooth roads (good-

quality gravel or pavement) and cross-country, and one site should have

soil soft enough to result in extensive rutting. More specifically, the

following tabulation can be used as a general guide to selecting sites.

Foundation- First-
Top-Layer Material Layer
Shear Wave Shear Wave Thick-

Condi- Velocity Velocity ness Prior-
tion rn/sec m/sec m Site Surface ...

1 >500 300 ">2.0 Cross-country 2
2 >400 >400 N/A Smooth road 1
3 >400 >400 N/A Cross-country 2
4 >400 >600 <0.5 Cross-country 2
5 >400 >600 <0.5 Smooth road 1
6 >400 >600 >1.0 Cross-country or smooth 2

road
7 >700 >1000 <0.5 Cross-country 2
8 >700 >1000 >1.0 Cross-country or smooth 1

road
9 <200 ,200-<600 <0.5 Smooth road 2

10 <200 >600 >0.5 Smooth road 3
11 '.200 >600 >1.0 Smooth road 3
12 >400 >600 <0.25 Smooth road 2
13 <200 >600 >1.75 Smooth road 2
14 <200 <600 >1.0 Smooth, soft surface (ex- I

tensive rutting desired)

32. Other factors that must be considered in the selection

include:

a. Ease of access to the site.

b. Vehicle logistic and security support.

c. Weather conditions; for example, testing in Alaska iii the

d. winter would not be cost-effective.

d Background noise, cultural and natural.

No site will be optimum with respect to site and support conditions, and
-i. i:,'the selection should be biased toward the site conditions and ,~riorities

listed in paragraph 31. Also, specific sites used for collection of

design data should be situated where the background noise is relatively

quiet. Sites meeting almost all the criteria listed above can be found

on government property at Yakima Firing Center, Yakima, Washington; Fort

Hood, Texas; and test areas available at the WES, Vicksburf, Mississippi.
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PART IV: BACKGROUND NOISE CONSIDERATIONS

VI33. One major complication in designing classifying sensors is

Kthe impossibility of incorporating a sufficient number of realistic

background noise signatures into the design data base. A sensor must be

designed to operate at any arbitrary point where the background noise is

the result of a combination of various noise sources. The noise source

will often be transitory (storms, highway and air traffic), but can be

permanent (pumpiing stations, stream noise, etc.). Furthermore, the

distance from the noise source will affect the resultant noise signature.

34. To attempt the collection of a sufficient number of back-

ground signatures that would constitute a statistically representative

sample of the total population of background signatures is probably

foolhardy. It appears much more feasible to collect data from a number

of independent noise sources and combine them analytically by using

seismic- and acoustic-signal propagatior, models.

35. Figure 4 shows the five major steps required to develop a

realistic background noise design data base: (a) catalog background

noise sources, (b) obtain signatures from the various sources, (c) deter-

mine interrelation of sources, (d) compile a matrix of sotirces and their

corresponding distances from arbitrary points in the world environments,

and (e) superimpose signatures from sources by using WES propagation

models. The following paragraphs discuss these steps in more detail.

Noise Sources

36. Independent noise sources are grouped into two categories:

cultural and natural. Cultural background noises are those nontarget

noises that are the result of man's presence or activities. Natural

background noises are those nontarget noises that are the result of

nature's activities. Table 25 is a tentative list of noise sources that

are considered to be sufficiently independent (o~r unique) to yield

representative signatufres. The field data collection program should be
directed toward iueasuring signatures from these sources. Measurementj
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duration should include at least one 24-hr cycle.

Map Study

37. In any geographic location of the world, at any selected

point on the ground, at least one and probably more of the cultural

noise sources listed in Table 25 will be encountered. In some large

geographic areas, such as countries or segments of countries, there will

be a certain mix of cultural sources that could be expected to occur at

any given location. This may be due to such factors as the overall

level of development, long-term cultural history, or primary commerci~'l

products (industrial, agricultural, etc.). One factor that would cer-

tainly affect the mix would be the proximity to the point source se-

lected. That is, the larger the area (around a selected point) ccn-

sidered, the greater the probability that a large number of back-

ground noises will be encountered. Thus, to determine the probable

mix to be encountered, the s'ampling points for a given geographic arearmust be not only randomly selected, but also sufficient in quantity to
ensure a statistical representation withiLn some desired confidence

limits. In the case of a particular interest, the purely random aspects

might be partially abandoned in the form of influencing the sampling

locations so that they are representative of the range in variation of

the contributing factors. For inst~ince, in considering seismic signa-

tures, such factors as soils, geology, vegetation, slope, etc., play a

part in contributing to the resulting signature. Thus, it is desirable

to select areas (on the basis of an analysis of the combination of these~

factors) that are representative of the range of variations existing.

This was accomplished in West Germany. Figure 5 shows the locations of

the 1:50,000 quadrangle areas that are deemed to be most representative

of the range of variations that exist in the terrain factors mentioned

above.

38. Within each 1:50,000 quadrangle selected for study the noise

sources had to be sampled. The following paragraphs describe the

procedures by giving an example using the Fulda quadrangle northeast of

25
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PART V: DATA COLLECTION PLAN

40. As stated earlier, state-of-the-art techniques for correlat-

k!' ing target signature features with the various vehicle classes require a

"signature data base representative of the total signatu,(e population. A

rigorous definition of an adequate data base cannot be V'dde at this time

(July 1975) because information is not available to define the expected

signature variation f:om a given vehicle type (i.e. the M113 type or the

M151 type) nor the signature variation from a given vehicle class.

Table 1 identifies the target variables, i.e. components of the ground

(wheeled and tracked) and air (rotary-wing and fixed-wir.g) vehicles that

are known co affect seismic and acoustic signatures to some degree.

Table 1 contains a sufiicient number of variables to suggest that "here

can be a great derl of signature variation within a given target claas.

Furthermore, soi, signature variations within t\ target type can be

expected because of differences in manufacturer and because of the

normal variations in mechanical performiance cauf,ed by changes In parn

tolerances with age (wear).

41. The design data base should have signatures t:hat span the

range of signature variations not only as a function of the various

types of vehicles within a class, but also as a functicn of the environ-

ment within which the signature is generated. Data to define the si,-nal

variation associated with a target type and class should be generated

with singie targets. These data are intended to provide the required

data for REMBASS engineering development, i.e. for the simpler ;ingl.e-

target classifiers. F~or a classifier capable of performing in a

multiplu-targeL environment (advanced-development classifiers), data

must be generated to permit definition of the information extractable

(about a siagle target) from signatures made up of two or more targets.

42. This part of the report describes a series of tests that will

yield data critical to the defiAition of the seismic and acousticAI

signal variations within a target type and target class. Also, a plan

is presented for the collection of seismic and acoustic response data
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from multiple targets such that an information extraction threshold

(concerning a single vehicle) can be defined. Further, data collection

from background noise sources (Table 25) is described.

Single-Target Data Acquisition

Signature variartins from
targets of a single type

43. Signature data collection programs are often conducted using

only. one vehicle to represent a vehicle type. Often, as in the case of

foreign vehicles, only one vehicle is available; furthermore, excessive

costs preclude use oL more than one target type if U. S. vehicles are

used. The danger exists, however, that a specific vehicle could have a

dtscrepancy that generates a signature feature that could bias the

design of the logic of a classifying sensor. During the production of a

specific type of vehicle, production controls ensure that the component

parts meet certain specifications. During assembly, these parts are

cunnected, again within certain tolerances, into a working mechanical

system.

44. The performance of this assembled system must also meet

.ertain specified criteria, and it is probable that only slight signa-

tare variations will result from vehicle to vehicle, especially when the

measurement being used considers the synergistic effect of the many

slight variations, i.e., variations in one component may tend to compen-

sate foi variations in another. Certain vehicle components may tend to

wear aneve•Lly; therefore, old vehicles may produce more erratic or

significantly different signatures than new ones.

45. To rigorously ascertain the signature variations for all the

vehicle types of interest would be extremely costly and time-consuming.

Some data, however, are badly needed to demonstrate that signatures from

a single vehicle are represencative of signatures from thet vehicle

type. The following paragraphs present a plan for determining signature

variktions in a specific ttrget type. A set of tests to be conducted,

in which IgnaLures are measured under controlled conditions, will be
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described, and the data necessary for characterizing the target and

terrain conditions will be specified.

Targets

46. The tests will be restricted to types of vehicles within two
target classes: wheeled and tracked vehicles. Based on the comparisons

according to probable seismic and acoustic signatures (Table 11), and

the resulting t-argets defined Zor use in the data collection program,

the tests will use an M35AI wheeled vehicle and an M113 Armored Per-/
sonnel Carrier tracked vehicle. The data to be collected and the test

conditions specified will apply to both vehicles.
47. Three vehicles of each type should be selected at random from

a large pool (more than 20) of vehicles whose overall condition is

determined to be "reasonably representative of live conditions," e.g.

have been readied for unit training by normal maintenance procedures.

The selection of these vehicles, from those available for use at the

test site, should be accomplished with a minimum of bias.
48. Once the vehicles have been selected, they should be in-

spected for major deficiencies such as a bad muffler, etc. If such

deficiencies exist, the vehicle should be rejected and another vehicle

selected. The vehicle data listed in Table 1 should be compiled for

each vehicle type to provide data for predicting seismic and acoustic

signatures. In addition, the overall condition of each test vLhicle

should be documented so that variations in signal characteristics can be

related to variations in vehicle conditions. At one test site it would

be desirable co obtain signatures from a vehicle (if a multifuel vehicle

is available) using both diesel oil and gasoline to provide a basis for

comparing the signatures of significance as related to fuel.

Test sitconditions and layout

49. No special test site condition is specified for these tests.

Therefore, any of the 14 terrain conditions recommended in paragraph 31

would be satisfactory. However, the tests should be repeated in at

least two different areas, e.g. Yakima Firing Center, Fort Hood, or

Mississippi (total of 12 vehicles, six from each class).

50. The general layout for these tests is shoni in Figure 8.
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Three test conditions will be required: (a) a paved road; (b) a cross-

country condition, i.e., characterized by soil covered with some type of

low vegetation; and (c) an obstacle course that is level except for an

obstacle, wider than the vehicle, placed at the closest point of approach

to the sensor and perpendicular to the direction of travel. The obstacle

should have a semicircular cross section whose height (radius) is 20 cm

and base (diameter) is 40 cm. Each of these test conditions should be

situated in the same environmental setting.

51. The constant-speed section (see Figure 8) of each test lane

will vary in length depending upon the terrain conditions and target

being testLe. This distance will be the result of a field decision

subsequent to determination of the seismic response characteristics of
S~the site. In the past, this distance has varied from less than 500 to

about 2000 m for uhe M35A1 and the M113. The acceleration and decelera-

tion sections of the course should be at least 100 m long, but for the

faster test speeds, more than 100 m may be needed for the acceleration

lane.

Conduct of tests

52. Each vehicle should be run at two constant speeds through the

smooth paved-road course--10 km/hr and convoy speed. The vehicle

should be accelerated and decelerated gradually up to and from the

desired constant velocity. For the cross-country test course, the tests

should be conducted in the same manner except for speeds. For this

course, each vehicle should be run at 7.5 and 30 km/hr. For the obstacle

course, each vehicle should be run at constant speeds of 5 and 12 km/hr. J,

An event mark should be placed on the signature recording to indicate

entrance into and exit from the constant speed zone, and at each 50-m

interval throughout the test course. Recordings of seismic and acolistic

signatures should be initiated in the acceleration lane and be continued

until the vehicle comes to a stop in the deceleration lane.

Signature variations from
targets of a single class I

53. As stated in paragraph 41, data to define the signature

variations associated with a target class should be generated with
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single targets. These variations result from differences in the

vehicle types within the class in addition to differences resulting from

travel mode of the target, site conditions, and range from target to

sensor. Targets of interest for this data collea.tion effort are:

wheeled ground vehicles, tracked groind vehicles, rotary-wing aircraft,

fixed-wing aircraft, men, and backgroune•. The U. S. ground vehicles

selected as most desirable are liE:ted in Table 11, and the desired

aircraft are listed in Table 14 (note that no U. S. fixed-wing aircraft

have been identified as analogous to Warsaw Pact- airr-raft), Walking-man

targets, though not addressed in detail thus far in this report, are

Srequiired and data should be collected from both single-man Lwid r.quad
targets (i.e. one, three, and seven men). Site req, iroments are recom-

mended in paragraph 31. The following paragraphs discuss the te.st
method and course layout for each target class.

54. Ground vehicleb. The test method and layout should be

identical to those described in paragraph 52 and shown ia VJ'igure ,

respectively. Duplicate tests should be run for each vehicle referred

to in paragraph 13 on both improved road, cross-counLtry, arid obstacle

sites on as many of the test (terrain) coi,dIfions listed in paragraph 31

as possible. The wheeled vehicle data acquisition sho'xld be conducted

first, starting with the lightest vehicle and proceeding to the W!I.Ust.

The tracked vehicle data acquisition shoý,ld follow in a similar malaner.

This sequence will minimize the influence of previous vehicle runs (i.e.

on the geometry of the test path) on the on-going tests and eliminate

the wheeled vehicle reaction to track pad imprints in the ground. 'I'is

is especially important on cross-country sites; in very soft soils

separate test lanes should be selected for wheeled and tracked vehicles.

55. Aircraft.. Signatures from aircraft are less sensitive to

terrain conditions but are affected more by atmospheric conditions tbau

are signatures from ground vehicles. In addition, aircraft travel mode

affects the resulting signature appreciably. The test layout for

acquisition of aircraft signatures should consist of positioning a

single triaxis geophone in the ground at some convenient positiono and

burying a second triaxis geophone near the first and covering it with a
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sufficient acoustical barrier to prevent direct coupling of acoustic

waves to the geophone. The acoustical barrier sh~puld consist of a
/

thickness (empirically determined) of sound-absorbing material such as
fiberglass insulation. Both geophones should be positioned so that the

axis of one of the horizontal geophones is oriented in the direction of

the aircraft approach path for the tests. in addition to the geophones,

an acoustic transducer should be located near the geophones to record

the acoustic signatures of the targets. The aircraft test path should

begin at a distance of 2 km from ground zero and proceed beyond ground

zero I[or the same distance. . should be noted that the test layout

above can be 0i.'.hieved by simply adding an acoustically protected triaxis

geophone to the triaxis geophone-acoustic sensor array shown in Figure 8

(i.e. the array closest to the vehicle test path) and recording only the

outputs from these Three sensors. The aircraft test path would then

parallel the vehicle test path and th- vehicle test path could be used

"as a navigation aid by the aircraft pilots.

56. Duplicate tests should be run with the aircraft specified in

'table 28. it is noteworthy that only rotary-wing aircraft are specified

by name in this list. Fixed-wing aircraft (approimately three) should be

included as they are determined to be applicable to the data-collection

effort.

57. The travel modes for each aircraft should consist of hori-

zontal flight at speeds one-half the normal cruising speed and at the

normal cruisi=ng speed, at two heights above the ground of 150 to 750 m.

In addition, signatures should be acquired for Lhe aircraft descending

from 750 m to approximately 50 in and ascending back to 750 m. The

descent should begin at a position along the aircraft test path approxi-

inately 0.5 kin from ground zero and terminate at ground zero. The ascent

should begin at ground zero and be completed at a distance of 0.5 km

from ground zero. 'The descent and ascent tests can be conducted as a

single overpass; no touchdown is necessary.

58. The tests described above should be conducted in as many of

the different subsurface conditions in paragraph 31 as possible so that

the effect of terrain conditions can be completely evaluated. The
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atmospheric conditions cannot be easily specified prior to testing, but

should be thoroughly documented at the time the test is conducted.

Walking-man target

59. The layout for acquisition of siguatures from wal.king-man

targets should be identical to that shown in Figure 8, except that only

the response of the triaxis geophone and the acoustic sensor closest to

the travel path should be recorded. The targets should consist of one,

three, and seven men and the travel modes should include normal route

walk and march step (marching in unison). Two walk paths should be used,

the first emphasizing low signal luvwls having a closest point of approach
(CPA) of 15 m and the second having a 2PA of 5 Il from the triaxio geo-

phone. Each target should start at a position 1100 w from the CPA point

and proceed beyond the CPA 100 m on both walk paths. When a road is

available, one walk path should be identical to the vehicle test paths

on the road, and the other should parallel the road in natural terrain.

The tests should be coikducted in as many of the 14 conditions listed in

paragraph 31 as possible.
Summary

60. Table 28 sununarizes the targets, site conditions, and travel

modes needed for the definition of the variations within target types

and classes. A total of 1420 test runs are identified with 740 con.-

sidered essentiali 5b4 considered second priority, and 136 considered

third priority. The first column (Table 28) shows that none of the

target types for fixed-wing aircraft are listed. Further study is

needed to define the U. S. aircraft- that should be used in the datai

acquisition program.

Multiple-Target Signature Acquisition

61. An advanced-development (AD) sensor must be capable of

classifying single targets in a multiple-target environment and in

worldwide terrain environments. Data must be collected in these envi-

ronments so that specifications for the design of AD sensors can be

prepared. Unfortunately, multiple targets present specO.al problems in
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an AD data collection program because the ranges of each vehicle to the

sensor are restricted by the dynamic limits of recording system. If the

recording limits are set so that a primary vehicle produces slightly

below the maximum recordable signal, all secondary targets must be

restricted in range so that the total combined signal level from all

targets remains below the xnaxl~uux.' Thus, the choice in signal level

dictates the nearest range at which secondary targets can approach the

sensor. Also, a lower limit in signal amplitude is established by the
Knoise level inherent in the recording process. A secondary target whose

range increases to the point at which its signal falls below the noise

level of the recorder does not produce usable information.

612. in summary, the combined signal strengths from all targets

in a multiple-target data collection program must 1be restricted to the

dynamic range of the recording system (i.e. above the noise level and

below the recording saturation limit). For good analog recording

systems, this dynamic range is restricted to approximately 30-40 dB, and

for good digital recording systems, the dynamic range is restricted to

approximately 50-60 dB. The dynamic range' of the recorder can be

shifted up or down to accommodate nearly all primary target require-

ments, but once it is set, the dynamic range then restricts the record-

able signal level (and thus the range from target to sensor) of all

secondary targets.

63. In the following paragraphs, a procedure is described in
which the dynamic range of the recording system can be used to specify

the ranges of both primary and secondary targets.

Rnerelations

64. The variation in the seismic signal from a target as itI

travels along a given path is the result of a complex interaction of the

target with the ground surface. Both the signal amplitude and freque~ncy

change as a function of range even if the ground parameters remain

constant and the vehicle continues at the same speed. Data summarized

from tests on good sites (Fort Bragg, North Carolina), poor sites (Fort

Wainwright, Alaska), and computer study results suggest that an inverse-

square relation can be used to estimate the relative sensor-to-target
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ranges for the primary and secondary targets for the ranges of interest

to REMBASS for both good and poor seismic sites. Thus, if the range (R)

from target to sensor doubles, the signal amplitude is reduced approxi-

mately by a factor of four (for ground targets).

Target relations

k 65. If only multiple targets of the same type were of interest,
20.1 the I/R relation could be used to set relations so that the dynamic

range is not exceeded. Since targets of mixed types should be tested,

a guide has been ýrepared to indicate relative amplitude between tar-

gets. In the tabulation below, the target seismic-signal amplitudes are

normalized to the footstep-signal amplitudes (at the same range):

Normalized Amplitude

Footstep

Light wheeled vehicle (Ml5l) 10

Heavy wheeled vehicle (M35) 20

Light tracked vehicle (M113) 100

Heavy tracked vehicle (M60Al) 150

66. The differences in signal amplitude shown in the tabulation

above must be compensated for by a difference in range between the

primary and secondary targets. Thus, if equal signal amplitudes are

desired for a heavy tracked vehicle and a light wheeled vehicle for

example, the heavy tracked vehicle must be run at a longer target-to'-

sensor range than the light wheeled vehicle. The approximate range can

be established by the 1/R 2 relation as shown in the tabulation below.

Ra.tte for Secondary Ts.ErV, sc pittude to Laual l'rtmary Taryet AhTEiLuda

Primary Target at Range RK• row Sensor

Light Medium Light: NAevy

.Wheeled Ahielod Tracked Tr acked

-Foot•tp M151 M35 14113 14b0

"2 "l r2 2 3 2 I 2 /1 • . It2 1 /4,5

Light Wheeled -2 K 2

o MedAium Wheeled I i• it 2 H2 /271Y R

Light T'acked - 10 RK R2 rl R R2 r5 it K R R2 " -.5S(t ( 13) 2 "

V) (M160) 2£ 2 1 2 1 2 12 .
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Multiple-target
test program

67. Multiple-target signals are desirable as part of the AD

design da.a bank because the unique combination of signal levels that

can result from such tests may not be amenable to single-target process-

ing techniques. Targets of interest for this data collection effort

are: wheeled ground vehicles, tracked ground vehicles, men, rotary-wing
aircraft, and fixed-wing aircraft. Three vehicles in each vehicle

target class and one man should be used in the test program as sum-

marized in Table 29. The site requirements, target travel modes, target

combinations, and test iterations for the program are listed in Table 30.

The site require.ients were selected from those test conditions listed in

paragraph 21.

68.dt l he following paragraphs briefly discuss the site layout and

additional details ot the test program. It is felt that the magnitude

of the test program outlined is in the proper order; however, some

deviations from the test plan are expected as the test program pro-

gresses because some of the data specified will become obviously redur-

dant. Also, omissions will surface as the data are analyzed.

69. Test layout. The general test layout for multiple targets is

shown in Figure 9. For each test two targets should be used, a primary

target and a secondary target. As can be seen from Table 29, in part of

the tests the primary and secondary vehicles can be the same type of

vehicle (e.g. two Mil3 vehicles), but for most of the tests they should

be different and represent all combinations of the listed targets. Note

that during the conduct of a test, both high-level signals and low-level

signals will be recorded at the same time depending on the ranges from

targets to sensor and the type of target involved. An alternate walk

path (path 2 for the walking-man target) is shown in Figure 9 and should

be used as a substitute for the primary target path oi the test lane when

a high-signal-level condition for footsteps is desired. The gain of 1
.1L recording channel should be set so that the primary target signal

falls at approximately half of the dynamic :age of each sensor channel.

'EThe secondary target signal will vary about this reference for all
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secondary target ranges (even though some channels will be saturated for

part of the run). The target and range relations listed in paragraph 66

can be used as a guide in selecting secondary target positions which will

permit the collection of secondary target signals within the dynamic

range of the recording system.

70. Ground vehicles. All ground vehicle paths include an accel-

eration section, a constant-speed section, and a deceleration section,

as shown in Figure 9. For the primary target and the secondary target,

each of the three sections should be at least 100 m long (for some

speeds the acceleration and deceleration sections will have to be longer

than 100 m). All accelerations and decelerations for each test should

be synchronized as closely as possible so that the vehicles enter and

leave the constant-speed sections together. Signal recording should be

initiated at the beginning of the acceleration period and continue

through to the end of the dtQCieration period. The constant-speed

section for the primary vehicle should be centered about the zero CPA

point (i.e. +50 m on either side of the zero marker), and the constant-

speed section for the secondary vehicle should sl~rt af- the 50-, 200-,

500-, 1000-, and 2000-m stakes on the test lane (i.e. D = 50, 200, 500,

and 2000 m in Figure 9). Ground vehicle speeds for the tests are shown

in Table 30. One exception to these guidelines is that for the test in

which the primary and secondary vehicles are the same and the secondary

target test range is 50 m. In this case, the constant-speed section

should be extended until the combined signal amplitudes decrease to the

noise level of the recording system. Facondary target signal amplitudes

should remain within the dynamic range of the recorder (once set for the

primary target). Any secondary target ranges that produce signpi ampli-

tudes larger than that from the primary target (i.e. for both the high-

signal-level and low-signal-level conditions) should be elimiýated; any

secondary target ranges that produce signal amplitudes below ihe noise

level of the recorder (i.e. for both the high-signal-level and low-

signal-level conditions) should also be eliminated. These ranges can be

estimated from relations discussed in paragraphs 64 and 65 and verified

in the field by setting the dyXiamic range for the primary vehicle and
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monitoring the signal levels from the secondary vehicle as it moves from

CPA ouIt to the maximium range.

71. Walking-man target. The paths for the walking-man target can

be much shorter than those specified for the vehicle targets, but

should take approximately the same travel time. For example, a vehicle

traveling over a 100~-m section at a constant speed of 10 km/hr and a man

walking a 40-mn section will require approximately the same travel time.

Also, since the walking man can quickly repeat the primary target path

(f or both the high- and low-signal-level conditions) by merely reversing

his direction of travel., the secondary target can continue its travel

over the complete secondary path at a constant speed without stopping.

72. Aircraft. Because of the much higher travel speeds of air-

craft than of ground targets and because of the difficulty in control-

4 ling aircraft position precisely, aircraft should be tested as secondary

targets only for all aircraft-vehicle target combinations. Any ground

target tested with an aircraft target should be considered the primary

target and be positioned in tha primary target constant-speed section

during the test. Each test should consist of a single pass of the.......

aircraft at a constant speed and altitude as the ground target travels

over its primary target path at a constant speed. Aircraft speeds and

altitudes should be as shown in Table 30; they are identical to those

for the single-target tests (Table 28).

73. Multiple aircraft tests should be conducted in the same

manner as for ground target tests when the primary and secondary targets

are the same (see paragraph 70). The aircraft should be synchronized so

that they pass the CPA at different altitudes at the same time going in

opposite directions. The recording should be continued vntil the corn-

bined. signal level decreases to the recording noise level for both the

40-rn and 500-rn sensors.

74. Summary. Table 30 summarizes the multiple-target test pro-

gram. A total of 2952 test runs are identified and ma ie up of variousI

combinations of targets (fourth column of Table 30 and the target type

and target combination ma.trix shown in Table 29), site conditions, and
r target travel modes.
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Background Noise Sigr itures

75, Background noise signatures should be collected: (a) on an

opportunity basis during the conduet of the previously described tests

or enroute to these test areas, or (b) using a 3mall sensor and recorder

package at specific isolated noise sources. Signatures should be ob-

tained for all cultural noise sources listed in Table 25 and as many of

the natural sources as possible. The 6ensor systems used should include

one triaxis geophone and an acoustic sensor located at ranges of 50, 200,

and 1000 m from the noise source. The terrain conditions at each noise

measurement area should be described according to the procedures out-

lined in Reierence 3. Noise should be measured- or a continuous 10-min

segment of qach hour of a period of 24 continuous hours. An effort

should be made to obtain noise data in more than one terrain condition

(perhaps two) from as many of the sources as possible.
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Table 1

Target Characteristics that Affect Vehicle Seismic

and Acoustic Signatures

Wheeled Ground-Contact Vehicles

Weight (empty) *.

Payload

Number of wheels

Tire size(s)

Number of tire ligs per wheel

Tire pressure

rread depth (average)

Ground-contact area

Number of teeth in the axle gear in the final drive differential

Final drive differential gear ratio
Engine rpm versus vehicle speed curves for all gears. Vehicle should

be loaded and run. on level terrain At speeds up to 60 km/hr

Engine model va

(1) Horsepower
(2) Number of cylinders

(3) Number of cycles

(4) Fuel type

(5) Cooling type

(6) Location of exhaust

(7) Number of blades in cooling fan

(8) Ratio of fan rpm to engine rpm

Suspension type, i.e. whether the vehicle has:

(1) Independent suspension

(2) No suspension, or any combination of independent and no
suspension

(3) Bogie, walking-beam, or any combination of independent, bogie,
and walking-beam

(4) A:iy comb.nation of (1), (2), and (3)

(Continued)
(Sheet 1 of 4)
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Table 1 (Continued)

Wheeled Ground-Contact Vehicles (Continued)

Weight (kg) of unsprung mass, i.e. the weight of each wheel assembly.
For a qolid-axle suspension, use one-half weight of each axle as-
sembly; for no suspension, use zero weight

Longitudinal distance(s) (cm) of each wheel center from the center of
gravity

Static tire delee.tion at normal (or noted) tire pressure at combat load

Pitch inertia (kg-sec'-cm) of sprung mass about center of gravity'

Longitudinal distance(s) (cm) of driver from center of gravity

For each suspension unit (wheel assembly), complete suspension spring
force-deflection relations from rebound to full bump

Tracked Ground-Contact Vehicles

WeighAt (empty)

Payload

Track pitch

Track width

Truck condition, i.e., act:ual dimensions of track pads, number and loca-
tion of broken shoes, etc.

Number of track pads on each side in contact with ground

Number of teeth on the track sprocket gear

Number of teeth in the axle gear in the final drive differential

Final drive differential gear ratio

Engine rpm versus vehicle speed curves for Pll gears. Vehicle should
be loaded and run on level terrain at speeds up to 60 km/hr

Engine model

(1) Horsepower
(2) Number of cylinders

(3) Number of cycle"

(4) Fuel type

(5) Cooling type

(Continued)
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Table 1 (Continued)

Tracked Ground-Contact Vehicles (Continued)

Engine model (Continued)

(6) Number of blades in the cooling fan

(7) Ratio of fan rpm to engine rpm

Suspension type, i.e. whether the vehicle has:
(1.) Independenft suspension

(2) No suspension, or any combination of independent and no
suspension

(3) Bogie, walking-beam, or any combination of independent, bogie,
and walking-beam

(4) Any combination of (1), (2), and (3)

Weight (kg) of unsprung mass, i.e., weight of the road wheel or bogic.
and one-half weight of the track

Longitudinal distance(s) (cm) of each wheel, center from the center of

gravity 2_
Pitch inertia (kg-sec -cm) of sprung mass about center of gravity

Longitudinal distance(s) (cm) of driver from c2nter of gravity

For each suspension unit (wheel assembly), complete suspension spring
force-deflection relations from rebound to full bump

For each suspension unit with damping, complete force-velocity relations,
both in jounce and rebound

The length (cm) along the leading portion of the track, measured from
beneath the leading road wheel to the foremost part of the track

The approach angle (deg) (angle determined by a horizontal line beneath

the leading road wheel and the leading force of the track)

Normal operating track tension (static)

Rotary-Wing and Fixed Aircraft

Weight

Payload

Number of engines

(Continued)
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Table I (Concluded)

Rotary-Wing and Fixed Aircraft (Continued)

Engine specifications:

(1) Type, i.e. turbine or piston engince

i (2) Model

& (3) 1lorsepower

(4) Numbner of cylinders
(5) Fuel type

(6) Type of cooling

(7) iExausCt configuration and location

(8) Number of fan blades

(Sheet 4 of 4)
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Table 2

Nomenclature of 11. S. Wheeled Vehicles

1. Im1 33. M43El

2. MIAl 34. M43E2

3. M6 35. M44
4. M20 36. M44A1
5. 1126 37. M44A2
6. M26AI 38. m44C
7. M27 39. M45
8. M27B1 40. M45AI
9. M34 41. M45A2
10. M35 42. M45A2G
11. M35AI 43. M45C
12. M35A2 44. M46
13. M35A2C 45. M46AIC

14. M36 46. M46A2C
15. M36AI 47. M46C
16. M36A2 48. M47
17. M36C 49. M48
18. M37 50. M48A2
19. M37B1 51. M49

20. 138 52. M49Alr,

21. M38A1 53. M49A2C
22. 138A1C 54. 49Oc
23. 138A1D 55. M5o
24. M39 56. M5OA1

25. M40 57. S0A2

26. M40A2 58. 151
27. M40A2C 59. l51AL.

28. M40C 60. 4l5A2

29. M41 61. M52

30. 142 62. M52AI
AI31. 1443 63. 1452A2

32. 1443B1 64. M45 3

(Continued)
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Table 2 (Continued)

65. HS3B1 99. M113Al

66. M54 100. M114

67. M54A1 101. M4121

68. M54A1C 102. M123

69. M54A2 103. M123A1C

70. M54A2C 104. b•123C

71. M55 105. M123D

72. M55A1 106. XK12332

73. 1455A2 107. 14125

74. 1456 108. M125A1

75. M56B1 109. XD125E1

76. 1456C 110. M133

77. M57 111. M1135

78. M58 112. M139

79. Z159 113. M139C

80. M60 114. XH142

81. M61 115. XH145

82. M61A2 116. XM147E3

83. M62 117. M151

84. M63 118. Mi51AL

85. M63A2 119. MIS1AiC

86. M63A2C 120. M115A2

87. M63C 121. XM151

88. M106 122. XMI151E1

89. M107 123. X145IE2

90. M108 124. XM157

91. M109 1%5. M170

92. M109A1 126. XH190

93. M109A2 127. XM191

94. M109A3 128. M201

95. M109C 129. M201BI

96. M109D 130. M207

97. IL110 131. M207C

98. M113 132. XK207

v (Continued)
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Table 2 (Continued)

133. M209 167. M292A1

134. M211 168. M292A2

135. M215 169. M292A3

136. M217 170. M292A4

137. M217C 171. M292A5

138. M220 172. M328AI

139. M220C 173. M342

140. M220D 174. M342A2

141. M221 175. XM342

142. M222 176. M343A2

143. M246 177. XM357

144. M246A1 178. XH375

145. M246A2 179. Mi376

146. M249 180. XH377

147. XM249 181. XH381

148. M250 182. XH384

149. XH250 183. XH401

150. M274 184. XK408

151. M274AI 185. M410

152. M274A2 186. M422

153. M274A3 187. M422A1

154. M274A5 188. M425

155. M275 189. M426

156. M275AI 190. M427

157. M275A2 191. XK434E1

158. XK282 192. XK434E2

159. XH282E2 193. XM437

160. X1282E3 194. XR437EI

161. M291AI 195. X2437E2

162. M291AID 196. XM438E2

163. M291A2 197. XM443
164. M291A2C 198. XM453E1

165. M291A2D 199. XM453E2

166. M292 200. XM453E3

(Continued)
(Sheet 3 of 4)
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Table 2 (Concluded) _

201. XK512 235. M618 269. M820A2
202. XM512EI 236. M619 270. M821
203. XM512E2 237. M621 271. M825

"204. MXS12E3 238. M622 272. M1I85A3
205. XM512E4 239. M623 273. V-100
206. XK520 240. M624

207. XK520E1 241. M656
208. XM521 242. XM656
209. XK523 243. M708
210. XM523E2 244. M708AI
211. X4531 245. M1711
212. M535 246. M715
213. M543 247. M718
214. M543AI 248. M718A1
215. 1"543A2 249. M724

216. M548 250. M725
217. 1551 251. M726
218. M553 252. M746
219. XH554 253. M748A1
220. 14559 254. X751A1

221. M561 255. M757
222. 3M561 256. M764
223. M577 257. XM0791

224. M578 258. M7q2
225. 1602 259. M813
226. M607 260. M813A1
227. M609A1 261. XM813

228. M610 262. M814 '•

229. M611 263. M815 '

230. h 2644 o816

231. M613 265. M817
232. M614 266. M818
233. M616 267. 1819

234. M617 268. M820

(Sheet 4 of 4)



Table 3

Nomenclature of USSR Wheeled Vehicles

Vehicle Code No. Model No.

1 GAZ(UAZ)-69

2 GAZ-62

3 MAZ-205

4 KILA.Z-214

5 ZIL-157K

6 ZIL-583

7 GAZ-56

8 ZIL-164

9 MAZ-502

10 UAZ-450D

11 UAL-355M.

12 ZIL-131

13 URAL-375

14 URAL-375D

15 KUAZ-222

16 KRAZ-219

17 KAZ-605

18 GAZ-66

19 MAZ-500A

20 UAZ-452D

21 GAZ-53F

22 MAZ-505

23 ZAZ-971

24 ZIL-135

25 MAZ-535A

26 MAZ-543

27 ZIL-E-167

28 MAZ-514

29 BELAZ-548

30 TZ-200

(Continued)
(Sheet 1 of 5)

i!41



Table 3 (Continued)

Vehicle Code No. Model No.

31 ATS-8-200
32 ATSM-4-157

33 ATZ-3-157

34 ATZ-4-164

35 UAZ-469

36 ZAZ-969

37 ZIL-133
38 BELAZ-540
39 MOAZ-522

40 UHZ-ZIL-151

41 MA.Z-503
42 PSG-65/130

43 KRAZ-255B

44 PSG-160

45 GAZ-SAZ-53B

46 NAMI-076

47 TZ-63
48 TZ-150
49 ATSM-4-150

50 ATZ-3-151

51 MZ-51

52 MZ-150

53 MI-964

54 ATZ-3.8-130

55 ATS-26-355M

56 MAZ-200V

57 GAZ-63P
58 KRAZ-221

59 GAZ-53P

60 ZIL-164AN

61 KAZ-606A

62 GAZ-51P

63 MAZ-537

(Continued)
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Table 3 (Continued)

Vehicle Code No. Model No.

64 ZIL-133V

65 KRAZ-258

66 KAZ-608B

67 ZIL-137

68 ZIL-131V

69 MAZ-529

70 URAGAN-8

71 ZIL-157KV

72 ZIL-130V1

73 KAZ-608

74 .. MAZ-504

75 URAL-377S

76 URAL-375S
77 GAZ-93A

78 KAZ-600AV

79 ZIL-MMZ-585L,585M

80 ZIL-N4Z-555

81 MAZ-503A

82 GAZ-53B

83 KRAZ-256B

84 MAZ-525

85 MAZ-530

86 BELAZ-548A

87 GAZ-69

88 GAZ-69A

89 GAZ-63

90 GAZ-63A

91 MAZ-501

92 ATS-51A

93 ATSPT-1.9

94 AVV-2

95 ATZ-2.2-51A

96 ATZ-3.8-53A

(Continued)
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Table 3 (Corntinued)

Vehicle Code No. Model N~o.

97 ATSM-4-157K
98 ATS-1.9-51A

99 ATS-2.6-355M

100 ATS-2.6--53F

¶6101 ATS-2.9-53F

102 AT-4. 2-53A,

103 ATS-4.2-130

104 mz-51.M

105 ATSPT-1.7

108 ATSPT-5.6

109 AVTS-l.7

110 AVV-2

ill S-956

112 GAZ-67BA

115 UAZ-452A,452B

116 KKAZ-5410

117 KMAZ-5510

118 1OKAZ-53202

119 UAZ-4510

,1120 MAV(GAZ)-46

121 BAV-485

)122 GAZ-51

123 ZIL-150

124 ZIL-151

125 ZIL-137

126 BTR-60P

127 BTR-152

(Continued)
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-$ 4 , '4



Table 3 (Concluded)

Vehicle Code No. Model No.

128 BRDM SCOUT CAR

129 BRDM-z SCOUT! CAR

130 BM-14

131 BM-21

132 BRDM (SNAPPER)

133 BA 64

134 BTI -40

135 BTR-152VI

136 BTR-60P

137 BRDM

138 MAZ-535

139 T-l1.1

140 T-138

141 T-1141

142 ARS-12/14

143 DDA-53

144 KRAZ-255

145 OT-64

146 OT-65

(Sheet 5 of 5)
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Tab le 4

NomeiielgtUte'of.'U. S. Tracked Vehicles

Vehicle Code No. Model No.

2 T23

3 T23E3

4 T25

5 T48
6 T74r7 H3A3 (lig7ht)

8 M3A3

9 M.3A2

10 M3A3 (medium)

11. M3A4

12 H3A5

13 M4 (full traC~K)

14 M8

16 M48A1

18 M60

19 M103

20 M42

21 143

22 M44 (half track)

23 LVT1

24 LVT2

25 LVTA2

26 LVTA1

27 LVTA4

28 LVTAS

29 1-1219

30 1429C

31 M476

(Continued)4
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Table 4 (Continued)

Vehicle Code*Nc. Model No.

32 M59

33 M75

34 Tll3EZ, M113

35 MK4, LVT4

36 M51

37 ?'74I
38 M88
39 M41

¶40M4A
41 M41A2

42 M41A.3

40 M47A

51 M48A

52 M4-A2

548 M.5

55 M4-A1 2 7-mgn

56 H5-4A(15-au)

58 M4A1 (w/76-m gun)

59 M4A3 (w176-mm gun)

60 M26

61 M26k1

62 M46
63 M46A1

(Continued)

(Sheet 2 of 4)
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Table 4 (Continued)

Vehicle Code No. Model No.

64 M4 (full track)

65 M4A3 (w/105-mm howitzer)

66 M45

67 M8E2

68 M4

69 M4AI

70 M4C

71 M4AIC

72 M6

73 Tl8El

74 M32

75 M39

76 12A1

77 M16

78 M15Al

79 M19A1

80 M18

81 M36

82 M36B1

83 M36B2

847 M.

85 147B1

86 M37

87 £106

88 M40

89 M41

90 M43

91 T46EI

92 M3AI

93 144AJ.

94 M21

95 T16

(Continued)
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Table 4 (Concluded)

Vehicle Code No. Model No.

96 M60Al
97 M48A3

98 M551

99 Mll4Al

100 M113A,

101 LVTP-7

102 M42

103 Milo0

104 M55

105 M107

106 M109

107 M53

108 M444

109 M108

110 M52

(Sheet 4 of 4)



Table 5

Nomenclature of USSR Tracked Vehicles

Vehicle Code No. Madel No.

1 T54, T55

2 T-62
S3 BTR
4 M-1967

5 ZSU-57/2

6 ZSU-23/4
7 BM-24

8 BTU

9 BAT/M1

10 MTU-54

11 Mineclearing Tank

12 K-61

13 PTS/M

14 GAZ-47

15 GAZ-71

16 K-61

17 PTS

18 GT-T

19 V-1, VITYAZ

20 AT-L

21 AT-s

I 22 ATS-59

23 AT-T

24 T-34

25 T-54-T

26 JSU-T-B

27 JSU-T--E

28 T-54A

29 JS-3

30 T10-M

31 PT76
(Continued)
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Table 5 (Concluded)

Vehicle Code No. Model No.

64 T-10

65 SU-76

66 SU-122

67 SU-152

6b BM4P-76PB

69 V-1, VITYAZ

70 Carrier Penguin

71 Carrier Utility

72 GT-SM

73 GAZ-71

74 M-1970

75 OT-62B

76 M-70

77 M-1973

78 M-1974I
79 OT-62C

(Sheet 3 of 3)
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Table 6

Nomenclature of' U. S. Rotary-Wing Aircraft

Vehicle Code No. Model No.

1 UK-IF

2 HH1-1K

3 UH-lL

4 UH-lH

5 UH-.-lN

6 AH-lG

7 TH-lL

8 OH-13S

9 AH-IJ

10 TH-13J

11 TI{-57A

12 OH-58A

13 QH-50D

14 TH-55A

15 OH-6AI16 HII-43B
17 HH-43F

18 UH-2C

19 Hff- 2D

20 SH-2D

21H-C

22 SH-2F

23 CH-3B

24 SR-3D

25 CH-3E

26 HR-5 2A

27 CH-54A

28 CH-54B

29 CH-53A

30 HH-53C

(Cant inued)



Table 6(Concluded)

Vehicle Code No. Model N4o.

I 31 CH-53D

32 RH-53D

33 CH-46F

34 CH-47C

35 CH-34C

PP36 OH-23D

.... .....



Table 7

ýkl:Nomenclature of' USSR Rotary-Wing Aircraft

Code DesignL*ion NATO Code Namie

1V-12(Mi-12) Homer

2 Mi-lO Harke

3 Mi.-8 Hip

4 Mi--6 Hook

5 Mi-4 Hound

6 Mi-2 Hoplite

7 (a.-26 Hoodluziu

8 K-25K( Hormone

9 Ka-20 Harp

10 Ka-18 Hog

11. Yak-24

12 Ka-15 Hen

13 Ka-22



Table 8

Nomnenclature of U. S. Fixed-Wing Aircraft

Vehicle Code No. Model No.

1 A-3B

2 A-4F

3 A-4M

4 A-6A

5 A-7D

6 A-7E

7 AV-8A

8 A-37B

9 A-10

10 B-52F1~ ~11 B-52G
12 B-52H

13 B-66D

14 PB-111A

15 B-I

16 F11
17 F-102A

18 F-104C

19 P-104G

20 F-105D

21 F-106A

22 F-111F

23 P-4J

24 F-4E

25 F-5A/B

26 F-SE

27 F-8J

28 XFV-12A

29 F-14A

30 F-15A

(Continued)
(Sheet 1 of 4)
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Table 8 (Cont:inued)

Vehicle Code No. Model No.

31 P-530

32 YF-16
33 YF-17

34 WU/U-2

35 SR-71

36 RF-46

37 RA-5C

38 RB-57F

39 O-IG

40 0-2A

41 OV-lA

42 OV-1OA

43 YO-3A

44 P-2H

45 P-3C

.46 S-2E

47 S-3A

48 E-IB

49 E-2B

50 E-3A
51 E-4A

52 C-121G

53 C-130B

54 C-130E

55 HC-130H

56 C-131E

57 KC-135A

58 VC-137C

59 C-140A

.60 C-141A

61 C-IA

(Continued)
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Table 8(Continued)

Vehicle Code No. ,.Model No.

.62 C-2A

63 C-7A

64 C-8A

65 C-5A

66 VC-6B

.67 C-9A

68 C-9B

69 T-2C

70 T-28D

71 T-29D

72 T-33A

73 T-34B

74 T-37B

75 T-38A

79 TC-4C

80 T-43A

81. U-l.A

82 U-3B

83 U-4B

84 U-5A

85 U-6A

86 U-7A

87 U-8D

.83 U-8F

89 U-3.OD

90 U-11Av

91 HU-16A/E

92 U-17A

~ 4' (Continued)
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Table 8 (Concluded)

Vehicle Code No. Model No.

93 U-M1

94 U-21F

95 AU-23A

96 AU-24A

97 YC-119K

98 AC-119K(

99 A-6E

100 VC-ll.A

101 X-24B

102 YE-5

103 U-9C

104 U-21A

(Sheet 4 of 4)



Table 9

Nomenclature of USSR Fixed-Wine Aircraft

CV c__-e Dcsignation NATO Code Name
I TU-22 Blinder

2 TU-? Backfire

3 M-4 Bison

4 Tu-95 6uart:

5 Tu-16 Badger

6 11-28 Beagle

7 Yak-28 Brewer

8 Be-i0 Mallow

9 Be-12 Mail

10 Yak-? Mandrake

1ii Yak-2S Mangrove

12 MiG-25 Voxbat

13 MiG-25 --

14 MiG-25 --

15 MiG-23 Flogger

16 MiG-? Faithless

17 MiG-? Flipper

18 MiG-21 Fishbed G

19 MiG-21 Fishbed F/J/K

20 MiC-21 Fishbed D/H

21 MiG-21 Fishbed C

22 Mli(G,-19 Farmer

23 I.iiG- 17 Fresco

24 Su-.1 Flagon A

25 Su-? Flagon B

26 Su-? Fitter B

27 Su-7 Fitter

28 Su-9 Fishpot

29 Tu-29P Fiddler

30 Yak-? Freehand

31 Yak-28P Firebar

(Continued)
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Table 9 (Concluded)

CoeDesignation NATO Code Name

(32 An-26 Coke

33 An-24V Coke

34 An-22 Coke

35 An-14 Clod

36 An-12 Cub

3i An-1O Cat

38 M-15 -

39 Be-30 Cuff

40 11-86 -

41 Il-76 Candid

42 11-62 Classic

43 11-62M200 Classic

44 11-18V Coot

45 Il-14 Crate

46 Ul-101 Crate

47 Il-12 Coach

48 Tu-154 Careless

49 Tu-154A Careless

50 Tu-144 Charger

51 Tu--134 CrusLy

*.52 Tu-134A CrvIsty

53 Tu-124 Cookpot

54 Tu-114 Cleat

55 Tu-104A Catuel A

50 Tu-104B Camel B
57 Yak-40 Coding

58 Ya-40MCoding
59Yak-18T -

30Yak-32 Mantis

61 Yak-30 Magnum

62 Yak-18A Max

63 Yak-18'?

64 AN-10 Janes~

65 BE-30 Janes
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Table 10

Vehicle Parameter Codes

Wheeled Vehicles

Weight, kg

Class Class Rane

1 0-2000
2 >2000-4000

3 >4000-5500

4 >5500-8000

5 >8000-10,000
6 >10,000

Number of Wheels Per Side
Class No. of Wheels Per Side

1 2

2 3

3 4

Tire Size

Class

1All

Suspension

Class Type

1 Semielliptical (IS)
Timken-Detroit #2034
Timken-Detroit SFD-375-A-l
Semielliptical; inverted
Hotchkies Drive; 10871261
Bogie Model SWD-321
Bogie Model SWD-322
Bogie Model GMC
Leaf springs
Bogie Model FWD (Spal)
Bogie Model SFD 4600

(Continued)

(Sheet 1 of 3)
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Table 10 (Continued)

Cl~ass Type

Bogie Model Rockwell STD
Bogie Model KENW BM 2150-1

2 Civil

3 Air shock-absorbers, double acting

.4 Torsion bar

5 Solid mount walking beam

6 No suspension

ClassHorsepower

I All

Class Type Fuel

1 Gasoline

2 Diesel

3 Multifuel

Coolant Type

class Type Cooling

1 Air

2 Liquid

(Continued)
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Table 10 (Concluded)A

Trac~ked Vehicles

Weight, k

Class Class Ran
1 0-9999

2 10,000-19,999

3 20,000-29,999

4 30,000-39,999

F 5 )40,000

Horsepower

Class Class-Ba~ge

1 0-400

Class Type Fu~el
I Gasoline

2 Diesel

3 Multifuel

(Sheet 3 of 3)



- ~ )~ ~ )~ r 0

o;31

4.))

V)41

q)I I I I I I I I I I I

W~~t\. 0 Cf0 C\l ON O C.) 000) 0)-f- 1--4-t OLP 00( 000CD00\OCN

Q)

-11 r4

0

V(-: liii 11 1 1 IP1 11 1

00 00 0 L\L- 0 00000000t- O) \ f 0 1 00000 0 0 If'
ri, t 0C U'\ N 1 IC\ 4 0000t-U\ - ,DrI00 000 () 0' t- \

hP hoU\ ()L o'I ' ) f 0 -jCj()L - 0 0 o : o-:

N. CI- ~ ~ 0 N \ \J \0N C (') C)(y)'Y)

0H

41) ii 41

,C) (7 Y)"~1) ( ~ -'d

§4 0 W

q)

* ~ ~ ~~~ -2Al: I44.4: .4..41 '-.-2 t44..--1442 0. 0
0r q(Y ~



LILI

U)q n nid 0 00il0\0L 1 1 .D\ 1 nU- - 1 ý

Q0) 0) z0C I D00

00Lc\0 Nf\0 N IN 0 00U'\0 U\U\02222222222 00 00

W . . . . . . . . . . . . . .

cot-0CD0CDCD0\a -It-O (1 NCA0\(, P N(, \C\O r
Id H __________________________
(1) E-1

;Af

.,A 00( 0C 00c 00.00.,1C 0LJ 0 0 d

04-

0 c H A- H H rA-

C) E> 0 )0000C i y C 0 om Nt-1c
ci )0 .r 0i C)ýo -tL' \(\0 C -0 0 t-W -t-ý - \ ' - n JI

ciG Y : - tU" NO % i P Drir -lH ()L\L l\D\

k~ Y)0) m m M tN ciNN L- , - , , , , D\OID\D\Dýo\

a)0) Y m ff) 0)) ~Q D Z\ 00..4 O0 0O OO OON
\H \4 01 0)\ \0 \HHCHHNHHHH

II I~ I 1C M C C M N U I I0\

0 0 C-1 L,-l tq t1 - ~ it

NN N Lt.\) 0A
uC' AOU --

0C ON' WN I.0 Lr' cr ON \CD CM Ii-
(4\ IN

X "P.



4t-.

0 U0

oo

4-)

(a QQO0OOO0OOOOcC1\ OU)O000000OOOO\

. . It . . . . . . . . . . . . . . . . I It

"1, -HHHH H - t-A , 1 4A 1- N 1-1JHH

*E-- U) ) *

a3) 4) r-q 0 y)()M mn() () () hlr)C 1O 1 (Y)()(Y 1fl Y)rfl(Y)CY1 (Y)(Y m ()C () Id
0 () QU) 0)0

0 
I

H- 0

H 1 1 A - -l- H rIr r-l r- -1r-

.0 ",1 r

4. ti, Co If'D -~ (Yo Wz ~CO -:t U o "o .t- - -C - z' kjClM t-0 U\\

4't ol ft A~ -. A~ ..- .-. A .th 0

\0 t Cý t-- t- ý10\10\10 ý- r\ Ll% r% "D t



4-) CIS)U ~ Cl

00

d4-

__t-T : ' 00000000000 0%OC0 0 0 t- 1%0 \ 0 0 r
0 0 N N'~ - H H N-\IHAH CJ \JC\ N-- IHH 1 H Hr-- N HH ~ \J ri- -

Hi I- c

HHHH H , H

tr Hr

'dO U.) U)\

NH NNI1 NNN r--q Hi N NNNN I jN
I I I I I I I I I I I I 1 1 4

0ý H! 0 0A\ CM M

1 10 4-)'

(Y , I_______________)_______



4--'

43 rd .1 -1c d d-4%

~-r-
0 4-00.0

0 i-i Hr- H r1i -H0 3-

aO) ) Q) W 4) 0.)
Q) c.I2-.f __ _ __ _ __ _ 4)

to 00C)0 o0~'. ON .4 \-* 0 0000 oo o oo o
0 -:Ta) \1 (It)Lr\ 0 0 C\HO r- o ()m w -T 0_tt

04

cuH 0))
') d -H ,-

0 0

"r-4 H H H
0) C) 0)

4- , - j' Id rI

(L Q)0)*H 0 N N N(\j 0)

~ H 0

H 0 0 a) 4
;ý E-.4

oS 0

41 LrN C) 0 t- )00\10 0 0 0O C\ 0 000000000

m f1( 0 10 .0UL\t-- t- o0 0\ -10 OCOM00~0
_:t al ay a~ \a aD a0 ar '

U-\ u'O\~ (Y) tr'% m U'\ 0 C)000 O\ 0 CD-tI.r\ .4--14-4OJ 0
H Ar- H HH H -HAr- HjH HHr-Ari

r-44

AP



.~ ~ ~ .. ..

+) -

0 0
0)0

0) U)

(1) CD1 0 -\ U-\ t\ U-\ 0 0 C) D 0 0D 0 0 C)0~~- .4 0 0) 0 0 H \j LC IN 0 I (

0 U-\U-If.~ j -___________U __\_______D

0 Q

'-1 0 -~1) (, -

0 \'D)- C0 D00000C
ho N)~U t( \D0\D' O0 C)C

0. 5Y C)) 00)I0\ " - 0 L'

T xj .-,1

q) 0

0 0J' m

C' r' )-. 01)J CA~0ON-)X 0 ' )0



Table 12

Foreign Ground Vehicles from Which Signatures are Desired

Wheeled Vehicles Tracked Vehicles

Trucks APC

ZAZ-971

ZIL-157K/157KV M1967
URAL-375 K61
UAZ/GAZ-69 M1970
GAZ-66 BMP-7 6PB
GAZ-63 BTR-5OPK
ZIL-130V1 OT-62B
ZIL-].31/131V OT-62C
ZIL-151
T-ill Tanks
T-141
T-138 PT-76
UAZ-450D T54 or T55

ARS- 2/1)4 T62
KRAZ-214/255/255B/256B T10

APC

Weapons
BTR-1 52
BTR-60P ASU-57
BRDM-2 ASU-85
BTR-152VI SU-85
BTR-40 SU-100}i

OT-65 ZSU-23-4
OT-64 ZSU-57-2

M1974
M1973

\,

i 0

1
t~t~*~**i 'I 1

1
**IL ~ .~ **~,~~ 4 ','



Table 13

Forei gn Aircraft from Which Signatures are Desired

Rotary-Wing Fixed-Wing

Mi-8 Tu-22

~1i -2 Tu-95

Ka-J.8 Tu-16

K(a-2 5K 13e-12

Ka~-26 Yak-25

Mi-12 MiG-25

Mi-lO MiG-21

mi-6 An-22

Ka-15 T-4

Ka-22

Yak-21 4

?p

-1A
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Table l1
Comparison of U. S. and Foreign Aircraft

Proposed Desired Proposed Desired Proposed Desired Proposed Desr*d Proposed DesresdU. S. Forezgn U. S. Foreign U. S. Foreign U. S. Foreign U. S. For.,ignAnalog Aircraft Analog Aircraft Analog Aircraft Analog Aircraft Analog Aircraft

CH-46F Mi-8 U,.IN Mi-Z T Ka-16 CH-3B Ka-25K H0-1K Ka-26

Rotary-Wing

Wt, empty, kg 6o44 6,816 2517 2424 695 -- 4323 4400 2349 2085

Payload, kg -- 1,000 -- 800 -- -- -- 2000 1759 1065
No. rotors 2 1 1 1 1 2 1 2 1 2

Vo. engines 2 2 2 2 1 1 2 2 1 2

,Horsepover 1400 1,500 900 437 - - 1400 900 1400 325

Type engine Turbine Turbine Turbine Turbine Turbine -- Turbine Turbine T:urbine Piston

Wt, gross, kg 9360 11,880 4725 3750 1305 1300 9225 7045 3825 2970

USSR
Mi-12 Mi-lo mi-6 !i-____S Ka-•2 Yak-"

Rotary-Witg

Wt, eMty, kg -- 27,300 27,240 .......

Payload, kg 30,000 15,000 12,000 1.740 -- -..

No. rotors 2 1 1 1 2 2 2

No. engines 4 2 2 1 .....

Horsepower 6,500 5,500 5,500 1,700 .....

Type engine Turbine Turbine Turbine Piston ....--

W.z, %rose, kg 103,950 43,113 42,170 38,220 -- - 15,874

USSR
1 *1 • 9 11 12 18 3M Mi 50

Tu-22 T 5 TU-16 Re-12 Yak-25 MiG-25 MQý1 0- i-76 Tu-144

Fixed-Wina

Wt, gross, kg 78.750 148,500 67,500 31,500 13,500 28,080 7650 225,000 159,300 177,750

No. engines 2 14 2 2 2 2 1 4 4 4

Thruut, kg 11,700 -- 8,775 - 3,375 -- 4oo -- 11•385 17,361

Horsepover -- 12,000 -- 4,000 .. .. .. 15,000 -- --

'I,
- - "Al
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T: 1, 1) 1. e Ir C

Surface Configuration Cath Soe Chractristics

Rangge Areal Occurrence •.
Category .__%____

1. Plains (generally level) < 10 >90
>30 < 10

2. Plains (undulating or rolling) < 10 30-90
>30 < 10

3. Tablelands and plateaus** <10 50-90
>30 10-25

4. Plains and hills or mottns complexi <10 50-90
>30 10-25

5. Hills <10 < 50
;-30 10-50

6. Mountains <10 < 25
>30 >50

I!i

"×" ., . A, : - i A'. l 2"" 11t•lb ".' . .

"+" ";,.+ ,'. :' :; t, . ,, :. ,-V'I' Al. h . ,h ' . !+. ', t , , .

-.4
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Table 17

Surface Soil Categorier*

Surface Soil Texture** Range in Composition (%) t
(Upper 15 cm) Sand Silt Clay

1. Sand tt 85-100 0-15 0-10

2. Sand. and loam

3 Sand and clay

4. Sand and organic material

5. Sand and bare area

6. Loam 23-52 28-50 7-27

7. Loam and silt

8. Loam annd clay

9.. Loam and organic material

i0. Loam aud bare area

11. Silt 0-20 80-100 0-12

12. Silt and clay
13. Clay 0-45 0-40 40-100

14. Clay and bare area

16. Bare areat

• Adapted from Reference 32.

•* Where two soil categories are identified means that two textures or

conditions are extensive in the area mapped; the second texture or

condition is of equal or lesser areal extent than the first.

-I- Adapted from Reference 33.
t±' Includes pe.rticles coarser than sand (e.g. gravel).

*Area, genert-lly devoid of soil.

I ....... .
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Table 18

Subsurface Lithologic Categories*

Rock Category Roc.k Types

S11. Conisolida~ed rock Igneous and metamorphic rocks, wel-11
consiolidated sedimentary rocks, mixed or
.intcrmingled rock types

2. Unconsolidated rock Weakly consolidated or unconsolidated sedi-
mentary rocks

3. Al-luvium Restricted to detrital deposits of streams

) IC(' CEPFrozen inateriail plus ice blocks

cdapte 'o eeec 4

r A



Table 19

State-(:f-Ground Categories*

Water'-Table Regime Description

1. Perm:.fCrist incLudes areas of continuous permafrost,
where very little land is unfrozen- and
areas of discontinuous permafrost,
where scattered patches of unfrozen
land occur'

,'. }I w:a.te' tablc High-water-table conditions can be ex-
pected most of the year. Water table
generally <5 in deep

3. W'it-,t IabLe ChiucLuates Water-table conditions cannot be pre-
dicted with any degree ut' aecuiracy

4s. i,)W w. ,r tabia Low-water-table conditions can be ex-

pected most of' the year. Water table
generally >5 m deep

. , ice lee caps and r'ocky areas who -e water-
table conditions are not considered
signifi cant

II

* Adij tt4 Ii'rom lt-fer'ences 3,) and 35.
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Table 20

Vegetation Categories ,iith Selected Characteristics

Average Plant
Category Height, m** Coverage, %t

1. Needleleaf forest 15.0 - 35.0 75-100

2. Broadleaf fdrest 15.0 - 35.0 75-100

3. Mixed needleleaf and broadleaf forest 15.0- 35.0 75-100
4. Montane forest 2.0 - 10.0 50-100

5. Savanna Woody: 5.0 - 10.0 50-100
Nonwoody: 0.5 - 2.0 75-100

6. Forest and grassland Woody: 10.0 - 15.0 25-50
Nonwoody: 0.5 - 1.0 50-100

7. Woodland and scrubland 2.0 - 5.0 50-100

8. Tundra mnd alpine 0.1 - 2.0 50-100

9. Grassland 0.2 - 1.0 50-100

10. Semi.desert sirub ard desert 0.2- 5.0 >0-50

11. Barren -

12. Commercial grain and horticulture 0.5 - 2.0 50-100

13. Commercial plantation 2.0 - 15.0 50-100

• Adapted from Reference 36.
* Average height of plants in the main vegetation layer.
I Area of ground covered by vegetation.

, • . .. . . . . . . . . . . . . . .. . . . ..... .....-
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Table 21

Thenatic Fsctor (.pex 4ap Legend

0 I 0 0

o %4
O04 I 06 2

2 O 1 4 07 55 ?4 001209 1810821

O0 57 1 0 1 O8

0 w 0 6 1 06 t 0 0) 1 w1 0 a 3

8 Ol 2 0 6 06 14 3 1 J6 11 1 . 09

0j kw 0 C 4. 44 Uq 0 4 4.' 41 4 0 4

1 01 1 3 05 54 1 06 1 2 05 107 1 08 2 169
S1 01 1 407 55 1 05 1 2 09 108 1 08 2 1 12

3 1 01 1 4 09 6 1 06 1 2 10 109 1 08 2 2 02
4 1 01 1 4 10 57 1 06 1 3 01 110 1 08 2 2 09
5 1 01 1 4 12 56 1 06 1 3 02 111 1 08 23 02
6 1 01 2 1 08 59 1 06 1 3 03 112 1 08 2 3 05
7 1 01 2 2 02 60 1 06 1 3 L5 11 1 082 3 06
81 012 3 02 61 1 06 1 3 A 114 1 08 2 3 09
9 1 012 3 05 62 1 06 1 3 03 115 1 08 2 3 12

10C5 63 0 061 3 12 1 1 08 2 4 02

10 2140 1 01 26 220 116 10 341

11 1 012 4 07 64 1 06 1 4 02 117 1 08 24 07
2 1 01 2 4 09 65 1 06 1 4 05 118 1 08 2 4 09

13 1 01 2 4 10 66 1 06 1 4 07 119 1 08 3 201
14 1 01 3 3 02 67 1 06 1 4 10 120 1 08 32 02
15 1 01 34 10 68 1 06 1 5 11 121 1 083 2 12
16 1 01 3 412 69 1 06 2 1 02 122 1 08 3 3 02
17 1 02 1 3 01 '0 1 06 2 1 06 123 1 08 3 12
17 1 02 1 402 71 1 06 2 2 01 124 1 08 3 4 02
19 1 02 1 4 05 72 1 06 2 2 02 125 1 08 3 4 12
20 1 02 1 4 09 73 1 06 2 2 04 126 1 09 1 1 01

21 1 02 2 1 01 74 1 06 2 2 05 127 1 09 1 1 08
2231 02 2 1 02 75 1 06 2 3 02 128 1 091 3 01
231 02 2 1 06 76 1 06 2 3 03 129 1 091 3 08
24 1 02 2 1 08 77 1 06 2 3 04 130 1 09 21 01
23 1 02 2 2 01 8 1 06 2 3 07 131 1 092 1 08
26 1 02 2 2 02 79 1 062 3 09 132 1 09 3 1 08
27 1 02 2 2 05 80 1 06 2 3 12 133 1 10 2 2 02
28 1 02 2 3 01 81 1 06 2 4 02 134 1 10 2 3 12
29 1 022 3 02 82 1 06 2 4 04 135 1 10 3 2 02
30 1 02 2 3 06 83 1 06 2 4 05 136 1 11 2 3 07
311 1 022 3 08 84 1 06 2 4 07 137 1 11 2 309
32 1 02 2 4 02 85 1 06 2 4 09 138 1 11 2 3 12
33 1 02 2 4 04 86 1 06 ' 4 10 139 1 11 3 3 07
34 1 02 2 4 05 87 1 06 2 4 12 140 1 13 3 3 09
35 1 02 2 4 07 88 106 3 2 02 141 111 3312
36 3 02 2 4 09 89 1 06 3 2 07 142 .1 1 4 05
37 1 02 3 2 02 90 1 06 3 2 12 143 1 13 23 12
38 1 02 3 03 91 1 06 3 3 07 144 1 13 24 02

39 1 02 3 2 12 92 1 06 3 3 09 145 1 13 3 2 02
40 1 02 4 5 11 93 1 06 3 3 12 146 1 13 j 2 12
41 1 03 1 2 05 94 1 06 3 4 12 147 1 13 3 2 13
42 1 03 1 4 05 95 1 07 1 4 09 148 1 133 3 09
13 1 04 2 1 01 96 1 07 1 4 12 149 1 13 3 3 12
44 1 04 2 1 02 97 1 07 2 4 09 150 1 13 3 413

*45 1 04 2 1 08 98 1 08 1 2 12 151 1 15 2 2 02
4 6 1,04 7 3 01 99 1 08 1 3 32 152 1 16 1 5 11
4'/ 1 04 2 3 02 100 1 08 1 3 05 153 1 16 4 1 11
48 1 04 2 3 06 101 1 08 1 3 06 154 1 16 4 5 11
49 1 04 3 2 02 102 1 08 1 3 07 155 2 01 1 3 07
50 1 04 3 3 02 103 1 08 1 3 12 156 2 01 1 305
51 1 05 1 4 05 104 1 08 1 4 02 157 2 01 1 3 08
52 1 06 1 1 01 105 1 08 1 405 158 2 01 1 312
53 1 06 1 2 02 106 1 08 2 1 06 159 2 01 1 4 02

(Contnued)(Sheet 1 of 7)
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Table 21 (Continued)

0 0 0

" .1 n42 20

d 0 ci

0 1 24 21

W6 0 1 1 4 2 24 02 0 3 2 2 0 'A 06 06

tiN -A

0n 
0444

160 2 01 1 4 OS 213 2 02 2 3 03 266 2 06 1 4 05
160 2 01 1 4 05 213 2 02 2 3 05 267 2 06 1 4 12
16: 2 01 1 4 09 215 2 02 2 3 07 268 2 06 2 2 01
163 2 01 1 4 10 216 2 02 2 3 09 269 2 06 2 2 02
164 2 01 1 4 12 217 2 02 2 3 12 270 2 06 2 2 04
165 2 01 1 5 07 2 2 02 2 4 02 271 2 06 2 2 05
166 2 01 2 3 02 219 2 02 2 4 05 272 2 06 2 2 12
167 2 01 2 3 C5 220 2 02 24 07 273 2 06 2 3 01
168 2 01 2 3 08 221 2 02 2 4 09 274 2 06 2 3 02
169 2 01 2 3 11 222 2 02 2 4 10 275 2 06 2 3 03
170 2 01 2 4 02 223 2 02 2 4 11 276 2 06 2 3 04
171 2 01 2 4 05 224 2 02 2 5 07 277 2 06 2 3 05
172 2 01 2 4 06 2252 023 2 02 278 2 06 2 3 07
173 2 01 2 4 07 2262 023 3 02 279 2 06 2 3 08
174 2 01 2 4 08 227 2 023 4 07 280 2 06 2 3 0!
175 2 01 2 4 09 228 2 03 1 3 05 281 2 06 2 3 12
176 2 01 2 4 10 229 2 03 1 4 J2 282 2 06 2 4 02
177 2 01 2 4 11 230 2 03 1 4 04 283 2 06 2 4 04
178 2 01 4 1 12 231 2 03 1 4 05 284 2 06 2 4 05
179 201 2 5 09 232 2 03 1 4 10 285 06 24 06
180 2 01 2 S 11 233 2 03 2 4 05 286 2 062 4 07
181 2 01 3 4 05 234 2 03 2 4 10 287 2 06 2 4 09
182 201 3 4 07 235 2 04 1 1 01 288 2 06 2 4 10
183 2 01 3 4 08 236 2 04 13 02 289 2 06 2 4 12
184 2 01 34 09 237 2 04 21 01 290 2 06 3 2 02
165 2 01 34 10 238 2 04 21 02 291 2 06 3 2 12
186 2 01 3 4 011 2394 2 0421 08 292 2 06 3 3 02
187 2 01 3 412 240 2 04 2 3 01 293 2 06 3 3 09
188 202 1 1 01 241 204 32 02 294 2 06 3 312
189 2 02 1 1 02 242 2 05 1 4 09 295 2 06 3 3 13
190 2 02 1 1 08 243 2 05 1 4 10 296 2 06 3 4 12
191 2 02 1 2 02 244 2 05 2 2 04 297 2 07 1 3 02
192 2 02 1 3 01 245 2 05 2 4 05 298 2 07 1 3 09
193 2 02 1 3 02 246 2 05 24 10 299 2 07 1 2 12
194 2 02 1 3 03 247 2 06 1 1 01 300 2 07 1 4 01
195 202 1 3 05 248 2 06 1 1 02 301 2 071 4 09
196 2 02 1 3 01 249 2 06 1 1 06 302 2 07 1 4 12
197 0 02 1 3 12 250 2 06 1 1 08 303 2 07 2 2 01
198 2 02 1 4 02 251 2 06 1 2 02 304 2 07 2 3 01
399 2 02 .. 4 05 252 2 06 1 2 05 305 2 07 2 3 03
200 2 02 14 07 253 2 06 1 2 09 306 2 07 2 4 09
201 2 02 14 09 254 2 06 1 3 01 307 2 07 1 2
202 2 02 1 4 10 255 2 06 1 3 02 308 2 08 1 1 01
203 2 02 2 1 C0 256 2 06 1 3 03 309 2 081 1 08
204 2 02 2 102 257 2 06 1 305 310 208 1 112
203 2 02 2 1 08 258 2 06 1 3 06 311 2 08 1 2 05
206 2 02 2 2 01 259 2 06 1 3 09 312 2 08 1 3 01
207 2 ',2 2 2 02 260 2 06 1 312 313 2 08 13 02
203 2 02 2 2 03 261 2 06 14 01 314 2 08 1 303
209 2 02 2 2 05 262 2 06 1 4 02 315 2 08 1 3 05
?10 2 02 2 2 12 263 2 06 1 4 05 316 2 08 1 3 06
211 2 02 2 3 01 264 2 06 1 4 07 317 2 08 1 3 07
212 2 02 2 3 02 265 2 06 1 4 09 318 2 08 1 3 08

: (Continued)

(Sheet 2 of 7)



Table 21 (Continued)

340 0 20

32 04 4 0 376 4 '-31 1 Ol 4 4 02 1 4 i

2 U 3 1 01

w 44

U 0 U 0 0 0 0

Cj 0 Z) 0a 43 3 0 104 0

;48 !2- a: p k4 12 381 w "3 2n 2 4 43 30

319 2 08 1 3 09 372 2 11 1 3 03 425 3 02 1 4 04
300 2 0842 1 02 373 2 11 1 3 12 426 3 02 1 4 05
321 2 08 2 13 374 2 123 23 09 427 3 02 1 4 H 0
322 2 08 1 4 01 375 2 12 1 3 09 4- 8 3 02 0 4 09

323 2 08 1 4 02 376 2 13 1 1 012 429 3 02 1 41 0

324 2 08 1 4 05 377 2 13 1 3 02 430 3 02 2 4 09
325 2 08 1 4 07 378 2 13 ' 4 05 441 3 03 1 3 05
316 2 08 1 09 379 2 13 12 4 07 432 3 02 1 4 02
327 2 08 1 3 12 370 2 13 2 2 02 423 3 02 1 4 05
328 2 081 31 3 371 2 13 2 2 09 424 3 02 1 3 40
329 2 081 4 01 372 2 13 23 09 425 3 02 1 3 09
320 2 08 2 1 02 33 621 1 3 02 426 3 02 1 4 10
341 2 08 2 1 05 374 2 13 1 3 05 437 3 02 2 4 09
332 2 08 2 1 09 395 2 13 2 3 07 438 3 06 1 4 02
323 2 08 2 1 10 386 2 13 2 3 02 439 3 06 1 1 02
334 2 08 2 1 02 387 2 13 2 2 04 440 3 06 1 3 02
325 2 08 2 4 03 388 2 13 2 4 01 451 3 06 13 0
336 2 08 2 2 389 2 13 2 4 07 432 3 061 41 0
337 2 08 2 06 3840 2 13 2 02 443 3 06 1 42 0
332 2082 3 01 1 2 13 3 2 09 434 3 06 1 1 01
339 2 08 2 1 02 32 2 2 13 2 3 2. 435 3 06 1 1 02
340 2 08 2 2 02 33 3 2 15 214 02 446 3 06 1 1 08
331 2 08 2 3 04 394 2 13 214 30 447 3 06 1 2 02
332 2032 04 5 2 13 2 402 448 3 06 1 1 09
343 2 08 2 12 396 2 13 2 3 02 449 3 06 1 25 0
338 2 08 2 3 01 397 2 16 323 12 440 3 06 1 3 01
335 2 08 2 3 02 398 2 16 3 4 41 451 3 06 1 3 02
346 2 082 3 3 399 2 15 1 3 05 442 3 06 1 3 05
347 2 082 4 39 420 2 16 1 2 02 443 3 06 1 30 2
343 2 08 2 4 06 431 2 16 1 4 02 454 3 06 1 4 08
349 2 08 2 4 07 432 16 1 3 11 455 3 06 1 4 09
350 2 08 23 109 40 3 216 1 4 0 456 3 06 1 4 09
361 2 08 2 3 12 434 2 16 1 4 10 457 3 06 1 4 02
342 2 08 2052 405 2 12 2 4 08 458 3 06 1 4 12
333 2 092 4 1 4012 16 02 5 1 459 3 06 1 4 05
354 2 082 4 09 402 16 5 1 40 3 06 1 4 0
355 2 08 24 12 408 2 12 3 4 11 471 3 06 2 3 02
352 2 0832 02 409 3 0162 1 O2 452 3 061 1 3 0
357 2 083 2 12 410 3 02 1 2 05 453 3 0615 3 12
358 2 08 3 02 401 3 02 1 6 02 464 3 06 2 4 02
359 2 08 3 12 4082 1 1 05 465 3 06 2 4 0
360 2 08 4 12 413 3 01 1 4 30 466 3 06 2 4 01
368 2 09 1 1 01 411 301 14102 464 3 06 24 02
369 2 091 1081 4123 012.1405 465 3 06 24042
363 2 0912 1 11 42. 3301124 07 466 3 06 32405
361. 2 091 3101 414 301124 10 4670 30621409
36? 2 0912 5 1.1 415 301234104 468 3 81 0624 2
353 2 1092 102. 416 302.24107 469 3061 13202

363 2 109 5 11 4208302134105 471 3 0813012

369 2 10 2 3 02 422.3 021.3 02 474 3 08 1 402
369 2 2.02 3 12 422 302 1 305 475 3 08 14 05
3;0 2 10 3 2 02 423 302 2.4 01 476 3 081.4 10
371 2 10 3 2 05 424 3 02 1 4 02 477 3 08 1 4 12

S(Contfnu&d) (Sheet 3 of 7) A
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Table 21 (Coutinued)

_• .AF

0 0

5014 011 408 5544 051 0 0

502 4 011409O 554 4 0514 307 8 6Z4
503 4 011 4 108 556 4 051 2 05 614 4 081 3 07

48 91511 557 40514 310 0812 2 04
48 01109 558 4 05124012 5O 0812302

4506410 12302 559 40515408 6912408123 04

0 3 50 4Q 2 401 1 0 q3
803 4 012 3 09 561 4 02 44

48 33 a3 14 W 2 54 0 42 10 59 06 2 d Z

459 3 012 4 02 532 4 02 6 1 0 584 4 06 1 4 02
04 3 013 2 4 05 563 4 06 1 4 02 51 5 4 06 1 4 05

4901 2 0 2 4 01 0 56 40 2 02 586 4 06 1 4 01
451 3 4 9 1 1 01 564 4 06 12 04 582 4 06 1 4 12
492 3 09 1 1 08 536 4 06 13 01 588 4 06 2 2 02
451 4 02 1 1 08 536 4 06 13 103 58 4 06 2 3 04

5140 30 4 0 2 4 05 620 4 0682 0
485 40 1 1 3 08 538 4 02 2 4 06 591 4 06 2 3 07
459 4 10 1 3 03 539 4 02 1 4 05 602 4 06 2 3 01
408 4 01 3040 5734061 309 6264062405.
452 1 1 4 05 54 4401 310 625 4 06 2 4 12
522 4 01 1 4 08 575 4 06 1 3 02 595 4 06 342 02
503 40 1 34 0 54 4 06 1302 6 4 06 342 02
524 4 0140 57 4 0 1 4 01 597 4 06 34 02
502 4 01 14 102 575 4 06 1 4 02 59 4 06 9 4 01
524 4 2140 1 4 40 632 4 09 11 08

!N52 84 4 0214024 05 1 4 10 600 4 061 3 01

~506 4 0214308 582 .06 14507 635 41011Z 3 0

50 4 0214 3 09 548 4 06 2 4 05 631 4 01 2 3 07

5096 4 01 1 3 08 549 4 03 2 4 07 602 4 06 2 4 08
497 4 01 1 3 09 550 4 05 1 3 05 603 4 06 2 4 09

08 4 01 1 4 02 551 4 0 1 3 08 60 ( 4 06 2 4 10
499 4 01 1 4 40 552 4 05 1 4 01 605 4 06 2 4 12

500 4 01 1 4 07 553 4 05 1 4 04 6206 4 06 3 2 02
501 4 01 1 4 08 554 4 05 1 4 05 607 4 06 3 202
516•02 4 1 14 09 555 4 05 1 4 07 608 4 06 3 3 02
503 4 01 1 4 10 556 4 05 1 4 09 609 4 06 3 401
504 4 01 1 4 12 557 4 05 1 4 10 610 4 08 123 04
501; 4 01 1 5 09 558 4 05 1 4 12 611 4 08 1 3 02
506 4 0121 3 02 559 4 05 1 5 09 612 4 08 1 3 04.
507 4 012 3 03 560 4 05 2 4 010 613 4 08 1 3 05
502 4 0121 3 09 561 4 03 2 4 05 614 4 08 134 07
509 4 012 4 02 5762 4 05 2 4 10 615 4 08 1 4 02
510 4 0121 4 05 563 4 06 1 1 01 616 4 08 1 4 05
511 4 012 4 07 564 4 06 1 1 07 6317 4 08 1 4 07
512 4 012 4 09 565 4 06 1 2 02 618 4 08 1 4108

514 4 01 3 4 07 567 4 06 1 3 01 620 4 08 2 2 12

518 4 02 1 3 07 571 4 06 1 3 06 624 4 08 2 3 07
5129 4 02 1 3 03 5)2 4' 06 1 1 07 625 4 108 2 1 2O

524 4 02 1 4 01 577 A 06 1 4 01 630 4 08 1 3 4 O1

525 4 02 1 02 58 4 0 1 4 2C6314t09ue1d0
526 ~ ~ ~ ~ ~ ~ ~ ~ (he 4 02 17)45940 0 9110
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Table 21 (Continuec)

o o 0 o •
S0

0 W ~ 0 -

U 1 0 U~ Q0

4 3 5052 10 7 4 13 0"

4 102 202 691.3061101 7445082302
637 4 10 2 3 02 692 5 06 1 1 02 745 5 08 213 03

640 4 11 2 3 12 693 5 06 1 1 03 746 5 08 2 3 06
641 4 11 3 3 12 694 5 06 1 1 06 747 5 08 2 4 07
642 4 12 1 3 09 695 5 06 1 1 08 748 5 09 1 1 01
643 4 13 1 2 01 696 5 06 1 1 09 749 5 09 1 1 08

644 4 13 1 3 02 697 5 06 1 2 02 750 5 09 1 1 11
645 4 13 1 4 05 698 5 06 1 2 O 751 5 09 1 2 02
646 4 13 3 1 02 699 5 06 1 2 08 752 5 09 1 3 08
647 4 13 3 2 12 700 5 06 1 3 01 753 5 09 1 4 07
648 4 13 3 3 02 701 5 06 1 3 02 754 5 09 1 5 11
649 4 13 3 3 12 702 5 06 1 3 03 755 5 09 2 1 01
650 4 15 1 3 01 703 5 06 1 3 05 756 5 09 2 1 08
651 4 15 1 3 02 704 5 06 1 3 06 757 5 10 2 3 02
652 4 15 1 3 03 705 5 06 1 3 07 758 5 11 1 3 03
653 5 01 1 3 02 706 5 06 1 3 08 759 5 13 1 3 03
654 5 01 1 3 05 707 5 06 1 3 09 760 5 13 . 3 06
655 5 01 1 3 12 708 5 06 1 3 0 761 5 13 1 3 12
656 5 01 1 4 02 709 5 06 1 3 12 762 5 13 1 4 05
657 5 01 1 4 05 710 5 06 1 4 02 763 5 13 2 1 08
658 5 01 1 4 10 711 .5 06 1 4 03 764 5 13 2 3 01
659 5 01 2 3 05 712 5 06 1 1 04 765 5 13 2 3 02
660 5 01 2 4 05 713 5 06 1 4 35 766, 5 13 2 4 05
661 5 012 4 09 714 5061407 767 16 1 5 11
662 5 01 2 4 10 715 5 06 1 4 09 768 6 01 1 1 08
663 5 01 2 4 12 716 5 06 1 4 10 769 6 01 1 3 01
664 5 02 1 1 01 717 5 06 1 4 12 770 6 0 1 1 3 02
665 5 02 1 1 02 718 5 06 2 3 02 771 6 01 1 3 08
666 5 02 1 1 0V. 719 5 06 2 4 03 772 6 01 1 3 09
667 5 02 1 3 01 720 5 06 2 4 04 773 6 01 1 4 01
668 5 02 1 3 02 721 5 06 2 4 05 774 6 01 1 4 05
669 5 02 1 3 03 722 5 06 2 4 09 775 & 01 1 4 07
670 5 02 1 3 04 723 5 06 2 4 12 776 6 01 1 .4 08
671 5 02 1 3 05 724 5 06 3 3 02 777 6 01 1 4 10
672 5 02 1 3 13 725 5 06 3 3 03 778 6 01 1 4 11
673 5 02 1 4 01 726 5 07 1 3 02 779 6 01 1 4 12
674 5 02 1 4 02 727 5 07 1 3 12 780 6 01 1 5 01
675 5 02 1 4 05 728 5 07 1 4 12 781 6 01 1 5 07
676 5 02 1 4 07 729 5 08 1 2 02 782 6 01 1 5 08
671 5 02 1 5 11 730 5 08 1 2 12 783 6 01 1 5 10
678 5 02 2 4 J2 731 5 08 1 3 0 781 6 01 1 5 11
679 5 02 2 4 05 732 5 03 1 3 02 785 6 01 2 1 08
680 5 02 2 4 07 733 5 08 1 3 06 786 6 01 2 3 02
681 5 02 2 4 09 734 5 08 1 3 07 787 6 01 2 4 05
682 5 02 2 4 10 735 5 08 1 3 09 788 6 01 2 4 07
683 5 03 1 3 05 736 5 08 1 3 12 789 6 01 2 4 09
684 5 03 1 4 04 737 5 08 1 4 01 790 6 01 2 4 10
685 5 03 1 4 05 738 5 08 1 4 02 791 6 01 2 5 08
686 5 03 1 4 10 739 5 08 1 4 05 792 6 01 2 5 09
687 5 03 2 4 05 740 5 08 1 4 07 793 6 01 2 5 11
688 5 03 2 4 07 741 5 08 1 4 09 794 6 01 3 4 07
689 5 05 1 4 10 742 5 08 1 4 12 795 6 02 1 1 01
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Table 21 (Continued)
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a. 0 0 a 0 4

14 14

4 C ; ho

Q7 Ij 02 1 1 06 850 6 04 2 3 01 903 6 u6 2 12
9, 6 02 1 1 07 851 6 05' 3 04 904 6 06 2 3 01

79 6 02 1 08 852 6 05 1 3 05 905 6062302

800 6 02 1 1 09 853 6 05 1 3 08 906 6 06 2 3 05
801 6 02 1 2 04 854 6 05 1 3 09 " 06 2 3 08
802 6 02 1 3 01 855 6 05 1 3 11 9U8 6 O 2 3 09
803 6 02 1 3 02 856 6 05 1 4 01 909 6 06 2 3 12
804 6 02 1 3 03 857 6 05 1 4 04 910 6 06 2 4 01
805 6 02 1 3 04 858 6 05 1 4 05 911 6 06 2 4 02
806 6 02 1 3 05 859 6 05 1 4 07 12 6 06 2 4 03
807 6 02 1 3 06 860 6 05 1 4 10 913 6 06 2 4 05
808 6 02 1 3 08 861 6 05 1 4 12 914 6 06 2 4 06
809 6 02 1 3 12 862 6 05 1 5 04 915 6 06 2 4 07
810 6 02 1 4 01 863 6 05 1 5 11 916 6 06 2 4 09
811 6 02 1 4 02 864 ', 05 2 4 07 q17 6 06 2 4 10
8i2 6 02 1 4 04 865 6 05 2 5 08 918 6 06 2 4 12
813 6 02 1 4 05 866 6 06 1 1 01 919 6 06 3 2 02
8146021406 867 5 6 1102 9206 06 3 207
815 6 02 1 4 07 868 6 06 1 1 06 921 6 06 3 2 10
816 6 021408 869 6 06 1 1 07 922 6 06 3 2 12
"817 6 02 1 4 09 870 .6 06 1 1 08 923 6 06 3 3 02
818 6 02 1 4 10 871 6 06 1 1 09 924 6 06 3 3 12
819 6 02 3 4 12 8, ý 6 06 1 2 02 925 6 06 3 4 11
82,1 6 02 1 5 07 8/3 6 06 1 2 04 926 6 07 1 3 09
821 6 02 1 5 08 874 6 06 1 2 09 927 6 07 1 4 01
822 6 02 1 5 10 875 6 06 1 2 10 928 6 07 1 4 07
823 6 02 1 5 1x 876 6 06 1 2 12 929 6 07 1 4 09
824 6 02 2 1 03 877 6 05 1 3 01 930 6 07 1 4 12
823 6 02 2 1 02 E-78 6 06 1 3 02 931 6 07 2 (4 0
826 6 02 2 1 08 '379 6 06 1 3 01 932 6 08 1 2 02
827 6 02 2 3 02 880 6 06 1 3 L4 933 6 08 1 2 04
828 6 02 2 3 04 881 6 06 1 3 0 934 6 08 1 2 05
829 6 02 2 3 05 882 6 06 1 3 06 935 6 O 1 3 01
830 6 02 2 4 01 883 6 06 1 3 07 936 6 08 1 1 02
831 6 02 2 4 02 884 6 06 1 3 08 937 6 08 1 3 03
832 6 02 2 4 05 885 6 06 1 3 09 938 6 08 1 3 04
633 6 02 2 4 07 886 6 06 1 3 10 939 6 08 1 3 05
834 6 02 2 4 09 887 6 06 1 3 11 940 6 08 1 3 06
83i 6 02 2 4 10 888 6 06 1 3 12 941 6 08 1 3 08
836 6 02 2 4 12 889 6 06 1 4 01 942 6 08 1 3 09
837 6 02 3 2 07 890 6 06 1 4 02 943 6 08 1 3 11
838 6 C2 4 1 08 891 6 06 ? 4 03 944 6 08 1 3 12
839 6 03 1 3 02 892 6 06 1 4 04 945 6 08 1 3 13
840 6 03 1 3 04 891 6 06 1 4 05 946 6 08 1 4 01
841 6 0' 1 3 05 894 6 06 1 4 07 947 6 08 1 4 02
642 6 03 1 4 02 895 6 06 1 4 08 948 6 08 1 4 03
843 6 01 1 4 04 896 6 06 1 4 09 949 6 08 1 4 04
8.114 b 03 1 4 05 897 6 06 1 4 10 950 6 08 1 4 05
845 6 03 1 4 07 898 6 06 1 4 11 951 6 08 1 4 07

846 6 03 1 4 12 899 6 06 1 4 12 952 6 08 1 4 09
8'7 ( 04 1 1 01 900 6 06 1 5 11 953 6 08 1 4 10
84M 6 04 2 1 01 901 6 06 2 2 02 954 6 08 1 4 11
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Table 21 (Concluded)

0o 0 C 00

955 6404 1
00

W9 6 1 08ta w %W 1
00 01 0

If '4-4 . -o t* o4 4'44 .
9 17 6 U W 0 . 1 3 vi 0 2

9626081413 210058613140251

96 6081 13 1006 613 2 0 08
955 6 08 2 5 01 1020 6 13 1 3 01
958 6 08 1 5 08 1011 6 13 2 3 02
9596 08 1 5 11 1012 6 13 2 3 08
960 6 08 2 2 02 1013 6 13 2 4 02
961 6 08 2 2 12 1014 6 13 3 2 02
962 6 08 2 3 02 1015 6 13 3 212
963 6 08 2 3 04 1016 6 14 1 3 02
961 6 08 2 3 05 1017 6 14 13 04
965 6 08 2 3 06 1018 6 14 Z 3 02
966 6 08 2 3 07 1019 6 14 2 3 04
967 6 08 2 3 08 1020 6 15 1 1 08
968 6 08 2 3 11 1021 6 15 1 3 01
96 6 08 2 3 12 1022 6 15 1 3 02
970 6 08 2 4 02 1023 6 15 1 4 02
971 6 08 2 4 05 1024 6 15 2 1 08
972 6 08 2 4 08 1025 6 15 2 3 02
973 6 08 2 4 12 1026 6 16 1 1 08
974 6083 202 10276±6A1 2 11
975 6 08 3 2 12 1028 6 16 1 3 08
976 6 08 3 3 02 1029 6 16 1 3 11
977 6 08 3 402 1030 6 16 1 4 01
978 6 08 3 4 12 1031 6 16 1 4 02
979 6 09 1 1 01 1032 6 16 1 4 05
980 6 09 2 1 08 1033 6 16 1 4 07
982 6 09 1 2 02 1034 6 16 1 4 08
982 6 09 12 03 1035 6 16 1 4 10
A3 6 09 1 3 01 1036 6 16 1 4 11
934 6 09 1 3 08 1037 6 16 1 4 12
985 6 09 2 1 01 1038 6 16 1 S 0i
986 6 09 2 1 08 1039 6 16 1 5 02
987 6 09 2 3 01 1040 6 16 2 5 05988 6 09 2 3 08 1041 6 16 1 5 07
989 6 10 1 2 04 1042 6 16 1 5 08
990 6 10 1 3 01 1043 6 16 1 5 11
992 6 10 2 3 02 1044 6 16 2 2 11
992 6 10 1 3 03 1045 6 16 2 3 11
993 6 10 1 3 05 1046 6 16 2 5 11
994 6 1013081047 3 2 12
995 6 10 1 312 10486 26341
996 6 102 205 1049 6 16 3 511
917 6 10 2 32 105006 64108
998 6 102 303 1052.6 16 4 508

1999 6 10 2 4031052 6 1.6 45 2.2
1000 610 2 412
1001 6 10 3 2 05
1002 13 1 1 02
1003 6 13 1 2 02
1004 6 13 1 3 02
2.005 6 2.3 2. 3 02
1006 6 13 1 4 02
1007 6 2.3 1 4 04
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Table 25

Cultural and Natural Background Noise Sources

,•:Cultural Natural

1. Urban areas iN. Rain

2. Railroads 2N. Sleet

3. Airports 3N. Hail

4. Marine traffic 4N. Wind

r5. Interstate highways 5N. Stream

6. Principal highways 6N. Rivers and wave action

7. Secondary roads 7N. Thunder and lightning

8. Mines (underground and open pit) 8N. Earth tremors

9. Factories 9N. Rock cracking

10. Generating stations ION. Animal noise

11. Agriculture operations 11N. Dust storms and/or
sand stroms

12. Construction operations

13. High-voltage transmission lines

14. Pipe lines

15. Lock or dan

16. Campsite

17. Wells

18. Windmills

19. Drawbridges

20. Impact areas

21. Cantonement areas

22. Schools and institutions

23. Logging activities

24. Pumping stations

i,7 a



Table 26

Military Grid Coordinates of Sampling Points

Map: Fulda

Series: M 745 No. L5524

Scale: 1:50,000

Sampl No.Military Grid

1 4889 9466

2 6488 8715

3 6285 9669

4 4982 9266

5 6,290 9380

6 5654 9698

7 6'415 0355

8 5536 0545

9 5538 9114

10 5631 9834

11 5601 0189

12 5384 9770

13 4935 9103

14 6539 9597

15 6992 9527

16 4845 9895

17 4985 0432

18 5486 0045

19 5683 92

20 6888 0080



Table 27

Backgrcund Noise Sources, Number of Occurrences,

"and Distances from Sampling Points

Distance from Samplin-Poiit, km

0 -0.5 0.5 - 1.0 1.0 - 2.0
Sampling
Point Tpe Number e Number Type Number

2 6 2 1 2
2 1 7 3.4 2 1
6 2 16 1 7 31
7 5 15 1 13 1

11 1 11 1 1P 1
5N 5 16 1
6N 1 24 1
15 1 11 1

22 1

1 1 1 1 1 3
7 5 6 1 7 28

11 1 7 6 8 1
5N 1 8 1 11 1

11 1

3 6 1 7 3 1 1
7 6 11 . 23

11 1 SN 1 11 1
5 1 13 1

17 1
18 1
5N 2

4 7 4 2 1 1 3
11 1 5 1 6 1
5N 2 6 2 7 29
15 1 13 1 16 1

15 4 18 1
6N 1 5N 5
11 1 6N 1

7 7 15 1
8 1

(Continued)
(Sheet I of 5)
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Table 27 (Continued)

!!8 Distance from Sampling Point, km

0 - 0.5 0.5 - 1.0 1.0 - 2.0
Sampling
Point Type Number Type Number Type Number

7 5 1 2 1 2
1. 1 7 12 6 1
5N 1 16 1 7 43

13 1 11 1
15 1
11 1 '•

6 7 6 7 11 1 2
11 1 11 1 7 38
15 1 13 1 11 1

5N 1 15 1
17 1

7 7 5 7 i1 1 4
11 1 11 1 2 1
5N 1 17 1 7 39

16 1
ii 1

8 1 1 7 10 i 2
7 7 11 1 2 1

1.1 1 5N 1 7 21
5N 1 6N 1

18 1
11 1

9 7 6 1 1 1 3
1L.L 1 2 1 7 45

6 1 15 26
7 16 24 1

11 i 1 5N 7
5N 2 6N 2

S....16 1
(Continued) (Sheet 2 of 5)



Table 27 (Continued)

Distance from Sampling Point. km

0-0.5 0.5-1.0 1.0-2.0
Sampling
Point Typ Number Typ Number Type Nube

10 7 8 1 2 6 1
11 1 7 17 7 47

11 1
5N 2 11 1 13 1

5N4 3 17 1
5N 4
6N4 1

1111 7 11 1 2
7 9 11 1 2 1

11 1 15 1 7 38
5N 1 8 1 16 1
15 1 8 1

17 1

SN 3 *
12 1 1 7 12 1 4

7 6 11 1 5 1
11 1 13 1 7 38
5N 2 5N4 1 8 1

13 1
11 1

17 1

5N4 8I
13 1 1 6 1 1 2

7 6 7 14 7 54

5N4 1 16 1 15 3
6N 1 11 1 16 2
18 1 13 1

11 1 (Continued)

(Sheet 3 of 5)

........... ..... .... ..
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Table 27 (Continued)

t Dis~tance from Sa~mpling Point, km

0-0.5 0.5 -1.0 1.0 -2.0
Sampling
PitType Number Type Number Type Number

14 1 1 6 1 1 2
7 6 7 14 7 54

5N 1 16 1 15 3

6N 1 11 1 16 2
113 1

15 7 5 6 1 1 1
11 1 7 15 6 1

11 1
5N 1 17 1 7 29

8 11
5N 2 17 1

15 1
5N 6

16 1 1 7 10 6 2
2 1 16 2 9 1
6 1 5N 2 11 1
7 6 6N 2 15 1

16 1 9 1 17 1
1.1 1 16 3

5N 5
7 40

17 5 1 2 1 1 4
6 1. 7 15 2 1
7 7 11 1 7 32

5N 1 5N 1 11 1
11 1 13 1

5N 2
9 1

(Continued)
(Sheet 4 of 5)
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Table 27 (Concluded)

Distance from Sampling Point, km

0 -0.5 0.5 - 1.0 1.0 - .
Sampling
Point Number Typ Number Typ Number

18 76 7 13 1 7
17 2 b 1,7 36

5N 1 17 1
6N 1 15 2

8 1
5N 5
6N 1
13 1

19 7 8 7 8 1 3
11111 1 6 .1

17 1 7 35
SN 2 13 1

17 1

20 7 7 7 12 1 1
11 1 11 1 6 1
5N 1 5N 2 7 40

(SheetS5 of 5)
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'table 29

Target Types and Targe~tl Combination Codes for Multiple-

Target Signature Acquisition

4" Primary Targets
Wheeled Tracked Rotary-Wing Fixed-Wing Walking
Vehicles Vehicles Aircraft Aircraft Man

Secondary Targets 3 Types 3 Types 3 Types 3 Types 1 Man

Wheeled vehicles
(3 types) 1*2 3 4 5

Tracked vtz',cles
(3 types) 6 7 8 9

Rotary-wing aircraft
(3 types) 10 11 12

Fixed-wing aircraft

(3 types) 13 14

r Target Typea

Wheeled Tracked Rotary-Wing Fixed-Wing
Vehicles Vehicles Aircraft AircraftP

M170 M113 UH IN

M35AI M551 TH57A To be determined

M125 M60Al HHlK

*Numbers refer to target combination codes used in Table 30.



0JJ* Ud.0* 0

2 en

0 0 0~

ow ~i --. 0-

P4~

0t

0
1.4 44

o -41

0 £4 005 0 sO
.5.4 14 -

4j 00

be d) 4 2 0 Ai '5 U

cn u4qw c .S.4. ) 4242 4U

42 1.. 42 A ~ .0 u 042 &j4.O
,-4 -0 41 4i c~ loo boo~si 11J~h 105

SUq I-. SW4 0. 4 0

424 0n 54 U 110 1-s .- 0 en41
toM e (1 , 4) 0 4 , H.4 )(

5442 .0 4j( 11 1

Len A Crn P4 C.)
-0)

442

42 0

'-4T N 1

4- 42154 C4s

n 9kmj
....... ...... ....



:- fU 0o1

-A4) 1 -P4 4, -H .944 we

nn00

A 4.9 (.J.

ww

41 . -0 L1*zg

4. .4 4. 0 W, 0-

co0 %1 0*~e 4 -0

io u 00 44 ',t

4 4 o w 0 ;4 1~ 'a u 4-1f c

0. 0 to

41. 4&) 0 41

(o # 0 4 LA

,ý4 I I w 0

44 A. d >1 0 -I ~ ~ 4L''~5 2 ' '' I 4141r. 0'.5I 0



4.4

%00

ý44

Aqj

0 0 0 444) -- D0 4
f, H40'n ; W l

U o4 .4 .

tvA 41ra g

U) 41 4 U

$ o H *. wO u4.

-HO w. ~ O '

0J 0a 4 0 ..

.tJ 4- NC44 ) ~ ) 4)N U W

004-4 44t1tJ 0-4
ý4 W

........... 3



44.

4.4

*~ (N N N .

4.4 ..- 4

0~ 0

14 4.4 4.4 . 44. W.( A4 10 4.4 4.

m. to 0 ka * r6i 44 * (

:>4 (U4

0M "
U) 444 4 -1-U4

U) C) c d (

H H H

w P4



.a. -e

-01

Ito 14 4)0 '10

A's

'40 4. At

844 64 "1

L but



pf.

44' I~, I '**i

4W4

4 4

PT4

k 16.44

S * I

4166

.9s

444

It ' o

;v" 1*

$it

IP', 46.s'

-~~~i VA ~ ~



-AL

to o

aP. 
' k ,

9 9

N %U

W* ID P1  QA

'Ot

I't

THEMATIC FACTOR COMPLEX
MAP OF THE WORLD

PLATE I

..... ..



............ w c . -zs~..*..,,. t'.Y %~r..q i

405

SO 70 150 I0 1
4

0 iSO .120 .1,0000

CLAS THCNES 0.HRATRSTC

I0~~ PREDICTED SEISMIC RESPONSE CHARACTERISTICS ,.(2

0.25 GOOD.&I '
I 1.50 GOOD

g0o. 4.00 GOOD '2 0 20

0.25 FAIR
2 1.50 GOOD

I4.00 GOOD
0.25 FAIR

30 soU FAIR / 'So AO
4.00 GOOD .L

0.25 FAIR
4 1.50 FAIR/

4.00 FAIR
0,25 FAIR

40ý 5 1,50 FAIR '40
4.00 POOR
0.25 POOR

6 1.50 POOR
4.00 FAIR
0.25 POOR so

7 1,50 POOR
4.00 POOR

8 NOT CLASSIFIED NOT CLASSIPIEI)

* 6W

. . .. ...



AV-1 " WN'NUV-.7-.

..4.. .... .. .

to,

-K---- 40..4

303/. '3

41~

/ 23

/120(<

40, ' /a 12 0Y o.0b 110

/ to 2

4 0 3 0\I4

/. \I

ii . ~ ~ ~ * s~ / 1 0o 1 0\ 'Go ,.



SCALE

0 Soo0 1000 500 a000 2SOO 3000 uMILIE

0 1000 2000 3000 4000 KLOMETIMS

(TAVE DIS4TANCE$& ON MIO-WutftOtN S AND PARA44.(V S W~ TO 40-)

GOODE'S HOMOLOSINE EQUAL-AREA PROJECTION

kip~

.It

6.1 .90

22

V 30

. .......



In acow~ance with 070-2-3, paragraph 6c(2.)(b),
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Benn, Bob 0
Rationale and plan for field data acquisition required

for the rational design and evaluation of seismic and
acoustic classifying sensors, by Bob 0. Benn. Vicksburg,
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