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FOREWORD

The Human Factors Technical Area is concerned with the human re- |
source demands of increasingly complex battlefield systems which are
used to acquire, transmit, process, disseminate, and utilize informa-
tion. Research in this area focuses on human performance problems re-
lated to interactions within command-and-control centers as well as
issues of system development. It is concerned with such areas as
software development, topographic products and procedures, tactical
symbology, user-oriented systems, information management, staff opera-
tions and procedures, decision support, and sensor systems integration
and utilization.

One area of special interest is that of human factors problems
in the presentation and interpretation of surveillance and target ac-
quisition information. One relatively new source of intelligence in-
formation is remote monitoring of the battlefield using seismic,
acoustic, and magnetic unattended ground sensors (UGS). When these
remote sensors are activated by enemy personnel or vehicle movement,
a monitor display located behind our lines indicates the activity.
The operator can derive from this display not only the presence of
the enemy but also such information as the direction and speed of con-
voys and personnel, the number of vehicles in convoy, and the composi-
tion of the convoy, e.g., armored versus wheeled vehicles.

The research presented in this report investigated the effect on
operator performance of various levels of signal-to-noise ratio and
also extended previous research on operator bandwidth requirements for
the acoustic remote sensor. The results have implications for overall
sensor system design and for the operational utilization of varying
numbers of relays.

Research on sensor systems integration and utilization is con-
ducted as an in-house effort augmented through contracts with organi-
zations selected for their unique capabilities and facilities for re-
search on sensor systems. This report represents research by personnel
from ARI and HRB Singer, Inc., under contract DAHC19-76-C-0034. The
effort is responsive to general requirements of Army Project
2Q763743A774 and to special requirements of the U.S. Army Intelligence
Center and School, Fort Huachuca, Ariz.; Project AVID GUARDIAN, U.S.
Army, Europe; and the Remotely Monitored Battlefield Sensor System
(REMBASS) project. Special requirements are contained in Human Resource
Need 77-120, Target Acquisition and Classification Using Information




Obtained from Unattended Ground Sensors (UGS) and 78-93, Operator
Training and Aids for Interpretation of Acoustic Sensor.
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THE EFFECT OF SIGNAL/NOISE RATIO AND BANDWIDTH ON VEHICLE
IDENTIFICATION, USING THE ACOUSTIC SENSOR

BRIEF

Requirement :

To determine the effect of variations of signal-to-noise (S/N)
ratio on the ability of remotely monitored sensor (REMS), formerly
called unattended ground sensor (UGS), operators to identify vehicles
in convoy.

To determine the effect of an increase in bandwidth on the REMS
operator's ability to identify vehicles.

Procedure:

Three experiments were conducted: S/N Ratio, Individual Target,
and Bandwidth. In the S/N Ratio Experiment, 20 operators received
special training, which covered four levels (+6 decibels (dB), +12 dB,
+18 dB, and +24 dB) of S/N ratio. After training, magnetic tape re-
cordings simulating REMS outputs were used to determine the operators'
ability to identify military vehicles in convoys. Seven vehicle types
were present in the convoys: jeeps, gamma goats, 2-1/2-ton trucks,
5-ton trucks, 10-ton trucks, armored personnel carriers, and tanks.
The test tapes were made from recordings collected in field maneuvers
of armored and motorized infantry units. A 4 x 4 Graeco-Latin Square
design was used to counterbalance the variables of S/N ratios, opera-
tor groups, order of presentation, and convoys.

The Individual Target Experiment presented operators with indi-
vidual targets using only vehicle sounds that had similar signal
strength (¥2 dB difference). The operators interpretad sounds of
each vehicle type at each of the four S/N ratios in a randomized
sequence.

In the Bandwidth Experiment, the operators were given convoy
sound recognition training using both 50-2000 hertz (Hz) and 50-4500
Hz bandwidths. They were then tested on their ability to identify
military vehicles in convoys at both bandwidths using a 2 x 2 x 4
modified Latin Square design. The variables of this design are band-
width, order of presentation, and operator groups.

vii

el )l 8 A



Findings:

Operator identification completeness tends to decline as the S/N
ratio decreases approximately 1% per 1.5 dB of S/N ratio.

Operator identification completeness of light- and medium-wheeled
vehicles tends to increase as the S/N ratio decreases. This unusual
relationship results from a tendency to report (i.e., to guess) these
vehicle types more frequently as noise increases. However, accuracy
in reporting light- and medium-wheeled vehicles tends to decrease as
noise increases.

Operator identification completeness of 5-ton trucks, 10-ton
trucks, and tracked vehicles declines as the S/N ratio decreases.

The 50-4500 Hz bandwidth provides no advantage to identification
over the currently used 50-2000 Hz bandwidth.

Utilization of Findings:

Field commanders, training personnel, and operators should be j
made aware of the tendency of operators under high noise conditions
(such as many relays) to identify any vehicle sounds as light- and
medium-wheeled vehicles. Specific training to counteract this effect
should be given both in the school and on the job.

From the standpoint of signal interpretability, there is no re-
quirement for new acoustic sensors to use a greater bandwidth than
the current one of 50-2000 Hz.

For purposes of developing doctrine for the employment of relays
and designing new acoustic sensors, this rule of thumb can be used:
A 1% decrease in operator performance will occur for every 1.5 dB
loss in S/N ratio.

Use of automatic gains control should be limited to allow signal
loudness variations between vehicle types.

viii




THE EFFECT OF SIGNAL/NOISE RATIO AND BANDWIDTH ON VEHICLE
IDENTIFICATION, USING THE ACOUSTIC SENSOR
) CONTENTS

Page
ENPREBUCTPEGN e sl e he e e e e e e e el e e 1
Hackc Ean R I Ao < s R I G Rl s o e s e s . 3
O T e S R e R e o e e I R e o 2
METHOD OF INVESTIGATION o o o ¢ o s o & @ s o s @ & o 2 o o & 3
Population and. Sample i o v d s s e sl el s e el el el e e e e e 3
DBIREREENAbEL e e e e el o G n b G O e O o s 3
Independent Variables . . . ¢ ¢ ¢« ¢ ¢ ¢ ¢ o o o o 4 e o . . . 3
Dependent Variables < @ ¢ & o o o o o o © o o o 5 0w e e owow e 4
Experimental DeSigns . . . . . o« ¢ ¢ &« o« o o o o o o s o o o 5
D el T T T g e e g s S L e F il 1 ok otk i ot e o el e e el 8
Scenario ConSEXUcEIon o d o ldic e ¢ Ve w5 e e s ow e s e s e 9
Test ProcedUEel o oo VG i i s e e S e el & oe e % Wl W o e 12
Criteria for SCOXING e hile o 2 o fo s oile e e e de e s e e 12
RESULTS BND DISCUSSION ¢ « ¢ o o o o o s o s o a s s o o o s » o 16
Signal/Noise Ratio Experiment . . . . « .« ¢« « « ¢ ¢ o« o o « & 16
Seven-~Target Category .« « « ¢ o o s o o o o o o & & & & 16
Five=Target CAtegoXry : « o « s s o o & & o & & s & & o s @ 19
Two-Target CALEGOLY « o ¢ 5 s o o s & o o & o & o o o o 21
One-Target CategoryY .« ¢ o o « s o o o o o & s o © & s o & 23
Comparison with Previous Research . . . . . . « . . ¢« « ¢« « & 23
Individual Target Experiment . . . . « ¢ o« o o o o & o o o 26
Seven~Target Category . « « ¢ ¢ o o o o o o o o o o o o & 26
Analysis of Individual Targets . . . « ¢ ¢ ¢ ¢ ¢ o ¢ o o o & 28
: : Two-Target Category . « ¢ ¢ o ¢ o o o o o ¢ o o o o o o & 33
{ One-Target CategoXy .« « « ¢ o ¢ o o o o o & o o o o o o =« 35
' Implications for Automatic Gain Control . . . . . . « « « .« . 35
Bandwidth Experiment . ¢ . ¢ ¢ « o o ¢ o o ¢ o o o o o s o 36
Six=Target Category & « « &« « & & w s & & @ % & @ & % & 36
Five=Target Category s « o o & & s & & « &« & & & & % » © 36
Two-Target Category . « « ¢ ¢ ¢ o o o« o o o o o o o o o &« 36
One-Target Category . ¢ o« o o« o o o o o o o o o o o o o & 37

SUMMARY OF RESULTS AND IMPLICATIONS . . ¢ « ¢ ¢ ¢ ¢ o s o o o & 37

APPENDIX A. TECHNICAL DISCUSSION OF SIGNAL/NOISE RATIO
AND TAPING PROCEDURE . « ¢« ¢ ¢ o & o o o o o o o & 39




CONTENTS (Continued)

APPENDIX B. FACILITATOR GUIDE . « ¢ « & « o ¢ o o o o o o o« =

C. BANDWIDTH EXPERIMENT . . o ¢ o o o o s o s o o &

DESTRIBUTION o o & o & @ & s o o & o 2 /e & @ = ' 2 & o & & @ »

Table 1.

10.

11.

12.

13.

14.

15.

LIST OF TABLES

Four levels (categories) of identification
compilletenessig o Ll e et te e e e e e e .

Experimental design--Signal/Noise Ratio Experiment .
Experimental design--Individual Target Experiment .
Experimental design--Bandwidth Experiment . . . . .
Composition of training convoys . .« « « « « « « & &

Composition of convoys--Signal/Noise Ratio
EXDEEEMETTE e e e BT S SR = e el foiiee s

Composition of convoys--Bandwidth Experiment . . . .
Schedule of administration . . . . . . . . . . . . .

Signal/Noise Ratio Experiment--seven-target category
analysis of variance summary table . . . . . . . . .

Signal/Noise Ratio Experiment--seven-target category
mean identification completeness . . . . . . . . . .

Signal/Noise Ratio Experiment--five-target category
analysis of variance summary table . . . . . . . . .

Signal/Noise Ratio Experiment--five-target category
mean identification completeness . . . . . . .« . . .

Signal/Noise Ratio Experiment--two-target category
analysis of variance summary table . . . . . . . . .

Signal/Noise Ratio Experiment--two-target category
mean identification completeness . . . . . . . . . .

Signal/Noise Ratio Experiment--one-target category
analysis of variance summary table . . . . . . . . .

Page
41
67

69

10

11
13

14

17

18

19

20

21

22

23



CONTENTS (Continued)

Page
Table 16. Signal/Noise Ratio Experiment-~one-target category '
mean identification completeness . . .« .« « « « . . . 24
17. Individual Target Experiment--seven-target category
analysis of vVariance o . o s s s s s e & s e s s s 26 !
18. Individual Target Experiment--seven-target category ﬁ
mean identification completeness and multiple ﬁ
COMPAEiSORS e e o al OGN o o o e e . 27
19. Signal/Noise Ratio Experiment--mean identification
completeness by S/N ratio for each of the
seven-target categories . . . . . . . ¢ o o 0 e e . . 28
20. Error matrix for Individual Target Experiment . . . . 30
i
21. Percentage of misidentifications by target type
ands S /NI At O R e RS e e e e =10
J 22. Individual Target Experiment--mean identification
: accuracy by target type and S/N ratio . . . . . . . . 32
23. Signal/Noise Ratio Experiment--mean identification
4 completeness by S/N ratio for each of the !
five~target categories . . . . ¢ ¢ ¢ ¢ ¢ o o o o o o 33
24. Individual Target Experiment--mean identification
completeness by S/N ratio for each of the
two-target categories . . . .. ¢ ¢ ¢ ¢ 4 ¢ ¢ e e e e 34
25. Signal/Noise Ratio Experiment--mean identification
completeness by S/N ratio for each of the
two-target categories . . . ¢ ¢« ¢ ¢ e 4 e e e e e o4 o 34
26.. Identification completeness for high and low
signal strength vehicle targets . . . . . . « « « . . 35

C-1l. Six-target category analysis of variance summary
Calblle ¥ v o 5 we aiee % e e e wm s e w & 67

C-2. Five-target category analysis of variance summary
CADLE ¢ o v v v e e e e e S m e W e e & e 67 9

‘
L
E
i
|
E
F
i
;
i
.
i

C-3. Two-target category analysis of variance summary
LABLE & « & v o 0 % 3 % @ v e b omow w e e e Nk e W W 68

x1i




The operators' task is difficult but not impossible, as evidenced
by the results of previous research that used an S/N ratio of about
+36 dB.2 Following training, operators in previous research detected
92% of the convoy vehicles and correctly placed 76% of these into the
appropriate categories of wheeled and tracked vehicles. Those results
are based upon use of a continuous transmission concept, i.e., an
acoustic sensor having the capability to transmit continuously from
the beginning to the end of a convoy. Using the intermittent trans-
mission concept, an identifications performance of 81% correct was
achieved.

The continuous transmission concept increases the amount of in-
formation available to the operator over the current acoustic sensor
concept as represented by the operational Audio Add-on Unit (AAU).
The AAU, slaved to the Miniaturized Seismic Intrusion Device (MINISID
III), transmits 15 seconds of audio after three seismic activations
have occurred within a 28-second time period. The drawback with the
AAU is a minimum 20-second inhibit time between 15-second transmis-
sions, resulting in an automatic 50% information loss in the case of
convoys.

The current research used the continuous transmission concept
because devices of this kind might be affected more by S/N ratio, and
with regard to engineering, might be easier to produce and use in the
field than intermittent REMS. In addition, the results of such re-
search can be applied to the AAU type of sensor by assuming that they
apply only to the time when the AAU would actually be transmitting.

The bandwidth of the audio signal is another variable that might
affect operator performance and should be considered in the design of
future systems. The current approach for new acoustic senscrs is to
use the same frequency range as the AAU (50-2000 Hz). An exploratory
experiment of bandwidth (Martinek, Pilette & Biggs, 1978) suggested
that the 50-1500-Hz range is inferior to the current 50-2000~Hz range,
but the experiment was inconclusive in comparing the 50-2000-Hz range
and the 50-4000-Hz range.

Objectives

The objectives of the research reported here were

1. To measure the performance of trained REMS operators using
signals from the acoustic sensor at different S/N ratios to
identify individual vehicles in a convoy.

2Martinek, H., Pilette, S., & Biggs, B. Vehicle Identification Using
the Acoustic Sensor: Training, Sensing Concepts, and Bandwidth. ARI
Technical Paper 334, September 1978.
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2. To determine if increased bandwidth (50-4500 Hz) results in
increased information output from the operator.

METHOD OF INVESTIGATION

Population and Sample

The population of concern is the Army enlisted operator (MOS 17M20),
school-trained at the U.S. Army Intelligence Center and School (USAICS).
Twenty of these operators, from the Remote Sensor Platoon of the 10lst
Airborne Division, Fort Campbell, Ky., participated in the experiment.

AEEaratus

Two Uher3 tape recorders (4400), a feeder box, 11 headsets, and
necessary electronic connections were used. The feeder box enabled
up to 11 people (10 operators and 1 facilitator) to listen to the train-
ing and the test scenarios at the same intensity level.

Independent Variables

The independent variables will be discussed separately for each
of the three experiments reported in this paper: S/N Ratio Experiment,
Individual Target Experiment, and Bandwidth Experiment.

1. S/N Ratio Experiment

a. S/N Ratio--Four S/N ratio levels were used to represent
the expected range of S/N ratios in future systems:
+6 dB, +12 dB, +18 dB, and +24 dB. The S/N ratio levels
were achieved by adding white noise to the taped convoy
signals. (See Appendix A for details of the procedure.)

b. Scenario--Four scenarios, each composed of tape record-
ings of the sounds of vehicles in convoy, were used. Each
scenario was composed of six convoys matched on convoy
type (wheeled, tracked, or mixed) and total number of ve-
hicles. Each scenario was presented with each S/N ratio.

c. Groups--Five operators were assigned to each of four
groups.

3'rhe commercial designation is used for purposes of specific identifi-
cation of the equipment and does not constitute endorsement by the
Army Research Institute or by the Army.




d. Periods--There were four time periods in which each group
was presented a different scenario and S/N ratio combination.

e. Target Type--Although not statistically analyzed as an in-
dependent variable, the data were examined in terms of the
various target types used. The seven target types were

jeep (JP),

gamma goat (GG),

2-1/2-ton truck (2-1/2T),

5-ton truck (5T),

10-ton truck (10T),

. armored personnel carrier (APC), and
. tank (TNK).

NOoO bW N

These target types typically vary in signal strength and
represent the types of vehicles of interest to the
commanders.

2. Individual Target Experiment

a. S/N Ratio--The same four S/N ratios were used as in the
S/N Ratio Experiment--+6 dB, +12 dB, +18 dB, and +24 dB.

b. Target Type--Seven target types were analyzed--(1) JP,
(2) GG, (3) 2-1/2T, (4) 5T, (5) 10T, (6) APC, and
(7) TNK. These targets were presented singly and at
about the same signal strength (within %2 dB).

3. Bandwidth Experiment

a. Bandwidth--Two bandwidths were used--50-2000 Hz and
50-4500 Hz.

b. Groups--Ten operators were assigned to each of two groups.
c. Periods--There were four consecutive time periods in

which convoy sounds were presented to assess time ef-
fects (particularly practice).

Dependent Variables

One dependent variable measured was the percent of vehicles pre-
sented that were identified correctly, hereinafter called identifica-
tion completeness. Identification completeness was obtained for each
of four levels of target detail. One level, the seven vehicle cate-
gories mentioned under Target Type (le) above, is called the seven-
target category. The operators' reports were also scored using three
other related sets of categories, shown in Table 1. Under this con-
cept, detection completeness is considered the lowest level of target




detail required of the operator (note in Table 1, l-target--vehicle
detections).

Table 1

Four Levels (Categories) of Identification Completeness

Categories Target types

7-target JP GG 2-1/2T 5T 10T APC TNK

S5-target Light- Medium- Heavy- APC TNK
wheeled wheeled wheeled

2-target Wheeled Tracked

l-target Vehicle detections

Another independent variable measured was target accuracy. The
percentage of identification accuracy was obtained by dividing the num-
ber of correctly identified vehicles (rights) by the total number of
vehicles reported (rights and wrongs).

Experimental Designs

1. S/N Ratio Experiment--The experimental design is four-factor,
Graeco-Latin Square design (see Table 2). The four independent vari-
ables and their levels as discussed earlier are:

a. S/N Ratio--+6 dB, +12 dB, +18 dB, and +24 dB,
b. Scenarios--A, B, C, and D,
c. Periods--1, 2, 3, and 4,
d. Groups--1, 2, 3, and 4.
Each group of operators is tested on each scenario, and each S/N

ratio across periods, so that the same S/N ratio is never paired with
the same scenario more than once (see Table 2).
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Table 2

Experimental Design--Signal/Noise Ratio Experiment

Group Period 1 Period 2 Period 3 Period 4
Group 1 Scenario A Scenario B Scenario C Scenario D
(Op 1-5) +6 dB +18 4B +24 dB +12 dB
Group 2 Scenario B Scenario A Scenario D Scenario C
(Op 6-10) +12 dB +24 4B +18 dB +6 dB
Group 3 Scenario C Scenario D Scenario A Scenario B
(Op 11-15) +18 dB +6 dB +12 dB +24 dB
Group 4 Scenario D Scenario C Scenario B Scenario A
(Op 16-20) +24 dB +12 4B +6 4B +18 4B

The Graeco-Latin Square design assumes that there are no interac-
tions between the independent variables. The assumption is valid if
there is not a significant residual effect. 1If the residual effect
is significant, then a significant difference found for an independent
variable might be due to the interaction of two or more of the other

variables.

2. Individual Target Experiment--The experimental design for
this experiment is a two-factor, repeated-measures design (see Table 3).
Each operator saw each target type at each of four S/N ratio levels
and in the same order. The order of presentation (not shown in the
table) of the four levels of S/N ratio and four different sound samples
of each target type was randomized.

3. Bandwidth Experiment--The experimental design for the Band-
width Experiment is a three-factor Latin Square design (see Table 4).
Group 1 received, during Periods 1 and 2, Battalions (BN) 1 and 2 at
the 50-4500-Hz level. They received BNs 2' and 1' at the 50-2000-Hz
level during Periods 3 and 4. Group 2 received the reversal of this
treatment. The independent variables are bandwidth, period, and
groups. To permit a more effective assessment of practice, one factor
(period) of the 2 x 2 Latin Square was expanded from two periods into

four periods.
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Table 4

Experimental Design--Bandwidth Experiment

Group Period 1 Period 2 Period 3 Period 4
Group 1 50-4500 Hz 50-4500 Hz 50-2000 Hz 50-2000 Hz
(Op 1-10) BN12 BN2 BN2' BN1'
Group 2 50-2000 Hz 50-2000 Hz 50-4500 Hz 50-4500 Hz
(Op 11-20) BN2' BN1' BN1 BN2

3BN = battalion.

Training

1. S/N Ratio Experiment--A training approach using short instruc-
tional units was developed to familiarize the operators with the various
vehicle sounds under the conditions of the four S/N ratios. The train-
ing was composed of the following parts:

a. Section A--Convoy Sound Recognition Training
(1) Part l--Vehicle-Pairs Comparison

(2) Part 2--Continuous Sourid With Closest-Point-of-
Approach (CPA) Feedback

b. Section B~-Background Noise Training
(1) Part l--Low Background Noise (+24-dB S/N ratio)

(2) Part 2--Medium/Low Background Noise (+18-dB S/N
ratio)

(3) Part 3--Medium/High Background Noise (+12-dB S/N
ratio)

(4) Part 4--High Background Noise (+6-dB S/N ratio)

(5) Part 5~--Continuous Sound Practice
Convoys 1, 2, 3, and 4




The complete training script is presented in Appendix B, Facili-
tator Guide. The essential parts of the script together with the con-
voy sounds were recorded on tape for controlled presentation to the
operators.

Basically, the training consisted of single-sound presentations
followed by practice and feedback with convoys. The vehicle-pairs
comparison portion of the training (Section A, Part 1) presented two
sounds of the same target type to the operator, followed by two sounds
of another target type. This permitted the operator to make gquick com-
parisons of the various sound characteristics of the same and differ-
ent target types. The remaining instruction units (parts) presented
four sound samples of each vehicle type, followed by immediate prac-
tice using two convoy exercises. The operators were required to mark
their vehicle identifications on a specially prepared target log, il-
lustrated in Appendix B, and were then given the answers so they could
determine how well they were doing and where they were making errors.

After this feedback, the operators were given the same convoys to
reanalyze, but with an added dimension. 1In Part 2 of the Convoy Sound
Recognition Training, a short tone signaled when each vehicle was at
the closest point of approach (CPA). This training technique enabled
the operators to compare their perception of when each vehicle was at
the CPA with the actual CPA. Additionally, it identified any vehicles
that had been missed. During the presentation of the Background Noise
Training (Section B), instead of a tone at CPA, feedback was provided
by naming the vehicle.

A total of seven convoys at the 50-2000-Hz bandwidth was used
for training for the S/N Ratio Experiment. Table 5 shows the vehicle
composition of the training convoys. Included are wheeled, tracked,
and mixed convoys.

2. Bandwidth Experiment--The training for the Bandwidth Experi-
ment was the same as the Convoy Sound Recognition Training of the S/N
Ratio Experiment except that training was presented using a 50-4500-
Hz bandwidth.

3. Individual Target Experiment--The training given for both
the S/N Ratio Experiment and Bandwidth Experiment served as the train-
ing for the Individual Target Experiment.

Scenario Construction

The test and training scenarios were constructed from convoys
recorded during an Army field exercise at Fort Hood, Tex. This exer-
cise involved wheeled and armored vehicles traveling singly and in
convoys at speeds between 5 and 40 miles per hour (m/h). Since the
convoy sounds were recorded on audiotape, test scenarios could be
constructed by judicious editing to fit the experimental designs and
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still simulate operational conditions. Scenarios developed for a pre-~
vious experiment (Martinek, Pilette, & Biggs, 1978) served as the pri-~
mary data base for the current research. Additional material was
obtained from the original field tapes to augment these scenarios.

Table 5

Composition of Training Convoys

Convoy # Vehicle types
and type Jp GG 2-1/2T 5T 10T APC TNK Total

1. Mixed (M) 2 1 0 0 0 2 3 8
2. Wheeled (W) 1 3 4 0 0 0 0 8
3. W 5 0 1 1 0 0 0 7
4. Tracked (T) 0 0 0 0 0 10 0 10
5. M 2 0 0 1 1 1 4 9
6. T 0 0 0 0 0 10 0 10
7. W 3 0 3 0 2 0 0 8

Total: 13 4 8 2 3 23 7 60

In all, 31 convoys and approximately 30 single-vehicle signals
were selected for use in the three experiments. Of these 31 convoys,
20 were from the previous experiment (taped at 50-2000 Hz), and 11
were constructed from the field tapes using a longer bandwidth
(50-4500 Hz).

The final choice of convoys for the S/N Ratio Experiment was
based on selecting an equal number of tracked, wheeled, and mixed
convoys for each of the four scenarios. Table 6 presents the vehicle
composition of each convoy within the four scenarios, together with
the signal dB range (high and low). Twenty-four different convoys
were required for this design--six convoys (50 vehicles) per scenario.
Note that in some convoys the dB range is small, whereas in others it
is large. 1In general, a large dB range is due to the lower signal
strength of light-wheeled vehicles in relation to heavy-wheeled or
tracked vehicles.

Each of the scenarios was taped at the four S/N ratios at
50-2000 Hz. A technical discussion of S/N ratio and the procedures
and equipment used to tape each S/N ratio is presented in Appendix A.
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Table 6

Composition of Convoys--Signal/Noise Ratio Experiment

Signal dB range (0 scale)

Convoy
totals

Vehicle types

Convoy # and

High

Low

JP GG 2-1/2T 5T 10T APC TNK

type

Scenario

0
3

1. Tracked (T)

2.

-10

Wheeled (W)

11

. Mixed (M)

3
4
5.
6

50

10

17

12

TEH2HE=

D T I
~ANMmT N O

11

50

19

-5
6
0
9
0
0

10
11

HEZT2THE

D Y
S NN O

50

12

11

11

Total

TEBHTER

D
S AaNMme N O

50

13

11

Total

200

29 14 19 23 14 58 43

Grand Total




Table 7 gives vehicle composition of each convoy for each band-
width used in the Bandwidth Experiment. The same 10 convoys were used
for both the 50-2000-Hz and 50-4500-Hz bandwidth conditions, but in
different sequences, so as to appear different to the operators. The
50-4500-Hz condition was prepared first and then retaped using a low
band-pass filter to achieve the 50-2000-Hz condition. Each grouping
of 5 convoys was standardized to include 41 vehicles.

Twenty-eight vehicles traveling alone were selected from the field
tapes for the Individual Target Experiment, to provide four different
samples of each target type (JP, GG, 2-1/2T, 5T, 10T, APC, and TNK)
at similar signal strengths. The 28 vehicle sounds were presented
to the operators randomly for each of the four S/N ratios, making a
total of 112 vehicle sounds. Each vehicle sound was presented for
approximately 6 seconds, followed by a 10-second pause.

Test Procedure

Each operator participated for 3 days, as Table 8 shows. During
orientation, the background and purpose of the research were presented
and the operators' tasks outlined. The purpose of the test procedure
training was to teach the operators the procedures required for data
collection. The major task required of the operations was to monitor
convoy sounds and to report vehicle identifications in sequence by
marking the appropriate spaces on a target log. After the test pro-
cedure training, the operators were given the S/N Ratio Experiment
training. The purpose of this training was to insure that the opera-
tors were at least minimally trained and experienced in the wide range
of S/N ratios employed in the research.

Day 2 consisted of the S/N ratio test, preceded by a review
briefing and a continuation of S/N training. The review briefing was
given to minimize any "warm-up" effects.

During Day 3 each group received, in order, the Bandwidth Experi-

ment training, the Bandwidth Experiment test, the Individual Target
Experiment briefing, and the Individual Target Experiment test.

Criteria for Scoring

With only 6 seconds to recognize and report the exact identifi-
cation of a vehicle (e.g., trn~k, not just vehicle), the operator
sometimes reported fewer vehicles than were present. If a rigid
scoring key was used, all vehicle reports made after a vehicle had
been missed would be out of sequence and scored as errors. If the
first vehicle was missed, all reports of the remaining vehicles in the
convoy would probably be scored as errors. Thus, in the cases of an
omitted target in a convoy, a flexible scoring strategy was used to
allow maximum credit for vehicles reported out of sequence.

12
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Table 8

Schedule of Administration

Day 1 A.M. (8:00-11:30) Operators 1-10

Orientation (10 minutes)
Test Procedure Training (50 minutes)

S/N Ratio Experiment Training (2 hours 30 minutes)
Section A--Continuous Sound--No Noise (60 minutes)
Part l--Vehicle~Pairs (25 minutes)
Break (10 minutes)
Part 2--CPA Feedback (25 minutes)
Section B--Background Noise (90 minutes)
Part l--Low Noise (30 minutes)
Break (10 minutes)
Part 2--Medium-Low Noise (25 minutes)
Part 3--Medium-High Noise (25 minutes)

P.M. (1:00-4:30) Operators 11-20

(Same as above)

Jay 2 A.M. (8:00-10:00) Group l--Operators 1-5

Review Briefing (15 minutes)
Section B--Continued
Part 4--High Noise (30 minutes)
Part 5--Practice Convoys 1, 2, 3, 4 (30 minutes)

S/N Ratio Experiment Test (35 minutes)

A.M. (10:00-12:00) Group 2--Operators 6-10

(Same as above)

P.M. (12:30-2:30) Group 3--Operators 11-15

(Same as above)

P.M. (2:30-4:30) Group 4--Operators 16-20

(Same as above)
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Table 8 (Continued)

Day 3

A.M. (8:00-10:00) Group l--Operators 1l-5

Bandwidth Experiment Training (30 minutes)
Bandwidth Experiment Test (30 minutes)

Break (15 minutes)

Individual Target Experiment Briefing (10 minutes)
Individual Target Experiment Test (35 minutes)

A.M. (10:00-12:00) Group 2--Operators 6-10

(Same as above)

P.M. (12:30-2:30) Group 3--Operators 11-15

(Same as above)

P.M. (2:30-4:30) Group 4--Operators 16-20

(Same as above)




Depending on field requirements, the combat commander might re-
quest information at different levels of detail. Generally, the more
detailed the reported information, the greater the error rate. A com-
bat commander may prefer very accurate gross information, or relatively
inaccurate detailed information. For this reason, operator reports
were scored using four different categories of target identification,
each successively more detailed (see Table 1).

For the seven-target category, credit was given only for exact
identification for each vehicle type.

For the five-target category, if an operator reported either of
the vehicles under the light-wheeled category (see Table 1), it was
scored as a correct identification. A similar procedure was applied
for the heavy-wheeled category. For the medium-wheeled, APC, and tank
targets, credit was given only to exact reports of 2-1/2T, APC, and
TNK.

For the two-target category, if the operator reported any type of
wheeled vehicle, and it was a wheeled vehicle, it was scored as cor-
rect. A similar procedure was applied for tracked vehicles.

For the one-target category, if the operator reported a vehicle
when a vehicle was present, regardless of type, it was scored as a
detection. A flexible scoring strategy was maintained throughout all
four categories.

In the Individual Target Experiment, the seven, two, and one clas-
sification levels were scored the same except that the flexible scoring
strategy was not needed since any omitted target was readily apparent.

RESULTS AND DISCUSSION

The results are presented in terms of the four categories of tar-
get classification (seven-, five-, two-, and one-target categories) de-
fined earlier in the Variables section of this report. The number of
correct identifications for the various treatment conditions was used
to conduct the statistical analysis. However, for purposes of discus-
sion, identification completeness scores expressed as percentages are
used to enable the reader to relate the results more readily to field
applications. The results are discussed in the following order: S/N
Ratio Experiment, Individual Target Experiment, Implications for Auto-
matic Gain Control, and Bandwidth Experiment.

Signal/Noise Ratio Experiment

Seven-Target Category. Table 9 presents the analysis of variance,
Table 10, the mean identification completeness. Significant effects
are groups, period, S/N ratio, and scenario. The residual effect is
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nonsignificant