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designed to determine the merits of canines as mine/booby-trap/explosives detection systems.
The report begins with a discussion of the factors which led to selection of the dog as the
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operant conditioning regimens used to train the animals; the anticipated tactical operational
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environments and the choice of test site analogs to these areas; the nature of the test lanes and
of the test protocol. Results are presented in several formats so that every significant finding
will be evident to the reader. The report concludes with the general statement that, based upon
the most objective test and data analysis possible at this time, canines are the most effective
and versatile mine/booby-trap/explosives detection systems available for immediate use in &

cither military or civilian applications.

MGCESSION fa ..
Wiite Sectis

w3
bo8 wti Sectis ~
YEAKROUKGED D 1’!)“. C
A1 W A— R 209
it
7" ' JAN 19 1978
8y veamensass MK

NSTNB“N%/“AIUMLIW

L o SFFGIL

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE{When Data Entered)

ii

;|
A
]
L]

e
T AL TIepeeg

W, e A L ik

et T

-k’

S
o

Mk, Sl < ;o S,




PREFACE

This report presents a condensation of several thousand data points taken under a
variety of conditions by an assortment of recording personnel. The data reduction and
data ordering resulted from the efforts of Mrs. B. J. Conley of the MERADCOM
Systems Office. Publication of this report was expedited as a result of Mrs. Conley’s
skills as a mathematician and statistician. Mr. L. Mittelinan of the Mine Detection
Division assisted in envisioning effective methods for data presentation.

P .

-

A,

T

b AL

ASAN

8y

F s .

g;; 111 A
5 K

-y

C e P o

e v - BRI LR
3PP Sepagen ,‘s' ) . i L
Mm W= N g P R L ks

~
¥ M
] .

B U 8 Kt W Tt AL Tk s A . M s s T, i ol % i

g R
S UIRY n«:"“‘;“‘u‘{x T A



Section

11

1

%

CONTENTS
Title
PREFACE
ILLUSTRATIONS
TABLES
INTRODUCTION
1. Subject

2. Background
INVESTIGATION

3. Sclection of Test Subjects
4. Dectection Modality
5. Conditioning of Subjects
6. Test Sites

a.  Winter Site

b. Summer (Desert) Site
7. Test Lanes

a. Targets

b. Layout
8. Test Protocol
9. Test Results

DISCUSSION

10. Evaluation of Test Results
11. Comparison of Canines with Other Detection Systems

CONCLUSION
12. Conclusion

BIBLIOGRAPHY

APPENDIX - Analysis of Variance (Several Means)

Page

iii

vi

O~ W

13

25
26
27
29
31
37

068

71
75
77

S M

s L

SRS

kT, ke

T Al




pbalatvealdey PR S il -“— it v
. 3
. 4
j
o ILLUSTRATIONS
Figure Title Page ;ﬁ
f 1 Fort McCoy Test Area, February 1975 15
" 2 Fort McCoy Test Arca, May 1975 17
3 Detection Test Run, Winter Test, Fort McCoy, WI,
February 1975 19
, 4 Yuina Test Arca, October 1975 21 ‘
Detection Alert, Yuma Proving Ground, October 1975 23
6 Sample Data Sheet 33-34
7 Density of Dog Alerts As a Function of *Sit” Distance :
from Center of Mines 40 f
8 Detection Performance of Dogs 41
9 Detection Performance by Time of Day 43 ;
10 Detection Performance of Dog Groups 44 ;
11 Mines Detected by Type of Mine 45
12 Detection Performance, Grouped by Handlers 46
13 Dog Alerts on Mines and Distractants 47
14 Distribution of All Dog Alerts 48
15 Dog Alerts on Practice Mines, Distractants, or Unidentified
Targets 49
16 Area Search Rate of Dogs 50
17 Location of Alerts About Mines 51
18 Location of Alerts About Mines 52
19 Location of Alerts About Mines 53
20 Location of Alerts About Mines 54
21 Composite of All Alerts About Mines 55 '.j
22 AN/PSS-11 Detections at Fort McCoy 69 3
23 Mines Detected, By Type of Mine 70 ‘
ta
& v
et 4 e L ‘ *fniﬂr R




TABLES

Table Title Page
1 Animals Used in Mine/Explosives Detection Studices 5
2 Conditioning Protocol for Mine Detecting Dogs 12
3 Target Items 28
4 Frequency of Occurrence of Targets at Test Sites 29
5 Location of Targets in Lane 1 at Yuma Proving Ground 30 '
6 Daily Lane Assignments for Dog/Handler Teamss,
Fort McCoy, Winter 1975 36
7 Daily Lane Assignments for Dog/Handler Teams,
1 Fort McCoy. Spring 1975 37
8 Daily Lane Assignments for Dog/Handler Teams,
YPG, October 1975 38
9 Daily Lane Assignments for Dog/Handler Teams, !
; YPG, June 1976 39 i
10 Climatic Conditions During Test (Average Values), 3
. Fort McCoy, February-March 1975 56 :
3 11 Climatic Conditions During Test (Average Values), 1
: Fort McCoy, May-June 1975 57 :
12 Climatic Conditions During Test (Average Values), E
F YPG, October 1975 58 ‘i
- 13 Climatic Conditions During Test (Average Values), *i
YPG, June 1976 59 ]
14 Detection Performance of Dog/Handler Teams 65 35
15 Detection Performance of Dogs (Percent of Available Targets) 78 }
v

A Py e

PPN

vi




MINE-DETECTING CANINES

[. INTRODUCTION

1. Subject. Research in mine detection has necessartl, embraced virtually every
discipline of science in the search for cffective detection systems. The most recent
discipline to receive scientific evaluation is the intricate scientific arca grouned under
the general heading of “biological systems.” At MERADCOM, this ficld of investiga-
tion has embraced rescarch in enzymatic chemistry, conditioned behavior, cerebral
¢lectro-stimulus, and olfaction.

This report is concerned with the concept, processes, results, and conclu-
sions of a series of four field tests which were designed to evaluate the dverall coneept
of mine detection via the modality of the in-vivo sensory capabiliiies of domestic
canines.

In order to clucidate the rationale for such research, this report touches
upon the general concepts of biological detection and elaborates upon the specific
conditioning and training techniques which culminated in the ficld tests described
herein.

It is not the intent of this report to describe in detail the complete selection
and training procedures which supplied conditioned canines to the test since these
factors are described fullv and comprehensively in the reports listed in the
bibliography.! 2 * Further, this report does not delve deeply into neurobiology,
neurophysiology, or psychophysiology. Rather the intent of the brief discussions of
these areas is to interest the reader in the overall experimental protocol in the hope
that, thus informed, the reader may wish to follow the data in its various presentations
in the latter parts of the text.

The authors contend that the results of the four field tests adequately
demonstrate that canines are capable of highly satisfactory performance as mine detece-
tion systems under a variety of operational situations. While we admit to the
(untested) possibility that even highly trained canines subjected to a battlefield

! Mitchell, D. S., “Seleciion of Dogs for Land Mine and Booby Trap Detection Training,” Final Technical Report
Vol I, Contract DAAK(02-73-C0150, September 1976.

2 Mitchell, D. 8., “Training and Employment of Land Mine and Booby Trap Detector Dogs,” Final Technical
Report Vol 1l, Contract DAAKQ2-73-C-0150, September 1976.

3 Mitchell, D, 8., “Users Guide: Land Mine and Booby Trap Detector Dogs,” Final Technical Report Vol 111,
Contract DAAK02-73-C'-0150, September 1976.
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environment could present problems in behavior which could limit their effectiveness,
we submit that there is currently no known sensor or system of sensors which can
approach the overall detection capabilities of properly trained dogs.

2. Background. As noted previously, the contiruing efforts in mine detection
research at MERADCOM have resulted in intensive investigations covering nearly every
discipline of scivnce, and the search continues for techniques, procedures, and devices
which will satisfy aspects of the changing mission requirements.

In 1973, MERADCOM began a long-term study of possible explosives detec-
tion techniques based upon biological and physiological processes. Several avenues of
research were examined for feasibility and priority of treatment. One of these areas,
the use of live animals as explosives detection systems, was chosen for immediate in-
depth study.

Numerous species and orders of animals were considered, and several types
were selected for preliminary tests at Southwest Research Institute (SRI), San
Antonio. Texas. Section II describes the process by which the canine was ultimately
selected as the optimum candidate for extensive experiments in conditioned behavior
which could lead to its use in mine/booby-trap dctection service.

After nearly two years of preliminary evaluation and testing, the decision
was made to devise and augment an experimental protocol which could allow an objec-
tive evaluution of canine detection performance under conditions which approximated
the most severe environmental conditions which combat soldiers were likely to
encounter. The basic credo of this series of four field tests was that all subjective
factors and anecdotal data were to be disallowed in the final data analysis. Obviously,
such tests must have constraints which permit only objective testing and data recording.
[t is not casy to achieve objectivity. since several aspects of human behavior tend to
contravene this goal. For example, handlers who have trained with a dog or group of
dogs wish to sec their team achicve a high test score. and it is not uncommon for
impartial observers to notice cucing or guiding on the part of handlers who later deny
any conscious attempt to bias the test results.,

In order to preclude such incidents, whether they might be intentional or
generated by subconscious stimuli, the test was first designed to be of a single-blind
format.  Since the scorckeeper could also become emotionally involved, a double-
blind format was used later where neither handler nor scorekeeper knew the location
of any target in advance of a test run.
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Accordingly, the test area layouts were doveloned by use of a pseudo-
random computer program (as detailed later in the text). To maintain the integrity of
the double-blind format, the data sheets were scaled until the test teams were at the
start position where the dog/handler teams were out of voice contact with the data-
taker/scorekeeper.

The tests thus were conducted in a scientific manner, the data were
essentially free from subjective contamination, and the results should represent an
accurate portrayal of the actual performance capabilitics of the 15 test animals.

I INVESTIGATION

3. Selection of Test Subjects. The literature contains anecdotal reports of
astounding feats of sensory or extra-sensory perception by dogs, but there is little
objective data concerning the utility of canines in tactical military operations. It is
well documented that canines have accompanied men into battle for centuries, and
there are a few documented references to situations where these ~uimals have been
calied upon to perform tasks which man alone could not accomplish. It is not
uncommon to encounter reliable reports describing the ability of dogs in tracking
enemy forces or in signaling the presence of intruders. Indeed, similar events are part
of the general knowledge of the U.S. population as a result of direct and indirect
experience with hunting, tracking, and police dogs.

While the foregoing activities are readily accepted as routine cvents by most
persons, the use of canines in military mine and booby-trap detection service is often
greeted with reactions ranging from mild skepticism to open hostility. Accordingly.,
when it was suggested that canines be formally adopted as a countermeasure to mines
and booby traps, there were mixed reactions at all levels of interest. Qbviously, in the
absence of any reliable “hard data,” a scientific test was indicated which could serve
to quality the proponent opinion and to quantify the detection capabilitics.

The first consideration to arise in the construction of a test of this nature is
*has the proper subject been chosen?” To answer this question, one must first con-
sider the fundamental reasons for selection ol any type of animal for detection service:

a. In licu of information to the contrary, it must be assumed that all
explosive devices emit some effluvia which are characteristic of the explosive content
and that these effluvia are odorants to some extent. Thus, an olfactory detector of
sufficient sensitivity and selectivity should be usetul in detecting these devices.

b, Animals, both vertebrate and invertebrate, are thought to possess very
high olfuctory seasitivities. Indeed, the sensitivity of animals APPEARS 1o exceed that
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of man in almost every category of odorant, and certain documented cases indicate
astonishing sensitivity to specific substances.® 5 07

¢.  All animals (from worm to man) can be conditioned to react to stimuli
in a predictable and repeatable manner,

Thus, it would scem that some animal might be valuable as an explosives
detector. It then remains to decide which to emiploy.

In spite of their reputed great sensitivity, invertebrate animals (insects) have
proved unsatisfactory as detectors of a variety of explosive odorants. This is not sur-
prising since it appears that those odorants to which insects are extremely sensitive are
found only in their sex attractants, and the odorant components of these insect
pheromones have no common factors with any known explosives.  Further, the sensi-
tivity of insccts to olfactory stimuli other than pheromones and tfood is not thought to
be extraordinary. In addition, insects are usually short lived, difficult to condition,
possess no discernible intelligence, and are incapable of any communication with
man. In view of these considerations, insects were not considered to be suitable test
subjects.

The host of vetebrate animals available for explosives detection makes the
process of elimination more difficult. The tollowing criteria were used in this selection
process:

a.  The animal must be coiupatible with man (cliciting neither fear nor
repugnance on the part of man or animal).

b.  The subject must have sufficient intelligence to initiate some actions
which will enhance the detection process, and it must be willing to participate in a
man/animal interface.

¢.  The subject should be large enough to travel beside a walking man and
not become u victim of the topogruphy.  Additionally. the animal must be able to
tolerate, without loss of function, the same environment in which man can tfunction
effectively.

4

Schaecider, Do “Fleetrophysologische Untersuchunger von Chemo-und Mechanoreseptoren der Antenne des
Seidenspinners Bomby s Mori L™ Zeitsehrift fur Vergleichende Physiologie, Bd 40, $,8-41, 1957,

Schuocider. Dooet al, “Die Reaktion der Mannlichen Seiderspinner ani® Bombykaol und Scine Isomeren;
Flektroantennogramm und Verhalter,™ Zedtschrift fur Vergicichende Phivsiologie, Bd 54, S.192-209, 1967.

Schneider, D., et al, “Bestimmung der Ricchsehw elle vonr Bomby v Mo mit Titriwim-markiertem Bombykol,”
Naturwissensclaften, Bd S5, 1ett R, 8,395, 1968.

Kaissline, K-17, and I. Poesner, *Die Ricchenschwelle des Scidenspinners.” Netwrwissenschaften, Bd 87, Hett 1,
8.23-28, 1970,
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d. The animal must be available in lare - cantities with all subyects as
nearly identical as possible both physiologically and psy chologically.

In the initial phases of the vertebrate aninad inine detection program, a large
selection of potentially aceertal!e candidates were tested. The animals tested are
shown in Table 1. Cuats woro cvduded fiom the final programs because of their
demonstrated refusal to cooperate consistently in joint ventures with man and because
of their indifterence to rewards in conditioning experiments.  Rats were initially
excluded on the basis of criteria a and ¢ (above), but later experiments give evidence
that they may indeed be usetul.  (This research effort will be the subject of a later
report.)

Table I, Animals Used in Mine/Explosives Detection Studies

Animal Number Used Genus and Species
Budger ] Taxidea taxus
Coatimundi 2 Nusuu nasua
Coyote 4 Canis latruans
Coyote/beagle cross 2 Canis latrans X Canis familiaris
Deer (white tail) 2 Odocoileus virginianus
Domestic Dog 83 Canis fumiliaris
Ferret 4 Mustela putorius
Fox (Red) 4 Vulpes vulpes
Hog (Red Duroc) 4 Sus scrofa dowestica
Javelina 3 Tajact pecari
Miniature Pig 4 -

Opossum 3 Didelphis virginiana
Ruccoon 4 Procyon lotor

Skunk (spotted) 1 Spilogale putorius
Skunk (striped) 2 Mephitis mephitis
Skunk (hog nosed) 1 Conepatus mesoleucus
Timber Wolf 4 Canis lupis

Without exception, the so-called “wild” animals (wolf, coyote, fox. ete.)
never fully accepted man as a companion but appeared to view him as o menace to be
avoided. These animals may form attachments to one individual, but they invariably
fear humans in general, Thus a majority of the vertebrate animals were excluded on
the basis of criteria a and b.

The Duroc pig (considered to be a domestic animal) was tested for a brief
period in experiments immediately prior to the instant test series. This animal exhib-
ited a remarkable ability to detect all forms of buried explosives and a4 surprising
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willingness to work with man, Were it pot for the great size of this particular breed
(400 Ib (182 kg) or more) and its unfortunate social habits, it might have been the
ideal choiee for detection service. A strain of gepetic miniature pigs appeared to mani-
fest the same sensitivity as their lorge counterparts, but the social stigma wete, again,
too overwhelming to permit serious consideration of pigs tor employment as explo-
sives detectors. Pigs displayed a further undesirable characteristic in their irrepressible
dusire to root in the soil.® Should this behavior occur during a mine search, the results
wolld probably be disasterous for both pig and handler at the moment of detection
(assuming no form of animal remote control was used to protect the handler).

Other animals ecither offered too ludicrous an image (e.g.. bovines) or were
too stupid (sheep, goats) to wuarrant serious consideration.  Thus, the canine was
ultimately selected as the optimal test subject,

It remuined at this point only to select the breed of dog most appropriate to
the needs of the mine detection program.  This choice was simplified by an Army
genetic-eontrol breeding program at the Biosensor Research Laboratory at Aberdeen
Proving Ground, Maryland. [n this unique effort, the Surgeon General had authorized
extensive breeding of selected German Shepherd dogs in an attemp! to:

4. Minimize or climinate the affliction known as hip dysplasia which
disables a majority of German Shepherds after age 5 to 7 years.

b,  Minimize the aggressive tendencies which cause the normeal German
Shepherd to be somewhat hostile and, hence, dangerous in casual encounters with
huamans not well known to the animal,

¢,  Retain sufficient self-confidence to interface with humans. This was
an important consideration since, quite often, attempts to breed out aggressiveness
have resulted in dogs which appoar to fear strangers - an intolerable behavior in the
Military dog.

The success of the Surgeon General’s program was sufficiently impressive to
vause MERADCOM to choose this breed as the prime candidate for ficld test service.
Since it scemed appropriate to try a token quantity of other breeds, we considered the
applicable factors of size, weight, emotional stability, and aptitude to a search protocol
(hunting ability), and ultimately the choice of a second breed for the tests was the
Labrador Retriever.  In view of these choices, sevetal of the so-called “Surgeon
General’s Dogs™ were obtained and dispatched to the MERADCOM contractor (SRI)

For centurles, French Turmers have used plgs to locate trutfles in their subterrancan sites by allowing the pigs
to 1ot Treely in the soll,
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for preliminary screening: at the same time, the contractor obtained several Labrador
Retrievers for screening tests.®

‘;‘ It is pertinent to note that the 15 animals ultimately chosen survived the
rignrs of the field tests with no discernible illness, loss of conditioning, or other nega-
tive effects. The data show that detection performance appeared to be increasingly
better at cach test, and we conclude from this that the established selection criteria are
adequate for the purpose.

LB

h
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v 4. Detection Modality. The use of animals as cxplosive detectors leads many N
observers initially to assume that olfaction is the single sensory moeuality involved in %
‘ the detection process. Based upon lengthy end numerous observations during both i
g training and ficld tests, and ofter due consideration, we submit that there is no reason E..
to believe that this simplistic premise is entirely correct. Since the test protocol sought ;

only to validate the coneept of canine mine detection systems and to quantify efficacy }

of detection, the experiment was not designed to define exactly those sensory systems
used to detect mines and booby traps. Hence, only the most cursory attempts were
made to examine the modalities involved. Much more sophisticated experiments will
! be necessary if these details are to be resolved, but for the present, the reader is
; cautioned to avoid the assumption that the dog simply “smells™ the target substances
in a manner similar to the human experience known as smell.

AL St FER R e L

The physiology of the canine is not the exact equivalent of huinan physiol-
ogy, and some of the greatest differences are probably those observed in the structure
and function of the sensory systems. In the case of the olfactory organs, it is agreed

_ that, on a comparative basis, the olfactory epithelium of the dog is far more extensive
\ than that of humans. Since olfaction is generally held to be the “vacuum of physiol-
: ogy,” it is not entirely valid at present to equate this greater arca of supposed sensory
surface to greater sensitivity. However, the fact that those cortical and subcortical
brain areas which can be shown to be part of the olfactory system are far more de- A
veloped in the canine than in man invanably leads to the conclusion that in all probabil- !
ity the dog has a far more sensitive and selective olfactory system than does man. 3
i These observed facts, coupled with the animal’s legendary ability as a hunter and
tracker, tend to sustain the belief that olfaction is a major factor in the detection
‘ process.

If we assume additionally - with no valid basis in fact — that hearing and
sight also play a part in the detection process, we are still at a loss to explain how some
targets are located so readily. Motion pictures of the various tests described in this

% 9 This report cannot approach the subject of the selection of individual canines with sufficient detail to be
: : meaningful; interested readers are urged to examine the volumes by Mitchell listed in the Bibliography.,
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report indicate that most dogs in the search mode often appear to be trotting casually
just in front of the handler when suddenly the dog sits (the detection signal), with
none of the precursive actions (such as slowed gait, violent sniffing, agitation, etc.)
which one might expect on an olfactory search. This casual attitude has given rise to
some speculation that the dog is merely an indicator device for the true detector —
the handler. At present, we cannot accept this premise.

As noted previously, the tests were double-blind and conducted by a
reputable contractor under the scrutiny of MERADCOM employees; thus there is no
reason to suspect that the handlers knew, during a test run, the location of any mine
along the route. There is at present no valid reason to assume that humans can locate
buried objects; if this ability existed in the average individual, why would the average
soldier need any form of mine detection system other than his own senses? Anecdotes
which purport to document some detection ability in humans have been investigated
and scientific evidence of this ability does not exist.

During the Vietnam conflict, there were reports that certain soldiers had
developed the ability to detect mines, booby fraps, Punji pits, etc., but interviews
with some of these persons suggest that they simply detected anomalies in the environ-
ment which suggested recent human presence (bent grass, brokcn branches, etc.).
Such subtle clues enabled these unusually observant soldiers to exercise extreme
caution in the area of the anamoly; thereafter, they initiated an increasingly astute
search pattern along the path. It should be realized that under these conditions, almost
any recently concealed mine can be located in physical environments such as those
found in Vietnam. It is equally important tc realize that soldiers exhibited no such
skills in the mined vegetation-free arcas near the Suez Canal (as evidenced by the high
casualty rates resulting from land mines). We must assume this failure to be due to
the ncarly perfect camouflage offered by desert soil and because of the total lack of
indicator artifacts,

Based upon this simplistic analysis, it is conceivable that in special environ-
ments, the handler may detect signs o’ mine emplacement and then subconsciously
or consciously signal his dog to alert, but the premise that the human is the primary
detector in the majority of instances is unacceptable.

It is possible that the dog has sensory cupabilities as yet undiscovered, but
such conjecture is unwarranted in this report. In summation, the detection perform-
ance ecither indicates a very high olfuctory sensitivity (perhaps once part in 10 mol
fraction or greater) or the presence of detection fuctors which defy interpretation by
the entire staff in attendance at the test. Perhaps future research in sensory physiol-
ogy will supply the answer to this enigma.
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5. Conditioning of Subjects. The procedures devised by the Southwest Re-
search Institute for training the MERADCOM mine-detecting canines are complex, and
the interested reader is encouraged to examine volumes on this subject listed in the
Bibliography.'® ! 12 This report can deal only with the basic philosophy of the con-
ditioning methods used and with the rationale for the choice of these methods.

There are two generally accepted methods for inducing pre-ordained be-
havioral patterns in experimental subjects. The carliest of these techniques was dis-
covered by Dr. 1. Pavlov during his pioncer experiments in digestion, and the method
. is known today as Classical Conditioning or Pavlovian Conditioning, The second meth-

od was developed by the American behavioralist Dr. R. Skinner and is termed Operant
Conditioning,.

Classical conditioning requires nothing of the experimental subject except
its conscious presence, while operant conditioning requires a willful act (an operant)
on the part of the subject. While the methods by which any creature amasses learning
are still a matter of intense debate,'? it was sufficient for the purpose of this experi-
ment to accept the basic premiscs implicit in the techniques of Pavlov and Skinner.
Since the canine was required to annuniciate clearly the detection of an explosive
substance, operant conditioning was chosen as the proper regimen for the canine
experiment, and the experimental conditioning concept, then, was resclved to be as
described in the following pages.

Basically, the mine-detecting canine must be taught to identify the presence
of military explosives; then the animal must signal the act of detection by some unique
method that allows the handler to clearly recognize that detection has oceurred. In
return for this performance, the animal is taught to expect some reward which is
pleasing to at least one aspect of its physical or emotional needs,

The initial training of the MERADCOM mine/booby-trap-detecting canines
was determined to be a full-reinforcement operant regimen. This technique demands
that cach time the animal correctly identifies an cxplosive target, it is immediately
given a ‘ood reward whereas Lailure to detect merely results in no reward being given.

10 Mitchell, D, 8., “Selection of Dogs tor Land Mine and Booby Trap Detection Training.” 1Final Technical Repont

Vol I, Contract DAAKO2-73-C0150, September 1976. b

1 Mitchell, D. S., “Truining and Fmployment of Land Mine and Booby Trap Detector Dogs,” Final Technical
. Report Vol [T, Contract DAAKO2-73-C-0150, September 1976,

12 Mitchell, D. 8., “Users Guide:  Land Mine and Booby ‘Trap Detector Dogs,” Final Technical Report Vol 111,

Contract DAAKO2-73-CA0150, September 1976.

3 Some psychologists state that much of the human learning experience exemplifies the Classical Conditioning ;
. . . N . . . N N h ]
paradigm (exclusive of those experiences which require responses for the process to continue, which cases are ’
often eagmples of operant conditionmy). i

9
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Punishment for incorrect behavior is never ullowed nor is the trainer permitted to
exhibit his displeasure by any nuance of action or vocalization. 1t is emphasized in
the MERADCOM training program that the human hand must never become an object
of fear or hatred to the dog but, in fact, it must be viewed as a pleasure source (the
dispenser for the focd reward or a friendly pat on the head). Thus slapping or rough
handling is unallovable even in ti ¢ case of obstreperous behavior such as fighting,
biting, or refusal to search. Even the most aggressive antmals soon learn to regard their
handler as a trusted ally in the “game™ they are learning to play and this is quite
important, since the search activity ultimately must be considered as «  am action
under the present training concept.'®

Once the animal has become accustomed to the search/reward pattern, the
search is made progressiyely more difficult, first by reducing the quantity of explosive
in the targets and finally by reducing the frequency of target occurrence while in-
creasing the number of false targets and distractants. Ultimately, those dogs which
arc selected as the best performers are taken to 4 scries of test trails where real and
practice mines are deployed in simulation of a tactical operation.

The performance of the 15 *best performer’ test subjects indicated that their
conditioning was cffective and that extinguishment due to inactivity of several days
duration was not statistically significant. This result was important to continuation of
the program, since these periods of no training simulated the effects of troop move-
ments and activities which would preclude any type of reinforcing experience in an
actual combat operation.

It was clear to the program personnel that the experimental results to this
point demonstrated only that canins could be conditioned to be effective explosives
detectors. It was equally clear thut this initial training protocol excluded the realities
of a true tactical scenario. Thus, when the concept of the large-scale field test was first
addressed, it was necessary to modif  the conditioning program to accommodate the
real-world situation wherein the location of mines was unknown to both handler and
dog. Obviously in the practical case, where the validity of the detection signal cannot
be evaluated until an explosive ordnance disposal (EOD) team searches the indicated
site, the dog should not be rewarded for his annunication of detection. Since the dog
has no apparent ability to associate events separated in time, the animal must be made
to realize thut his search “game” really has two equally possible outcomes -- cither he
will be rewarded or he will not be,

14

Obviously . the personal satety of the handler could be greatly enhanced if he could remain at some distance from
the search area, but early experiments in remate control of explosives-detecting dogs were aborted due to funding
limitations long betore any statistical result could be ubtained and evaluated for assessment of the effects of
proximal vs, distal positioning of the handler,
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oo Accordingly, in November 1974, 5 of the group of 15 animals were intro-
o duced to a new conditioning regimen known as partial-reinforcement operant condi-
L tioning. In the initial protocol, the subjects were required to perfonn the detection
tasks in the same manner as that required in the full-reinforcement regimen, but
rewards were withheld on a random basis.  As this reconditioning process continued,

' the rewards became progressively less frequent during each formal search program ;
L until at length, no rewards were given for correct performance. Note that emphasis ‘
" ’ was placed upon the formal nature of the search and thut rewards were withheld only

during the actual search program. Previous experience had shown that if the practice ;

of withholding rewards is allowed to continue indefinitely, the desired conditioning
would ultimately extinguish as a result of (effectively) negative stimuli. To prevent
this effect, the animals were taken to a practice area remote from the final test area
‘ immediately after cach formal test run, and they were allowed to search again, During
3 this “seccond outcome™ effort, each correct annunication was followed immediately
by a food reward. This is the essence of the practical technique referred to herein as
partial-reinforcement operant conditioning.

In order to examine the effects of the revised conditioning, it was deter-
mined that o control group must be selected. which would not receive new training but
would merely receive maintenance conditioning to determine, if possible, the mini-

mum exposure required to prevent extinction of their full-reinforcement conditioning. s
To accommodate the various investigations, the 15 dogs were broken into three groups {
for test purposes. These groups, hereafter referred to as Groups A, B, and C, were held 1
invariant for the remainder of the progran. %

Group A and Group B animals were trained to expect continuous reintorce-
ment, while those of Group C were retrained to expect partial reinforcement. The
latter dogs were guided through repeated runs down test lanes (at the contractor test
sites at Camp Bullis, Texas) where each trial resulted in only random rewarding for
correct performance (and, of course, no reward for incorrect performance).'’®  Thus,
in the final procedures, at randomly spaced intervals, the dog received no reward
not even the accolade “good dog” - for correct detection performance. !¢ Interspersed
with this treatment were occasions when the dogs were given a “normal” reward which
consisted of a single morsel of dry dog food plus a few congratulatory pats on the head
accompanied by profuse verbal praise.

15 It was necessary to retrain theandlers to refrain from their nearly reflexive practice of physically rewarding
the animal (patting) even when the normal food reward was withheld.

16 While dogs apparently cannot comprehend complex language, they assuredly can master the meaning of simple
phruses although these utterances must be accompanied by adequate vocal emphasis, The accolade “good dog”
muss always be stated in the same manner or the animal may become confused, Thus even though the dog may
not comprehend ail the spoken words, it learns to comprehend the mood of the speaker, and the handlers must
refrain from verbalization when anger dominates their vocalization, Fear on the part of the handler may also
have a nepative effect on the dog, but there are no dats to substantiate this belief,

11
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I order to attain the maximum data, the three test groups were subjected
to two phases of reinforcement as shown in Table 2. Paragraph 9 (IFigure 10) presents
the results of these permutations.  Within two weeks, all test subjects realized the
dual nature of the overall training program and were willing to aceept the new pame

rules.
Table 2. Conditioning Protocol for Mine Detecting Dogs
Conditioning
Group Phase [ Phase 11
A Continuous reinforeement Continuous reinforcement
B Continuous reinforeement No reinforcement
C Partial (random) reinforcement No reinforcement

The fact that the animals accepted revised training so rapidly was the only
surprise in the program, since the effects of partial reinforcement are described
abundantly in the literature.  Further, it was well established that, while continuous
reinforcement is acceptable during initial training, it does not lead to optimum per-
formance even in those situations which permit this practice. This behavioral trait is
thought to be due to habituation and anticipation affects where habitual performance
rewards dull the anticipation of the reward to the extent that the effectivity of con-
ditioning may suffer severely at extremes of habituation. Thus, the reward ceases to be
of sufficient impetus to cause the animal to perform the prescribed search, When the
reward is withheld at seemingly unpredictable intervals, the animal has greatly increased
anticipation and performs in the manner it thinks will reestablish the reward. Habitua-
tion is thus attenuated, and performance remains at initial end-ot-irst-conditioning
levels for periods of many months or, possibly, for years.

After some experiment in allowable reward-to-reward intervals, it was deter-
mined that scarch periods in excess of 2 hours elicited no decline in performance with
total withholding of reward. Since this 2-hour period represents possibly the optimum
search period betore fatigue effects are manifested, it was determined that there would
be no extinguishment of conditioning if the search period were followed, at some
period during the same day, with a “*dummy scarch” where continuous reinforcement
was allowed. Dogs appear to be able to accept the fact that when the handler aets in
the more formal attitude of the true scarch program, there will be no reward for
correct behavior, but when the “dummy-search™ program is in force, a reward will be
given for each correct detection. This obviously requires intelligence and an cagerness
to please ~ both of which are evident in those animals which arrive at the final stages

of training,
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Before moving on to the details and results of the four ficld tests, it is
pertinent to note that the data displayed in Paragraph 9 (Figure 10) represent one of
the most significant determinations of the entire canine mine detection program, namely
that the performance of dogs will be quite good regardless of the nature of the training
regimen. While this observation seems to border on the trivial, the reader is asked to
consider the following ramifications of this finding:

a. It is evident that there is no need tor precise adherence to any specific
training or performance protocoi, thus allowing for great variations in trainer and
handler capabilities such as would certainly be encouniered in a time of intense mobili-
zation of the armed forces.

b. It is evident that rapid retraining is possible with no loss of detection
capability. This factor is important if tactical considerations demand operational
changes (e.g., remote control operation of canines in arcas of extreme hazard).

¢.  The fuct that dogs rapidly accept the new “game rules” (no diminution
of performance noted after only 4 weeks of partial and no-reinforcement training) is
thus documented.

These observations will hopefully serve to attenuate somewhat the philo-
sophical debates concerning what canines will or will not do in detection service. To
reply in advance to arguments that insufficient data were taken to permit such
sweeping conclusions, we submit that there are seldom, if ever, experiments where
sufficient data are accumulated to satisfy the most critical observer. 1t is worthy of
note that the data obtained from the four tests, when tested by various statistical
methods (see Section HI), evidence no differences of adequate significance to cast
doubt upon the conclusions,

It seems valid, therefore, to conclude that the conditioning as devised for
the training of mine-detecting canines is adequate for the operations of global warfare,

6. Test Sites. The following test sites were selected.

a.  Winter Site. Since canines should be available for deployment us mine
detectors on a global basis, it was determined that detection performance must be
tested in simulated operational situations which would represent the most unfavorable
environmental conditions likely to occur.  Accordingly, a search for test sites which
could satisfy the needs of the experiment was initiated with the provision that funding
and time limitations would ultimately preclude the use of niore than two geographical
locations. The final choice was constrained to include one site which could simulate
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so-called middle Furopean operations and one which could represent the environment
of the mid-East.

Geologist reports indicate that Fort McCoy, Wisconsin, not only has
soil conditions analogous to the northern European plain but also has a summer
climate which is similar to that of Europe, thus allowing for a mid-range detection test
in addition to the planned ‘“extreme limit” regimens. The average winter climate at
Fort McCoy is considerably colder than the normal average winter in central Europe,
but this factor was not held to be a detriment since, in effect, it allowed the simula-
tion at one site to include extreme northern as well as central Europe. Fort McCoy
lies in southwestern Wisconsin in the Wisconsin Driftless Arca of the central lowlands,
This locale is characterized as a rugged region, varying in elevation of between 183 to
530 meters above sea level, The center has numerous rocky crags, some of which have
the appearance of buttes and mesas when viewed from an clevated position. In general,
much of the surface is of a rolling or undulating character. Figures 1 and 2 give an

overview of the test area.

The Wisconsin Driftless Area, in general, is partly covered with a fine,
humus soil, but Fort McCoy is mostly sand to a depth of at least 1.5 meters. The test
site was a generally flat, 1.25-square-kilometer arca with a slight rise in elevation along
the southern border. Trees (scrub oak) were scattered over most of the area with some
parts characterized as thickets. Other parts of the area were essentially grass with a
few trees. Included in the test area was a flat, sandy area (about 26,000 square meters)
which supported no vegetation other than widely scattered clumps of short grass. The
specific site for the test wus an abandoned small-arms range in an isolated arca of the
reservation, 1t was approximately 1.6 kilometers long by 0.8 kilometer wide and was
enclosed by a 1.5-meter-high, two-strand barbed wire fence.

The climate in southwestern Wisconsin is characterized by cold winters
and hot summers. The average annual temperature is about 6.1° C, varying from an
average of -8.3° C during January to 20.6° C in July. Extremes extending to below
-17° C in winter and above 30.2° C in summer are not uncommon. The average annual
rainfall is about 76 centimeters, and about 20 pereent of the total rainfall comes during
the growing season (Spring/Summer). This climate is fairly analogous to that found
in the northern-European Plain arca (i.e., rainfall is similar while the average high and
low temperatures are more moderate in central Europe than in Wisconsin).

The winter of 1974/75 was more severe than usual, thus allowing a test
with environmental limits nearly as vigorous as some portions of Alaska, Throughout
most of the winter test, the average snow cover was about 0.5 meter and the air
temperature hovered near -6° C during most of the daylight hours, dropping to -20° ¢
or lower at night. In addition, snowfall and strong winds altered the surface. and hence

14

B LI Nl G e BRI . ke o e o~ i ORI




DA

Ak adbl

‘GLEL Alenuqag ‘A 1531 AODDW 1104 L 3snErg

CTIRES T T A

.-

TR

IAS




’
G161 AN Teday 153 ] Aoy 1104 Z 3mnin g

' Preceding Pagé‘g Blank



B et Lk U Sl iine o B F ol SRR aia e Lkl Sl dh bt e s AR b i A it et e

TR P

e ATy

S e B

e e s K it

o = S M - f——————r b e S



i s’ o e e FoTRIIy  HTT S WY R N T AT S e T R R O e e o ,.

;

3

|

f ‘GLEL 19QOIDQ ‘e3iy 153 PWNA ainbt 4

| . .

w ..b\\ !\.JM.I.\Q\\..\\Q‘. L
v . .

{

}

P v



T~ . ot T TR S T T T R, llnnrnﬂﬂl]h\w‘l\\l‘f st v oo "

S{51 200120 'puND-D SUiA0.g PNy 1.Eiy 03T G a.rbig

PO %L T e AN

*

T T

b SR A e e i




w

—d o -

visual aspects, of the test site several times during the 2-week test. The winter ¢t viron-
ment was so severe at Fort MeCoy that we must conclude that these weather parame-
ters probably represent the cold weather linit at which canines can function effective-
ly. 1tis our opinion that attempted operations under similar conditions in a tactical
seenurio would represent a nearly intolerable situation for both intfantry and mechan-
fzed forees; thus, the use of mine-detecting dogs would probably never be attempted in
such cases, It is doubtful if antipersonnel mines -- normally deployed - would be
detonated in such heavy snow and ice, but antitank mines would probably still be a
menuce,  Figure 3 shows an example of the rigors of the winter test.  In the spring
1975 test at Fort MeCoy, the weather was unremarkable (average temperature 20° €,
moderate skies) and needs no comment here,

b, Summer (Desert) Site. The search for a desert site was greatly simpli-
fled by the well-documented similarities of Yuma Proving Ground (YPG) 1o 4 typical
mid-Last areu (Sinal Desert). Yuma Proving Ground lies in the southwestern corner of
Arlzona near the California and Mexican borders and is bordered on the west by the
Colorado River, It les in the Sonoran Desert section (locally called the Gila Desert)
which occupies over 80,000 square kilometers, The mountain ranges in this section are
usuully short and ravely greater than 1.2 kilometers above sea level, The basing are
wide and mostly flat but are interspersed with shallow dry gulehes. These basins are
seldom more than 600 meters above sea level, The mountains are comprised primarily
of graultic and voleanic muterial, having practically no soil, The soils in the basins or
pludns wre sandy, pray or buff-colored, and humus-deficient, which is characteristic of
arld repdons,  The spurse vegetation consists principally of cactus, creosote bush (or
preasewood ), and mesquite. The soil texture differs greatly over small areas with
cowrse and bouldery materials found at the base of bordering mounting and fine clays
I the lower parts of the area,

The climate in this region is characterized by: low rainfall (less than 10
cm/yr) with lttle or no rain Falling during the spring months; low humidity (average of
wss than 35 pereent at noon): temperatures that range from an average of 10° C in Jan-
aary 1o 327 Cin July, with extremes of over 402 ¢ in summer; and a range of cloud
during daylight fronm 20 to 30 percent in July to 30 to 40 pereent in January, Soils and
climuate somewhat analogous to this arca are found in northern, western, and southern

replons ol Afghanistan: Southern Europeun Russiig several arcas of Spain; and parts of

Fpypt and Israel,

The site was plowed and denuded ol all vegetation in preparation for
e tests, “The vesulting soil was o fine sundy texture, extremely dry (about 1,2 pereent
modsture contert), amd casily converted 1o dust when gusty winds and “dust devils™
pussed over the arei, The finagd dimensions of the test area were approximately 0.8
kilometer by 0.4 kilometer, Figure 4 shows a portion of the Final site after installation

ol the mine lanes,
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At first, it appeared that a single test would provide all the desired data.
However, it was necessary to begin the third test at *his site in late October 1975 which
is not the hottest part of the Yuma climate cycle. This perturbation in the test plan
proved to be beneficial since the weather was unusually cool in 1975, and thereby it
was possible to amass data in an environment similar to that in certain other desert
areas of interest. Figure 5 shows a detection *‘sit” during the October 1975 test at
Yuma Proving Ground.

In view of the unfulfilled need for exireme hot weather data, the test
was re-run in June when the conditions were at or beyond the extremes originally an-
ticipated (air temperature +46° C, bright sun, 1 percent humidity). This test was exe-
cuted exactly in the sequence of the October test, thus allowing for close comparison
of data clements. Thu§, the two test sites allowed accumulations of four data sets
which adequately define canine performance over a range of environments with limits
which would represent a severe challenge to humans involved in tactical operations in
these arcas. Additionally, the variations in soil conditions and types allowed an evalua-
tion of camouflage techniques and the conscquent cffects on the handler/dog teams.

7. Test Lanes. The concept of the canine tests embraced two essential points:
The test must be double blind to preciude any conscious or subconscious attempts to
influence the results on the part of any participant, and the test area must include
targets which are representative of those possibly encountered in tactical operations
(thus there should be somce distractants which, while unlikely, could conceivably
oceur),

It was determined that the optimum configuration of a test arca for Fort
McCoy would consist of 50 lanes cach 0.5 mile (800 meters) long and 10 feet (3 meters)
wide. The rationale for this choice was based upon the experience of previous con-
tractor tests at Camp Bullis, Texas and at a test site in Montana, From these carlier
tests, it appeared that the average dog would function with no loss of interest for
periods of up to 2 hours (this was later proven to be an underestimation) and that an
arca scarch of about 26000 ft? (2430 m?) would take about 1 hour. Since the lateral
space needed to generously accommodate a column of infuntry is about 6 feet (2 meters),
a 10-foot (3-meter) width seemed to represent the maximum desired width of search.
Thus, the length of the test lane became about 2600 feet (800 meters).

Some subjective evidence from previous tests indicated that dogs could casily
remember the physical location of targets on practice trails after three or four traverses
even if the individual events were separated by a week or more.  Regardless of the
anccdotal nature of this “‘memory factor.” it was evident that the probability of
memory influencing the data was too great to ignore; therefore, the physical layout of
the test arca was evolved to limit the effects of a possible topographical memory

26
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capability.  (While some memory factor might have been significant in repeated
passages at Fort McCoy, a glance at Figure 5 should suffice to convince the most
skeptical that memory could offer little data distortion at YPG.) Aside from a possible
topographical memory there remained the distinet possibility that the dog might
detect the scent from a previous detection (since there is much local activity when a
“sit” occurs) and this accumulation of scents might possibly trigger a detection alert,

Consideration of these potential disturbances led to the determination that
at least 50 test lanes were necessary per test site in order to limit the maximum number
of scarches through any one test lane to two per dog per test, Time and fiscal restraints
served to limit the number of lanes to 50, whereas, given unlimited resources, cach site
would have consisted of at least 100 test lanes, thus permitting a single passage per lane
per dog in every instance. To preclude disturbances to the scarch party, experiments
were run at the contractor facility to determine the necessary lateral spacing of the test
lanes. It was found that at a 50-foot (15.2-meter) separation (center-to-center), con-
currently advancing scarch parties exhibited no mutual interference.  This is not
surprising since the dogs used for these tests had never been exposed to any form of
attack or tracker training. Even so, during the actual test runs, the parties were never
on adjacent lanes, and they were started at staggered, random intervals. It is certain
that there was no episode of search distraction due to other test groups during any of
the runs in the four tests.

a. Targets. After the basic configuration of the test field was determined,
it remained to equip each lane with an assortment of targets both true and false. Since
U.S. mines were the only devices available in quantity, these were chosen as the majority
of live targets. Table 3 shows the complete listing and function of all target sub-
stances and devices used at the test sites. The foreign mines were few in number and
probably unlikely to be encountered in war, but they were included simply to deter-
mine if they were detectable. (They were detected equally as well as U.S. mines.)

For some time there had been a lively debate between two opposing
philosophies in the detection community. One group contended that canines were
capable only of detecting human scent while the other group contended that it was, in
fact, son.~ characteristic of the explosive-filled device which triggered a detection alert.
It appearc . that this question could be resolved if both explosive-filled and inert-
loaded mines of the same type were deployed during the field tests. Thus the avail-
able inert correlates or the live, defused mines were also included. Table 4 shows the
frequency of target itcm occurrence at the two sites, It is interesting to note that while
there were occasional false alerts attributable to five of the distractants, the sex
attractant was totally ignored by all animals in all tests. This may be due to 4 number
of factors, the most probable of which is that the chemical attractant, attained from
estrus females, deteriorates rapidly ex-vivo!
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Table 4. Frequency of Occurrence of Targets at Test Sites
i Targets Fort McCoy (Number) YPG (Number)

: Lanes 1-40 Lanes 41-47 Lanes 1-50 |
" Live (unfused) &)
M14 12 6 16 5
M15 43 10 44 5
M16 93 6 33 3
- M18 14 0 20 ]
: M19 44 4 38
French 3 0 0 5
Eif Yugoslovian 1 0 0 :‘
f Practice (inert) 3
' Ml6 25 5 27 )
: M19 10 10 30 i
. M20 48 10 37 1
M25 23 7 23 y
Distractants J
. Oil/gasoline 38 6 31 1
' Canine sex attractant 34 7 19% 3
ixpended shell casing 33 8 33 J
Commercial fertilizer 56 9 24 3
Human urine 15 0 27 A
Filled hole 212 45 148 |
i * Used only in the October 1975 tests, 3
Q‘_‘ b. Layout. When the lists of target and distractant items were final, it ’
remained to determine the configuration of item placement. Obviously a truly random 'J
e selection and placement would leave much to be desired in a universe of only 50 lanes i
i since some lanes would Lo sparsely populated while others would be too densely i
populated. Accordingly, the following constraints were imposed: "
(1) At least one live mine per lane.
(2) No targets located within the first 12.2 meters (40 feet) of lane, i
(3) A minimum target intervai of 15.2 meters (50 feet)., »,3
(4) Lateral lane separation of 15.2 meters (50 feet) (center-to-center). )1
(5) Exactly 11 total targets/distractants per lane, )
(6) Target latera) position arbitrary within the 3-meter (10-foot) lane 12
width, 3
Obviously, these constraints reduced the degree of randomness possible #
to the point that even pseudo-random may be an inappropriate designation for item ',5‘
spacing.  In any event, a computer program was devised which would allow the greatest )
randommness possible in view of the restrictions, and the test site layout was thus Ji
i
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generated, Table 5 shows Lane 1 at Yuma Proving Ground as a sample of the pseudo-

. random layout resulting from the program. Mitchell gives a complete layout of both
' sites,17 18 19

Table 5. Location of Targets in Lane 1 at Yuma Proving Ground j!

Target Longitudinal Position Lateral Position 1
i (Meters) (Feet) (Meters) (Feet) ‘ ;
! Filled hole 12.1 ( 40) 0.30 (1 :
3 M19 (live) 35.8 (118) 0.91 3 . k
3 Fertilizer 79.7 ( 263) 2.43 (8) X
M19 (live) 107.6 ( 355) 1.52 (5) '
M5 (live) 149.7 ( 494) 2.12 (7) 3

M19 (practice) 180.6 ( 596) 1.52 (5) ﬁ

3 M18 (live) 207.6 ( 685) 0.30 (1) i
; Sex attractant 244.5 ( 807) 3.03 (10) '
M14 (live) 272.4 ( 899) 0.30 ) a

M19 (practice 298.2 ( 984) 1.82 (6) :

M15 (live) 331.2 (1093) 1.82 (6) E

4

) i

Onc final change was made in the initial program after it was recognized )

that the presence of targets in all lanvs left unresolved the question of false alarm per- i

formance on a sterile arca which purported to be a mined arca. Thus, several lanes A

were not implanted with any item and this fact was concealed from the test partics,2®

With the determination of the spatial coordinates, the tane layout was
complete and implantation was carried out as fcuows: The targets were buried in
accordance with TM9-1345-200, “Land Mines”; M14 and M25 mines were buried flush
with the soil surface and covered with a sprinkling of soil; M15, M19 and M20 mines
were buried under 3.8 cm oof soil: M16 units were buried at 7.6 cm depth; and M18 |4
mines were placed on the surface. At the Fort MceCoy site, targets were installed in

o T

17 Mitchell, D, 8., “Selection of Dogs for Land Mine and Booby Trap Detection Training,” Vinal Technical Report
Vol I, Contruet DAAK02-73-C0150, September 1976,

sy

18 Mitchell, Do 8., *Training and Employment of Land Mine and Booby ‘Trap Detector Dogs,” Final Technical
Report Val 1, Contraet DAAK02-73-C0150, September 1976,

19 Mitchell, D, 8., “Users Guide:  Land Mine and Booby Trap Detector Dogs,” Fingl Technical Report Vol 111,
Contruct DAAK02-73-C'4)150, September 1976,

20 At Fort MeCoy und at YPG the deletion of target items by the MERADCOM installution crew did not preclude

the presence of artifucts in these well-used test arcas, For exsmple, items discovered by the dogs at Iort MceCoy
included an unexploded mortar round, numerous ancient shell casings, bits of exploded shells, ete, (1t was

later learned that the Fort MeCoy test arca had been an impact zone for an unknown number of National Guard
exercises dating buack to W 11,)
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s lanes 1 to 21 in October 1974 und in Lanes 22 to 50 in January 1975. The target
emplacements at the YPG site were completed on 11 October 1975,

s 51,

The site at Fort McCoy was constructed with the test lanes in a north-
south direction and with each lane distinguished by a row of wooden distance-marking
stakes emplaced 100 feet (30.5 meters) apart. The distance stakes were numbered
from “0” to ‘26" in each lane and were color-coded with surveyors tape to minimize |
‘ problems in adjacent lane identification. This coding was invaluable during the winter
test where deep snow tended to cause extreme disorientation particularly in the
wooded areas.

e

it

When test runs were being made on these lunes, it was discovered that
some of the stakes had been placed more than 30.5 meters apart and some less. Also,
i some of the lanes had not been surveyed along a straight line. As a consequence, when
: the site at YPG was prepared, a commercial surveying organization was contracted to

survey and mark the test lanes, As at Fort McCoy, lanes were 10 feet (3 mcters) wide

with a 40-foot (12.2-meter) buffer zone between lanes. Lane marking stakes were

placed 50 feet (15.2 meters) apart along the left boundary of each lane and were
{ color-coded with surveyors tape, Stakes were numbered from “0” to “130” in incre- ‘
ments of § (e.g., 0, 5, 10, 15, - -, 125, 130) in each lane as reference points. This y
i*". numbering system was used to tucilitate recording of distances along the lanes when
data were being collected. The distances between stukes were measured in feet and the
number on cach stake was multiplicd by 10 to obtain the distance (in feet) from a
given stake to the “0” stake.

e Al e i ke K g Ak L - B L

8. Test Protocol. The participants in a typical test run were a dog, a handler,
and an cvaluator. Preparatory to beginning a run, the handler and dog took a position
at the head of a lane near the 0 stake. When the dog, handler, and evaluator were
ready, the cevaluator instructed the handler to commence the search. The handler/
dog team proceeded down the lane, scarching in a serpentine pattern over a 3-meter
wide section. The line of wooden stakes bordering the left edge of the lane served as
a guide to keep the dog/handler team within bounds. The evaluator took a position
approximately 9 meters behind and slightly to the left (in the buffer zone between
lanes) of the dog/handler team and maintained this distance as the team progressed
down the lane, He also provided guidance to the handler, aiding him in staying within
the bounds of the lane.

The handlers were never provided with information about the location of the
targets and they were instructed to avoid cucing the dog toward a possible target that
appeared to the handler to be visually suspect,

4
]
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A detection was indicated when the dog sat. The handler then placed a
marker flag at this position regardiess of whether the sit was motivated by a buried
mine or some other object or scent. The evaluator, referring to a data sheet which
contained information about target types and their location on the lane being searched
and which was given to the evaluator just prior to the beginning of the search, orally
indicated to the handler whether or not the marker was on a true target. If a true
detection occurred, the extent to which the dog was rewarded by the handler
depended upon the dog’s prior training and the phase of the test. (See Paragraph S on
training of dogs in Groups A, B, and C.) At all positions where the dog sat, the eval-
uator measured and recorded the wind velocity and direction on the data sheet. A
sample data sheet is shown in Figure 6. The instructions for filling out the sheet for
each run were as follows:

a. Reccord the following information before going to the test lanc:

(1) Evaluation site,

(2) Date.

(3) Dog name, breed, sex.
(4) Luane number.

(5) Handler.

(6) Evaluator.

(7) Group/reinforcement,

b.  Measure the soil moisture content at one test site location at 4 2-inch
depth at the start of cach day. Record time of micasurement,

¢.  Complete immediately prior to the start of test:

(1) Buarometric pressure,
(2) Air temperature,

(3) Relative humidity.,
(4) Soil characteristics.

(5) Surfuce conditions (rain, mud, ete.).
d.  Record while test is in progress:

(1 Time of day.

(2) Stake number as cach stake is passed.
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3 MINE DETECTION DATA SHEET
#
% ETP.T6.2 CONTRACT NO. DAAKOZ-73-C-0150
'u\\: SwRI/USAMERDC
:; Evaluatioa Site: __YUma Proving Ground paw: 6-8-76 Thne of Davisrart): 1015
5
o Dog: Eye Breed: _ LR sex: _F Lane No.: 34
,( Handler: Andy Zuniga Evaluator: E. Benavides Group! A Retnforceinent CRF
i Soll Moisture:__ 1.2  # 4 0730 (time of day),
i Soil Characteristics: START FINISH
) o -]
; X Gravel/Shale Ground Surface Temp, 81 86
o °
f, X Sand Temp. 12" Above Surface _86° 89
;\ . X Clay Temp. 36" Above Sur(a:ze 90° 9l°
; Loam Relative Humidity 26% 26%
2
&L Hardpachked Barometric Pressure ;0 .11 30.11
o
Other, specify
g .
Surface Conditions {rain, mud, etc.)
#
! Total Elapsed Search Time 30 Minutes Stazt Time (let hall): 1018
8 Stop Time {lat hali): 4]
: ¢+ Take Wind Reading @ Ground Level Once During Run, Enter Elapsed Time (lst hal(): 95 Min
In Commant Columa, -
‘(}' FIRST 650 FEET (Stakes 0-65)
u
Responee Wind
- ~
3 M ] v < F V 3 vy
AT S E Z £y
3 - B x ¥ 1
I T 0 bEL o3 | Ek ¥ 4 bé
ot S I B B & H A MK
X 8 ' ®o 4 o - ' 2 e
o Bay 3 & oo g @ ‘
N > Lo b3 Do a H—1 Commenta
] 0 +
L : 0
: ; ¥
59' g" | io' 9" 330° 7 5 | Correct Response (58=2) X
E 5 E 10
t 4 ;
': ': : 15
: i : 20
E i | 25
v 1 j
: | I 30
) | |
: ! | 35
M ' H
— : ! 40
| )
: : E 45
H o '
i , : 50
[} 1 ]
\ ; i 55
* [} [
613' o" | (9 0" 300° 6 60 | Correct Response (613-9) (M18) X
! 1 v
: : : 3 mph winds at ground level
i 5 i 65
. : M :
L] . 1
1 ' }
1 1} .
[} " .
L} ] [
) ] )
\ | )
1 ' )

Figure 6. Sample data sheet {page 1).

33

ot . P ; . . " & O, Lhugia
PR O I AP Y A SO BURE SR (M RO Y ARNIILY)




R I A

S B o ML P 0 L D T e TN e e

.
.
e e e— .

- ipodacuLdy
¥ asuodsayg
s o
- § ~~
3 1 -
L3} © K
Y > = 3 Y
3 gl o o m
| - o
; » \¥]
E - ——~
s 3 ©
7z 32 1
2 e 3 o
¥ § 3 3 &
a < a a = ™~
3 < g
! 2 3
= w Q
B .m ;] -
1 ] a 8
: e [ &
. e «©
: o ron 2xwig o] nl oj nl o] ul o! o] uy n O -1
3 1 S ] ) ol o ~ o~
b ik v [} (et ae! i 1 © M
= W .m.w
2 m.
. 3 HAW v @
b g v
RN SN S R O O s S S e e T e P S N B I - .
3 _ "2 [ H A [ <
. = e
A S S
J Juirvag ~ K=
[ [F
% = }
| v
X ™ juIeaxy = 3
“.,m o sy diax
H —
4 =
ww ca2 33eu1p2000 X
iy - 2T
,* M -2 § B EL e R et e L s ek SR SEUE (BRSO P S B et B e T B e B LT Lot BT e B D e
u .m M - M {wmusixcei)
3 = E g UnIZIA0 X
5 e _ £
Fl £ m - 2
-4 » - — N P -
Am = g39° . ll\lgl e ol e bl Sad 17111 ﬁ
! - * o
mm - “.
% PR
__ wua N
M ITUIPI003 X £
3 g
!
ot ..




L T

(3) At time of response by dog, write in “‘correct response™ or *“false
response,” whichever is appropriate, in comments column.,

(4) Longitudinal (*'y”) overrun at response position.

(5) Presence of trip wire.

(6) If dog was given reinforcenient for response,

(7) Wind speed and direction at cach dog response and at cach live
mine missed by the dog.

(8) Mauke pertinent comments as necessary (e.g., dog activities which

might actuate a fuzed mine: if a dog is given a rest period, indicate the length of the
period; general weather conditions; etc.).

[

Complete immediately following end of test:

(1) Enter total elapsed scarch time in minutes.
(2) Barometric pressure,

(3) Air temperature.

(4) Relative humidity.

(5) Measure x and y coordinates of cach response marker placed dur-
ing test, and record to nearest foot and inch (e.g., if less than 1 foot, record O feet and
the number of inches).

In order to determine the effects of wind direction on detection, a dual
search pattern was employed whereby one half of each lane was searched in one direc-
tion and the other half in the opposite direction; thus each search run started at stake
“0” and proceeded to the halfway stake. At this point, the dog/handler tcam moved
into the buffer zone to the left of the lane and walked directly to the end of the lane.
After a short rest break, the search was resumed, traveling back toward the halfway
stake. Upon reaching the halfway stake, the search was terminated, and the search
team returned through the buffer zone to the staging area adjacent to the site.

For a given test period, which was usually 10 search days (13 days for
the winter tests at Fort McCoy), the handlers and dogs were assigned test lanes on a
pseudo-random basis. No handler or dog was assigned to a given lane more than once.
(Exception: While conducting the winter tests at Fort McCoy, one dog was assigned
the same lane twice within four days but with a different handler.) The daily lane
assignments given the dog/handler teams at the Fort McCoy site (winter and spring
tests) and at the YPG site (October and June tests) are shown in Tables 6 through 9.
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Table 6. Daily Lane Assignments for Dog/Handler Teams, Fort McCoy, Winter 1975

Dog/Handler

February

March

24

26

27

4

S

6

Angus/Cooper
Apache/Zuniga
Eve/Cooper
Dusky/Zuniga
Tiger/Cooper
Val/Zuniga
Bolc/Cade
[Trujillo
/Polonis
Brandy/Trujillo
/Cade
/Zuniga
Bretta/Cooper
Casey/Cade
Duncan/Zuniga
[Trujillo
[Polonis
[Cooper
Ernie/Polonis
[Cade
Marcia/Cooper
/Polonis
[Zuniga
Newton/Zuniga
[Trujillo
/Cade
Quickie/Trujillo
[Polonis
/Cooper
/Zuniga
Rex/Polonis
/Zuniga
/Cade
/Cooper
Warp/Cade
[Zuniga
[Polonis
/Cooper
Whop/Cooper
/Pole nis
/Zuniga
Winchester; Zuniga
[Cooper
/Polonis

22
24

28
26
30
27

34
36
40
38

43
45

42
44

O~ b

17
20

[ 2 I
“w

Coro
N

43

48]
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Table 7. Daily Lane Assignments for Dog/llandler Teams, Fort McCoy, Spring 1975

Dog/Handler May June

26 27 28 29 30 31 2 3 4 S
Angus/Cooper 3 32 -~ 4 30 — 6 27 - 34
Apache/Cade 1 30 - 2 28 - 4 29 - 40
Bretta/Mouton 17 — 33 i8 - 7 16 5 24
Cuasey/Cade 11 - 39 12 - ] 14 - 3 28
Duncan/Mouton 7 36 - 8 24 - 10 2 - 32
Dusky/Zuniga - 28 21 32/35 19 31 9
Ernie/Cooper 40 22 27 - 38 13 37 19 -
Eve/Zuniga 19 - 31 20 9 2 - 11 22
Quickie/Marcinko - 24 25/14 - 36 15 - 35 7 -
Rex/Zuniga 9 38 - 10 22 - 20 21 : 36
Tiger/Cooper 13 - 37 14 - 3 12 - 33 2
Val/Cade - 2002 29 40 11 : 39 17
Warp/Marcinko 5 34 - 6 26 8 28 - 30
Whop/Marcinko 15 - 35 16 . 5 18 - 13 38
Winchester/Mouton  — 20 23 - 34 17/37 - 33 15

9. Test Results, The results are presented graphically in Figures 7 through 21,
During preliminary data analysis, in preparation for graphical presentation, an
acceptable detection radius was determined. The dogs alerted on the mines at random
locations around the mines (see Figure 21) and calculations were made to determine
the distribution of these alerts within incremental radii from the center of the mines
as a percentage of the total distribution (alerts out to 3 meters). The initial computa-
tion was made for a radius of 0.3 meter with subsequent computations made for radii
increased by 0.3-meter increments out to 3 meters. These caleulated values were then
plotted and curves were drawn as shown in Figure 7.

There were few alerts beyond 3 meters and a curve was plotted Tor cach off
the four tests. It is observed that about 90 percent of the alerts full within a radius of

1.5 meters. Therefore this radius was used in scoring the detection performancee of the
dogs.  Since dogs Bolo, Brandy, Marcia, und Newton were used only during the first
test period (February-March 1975 at Fort MeCoy), their performancee data were not
included in the test results, Figure 8 shows the detection performunce in pereent of
live mine targets detected (iLe., the number ol live mine targets detected divided by the
total number of mine targets that were possible to detect) by cach dog during cach ol
the four test periods (indicated by 1. 2, 3, and 4 in Figure 8). The circle indicates the
percent of five mine targets detected by cach dog during all test periods,
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b Table 8. Daily Lane Assignments for Dog/Handler Teams, YPG, October 1975 j
Dog/Handler October ’
14 15 16 17 18 20 2 22 23 24
3 Angus/Trujillo 217 43 1 - 20 . 4 )9
Apache/Cade 5 26 37 4 30 - M4 28
Bretta/Cooper 6 22 48 50 9 44
[Cade - - . ) - ,
Casey/Cade 50 » 33 16 42 10 .
[Zuniga : - 7 : 40 » '
Duncan/Trujillo 15 30 » 16 24 O 1238
Dusky/Zuniga 45 1 38 P2 32 : 24
Ernie/Cooper 20 41 12 - : 17 43
{Cade 29 45 . |
Lve/Cade - 18 2
JZunigu 30 47 . 39 27 5
Quickie/Cooper 40 ' 28 49 137 14
/Cade : 3 ‘
Rex/Zuniga 10 31 4 1Y 3 a3
[Trujillo : . : RY:}
Tiger/Cooper | 21 42 § 25 40 24
Val/ Trujillo 35 8 23 44 7 47 10
Warp/Cooper 13 34
[Cade 25 46 : 2
[Zuniga - 48 49
Whop/Zuniga 16 Y | 8
[Trujillo 32 20 41 3 ‘
Winchester/Cooper : 15 ,
/Cade 11 27 b 13 39
[Zuniga 30
i
38




Table 9, Dully Lune Assignments tor Dog/Handler Teams, YPG, June 1976

Dog/itundler June
8 D) 10 11 12 14 15 1o 17 18
Angus/Trujillo 7 16 46 49 . 47 3 34
Apuche/Cude 9 27 43 15 48 7 46
Wrew [Coeper 20 26 43 11 45
1 ud 33 -
Cusey/Cude 45 KR 17 44 18
{dunipa 0 31
Duncan/Trjillo v 37 8 27 9 1330
Dusky/Zunigo 44 I 40 4 23 50 29
Frnde/Cooper D42 18 19 35
JCwde kI 25
Eve/Cude : 13 ' 1 :
{Zunlpa 34 48 41 : 30 10
Quickie/Cooper dd 29 12 41 23
/¢ ude 2 , .
Rex/Zundpu 4 32 RN 2206
[Prujiflo 38 : :
Ther/Cooper 4 4 38 10 34 28 10
Vaul/ Trajillo 315 25 45 6 31 5
Warp/Cooper 20 32 -
[Cude ) 47 AL
{Zunhu 9 38
Whaop/Zunlpa 17 5 8
/Trujitto 33 M 42 48
Winchester/Cooper : 14
[Cade 12 850 20 40
Hunipa 37
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Figure 7. Density of dog alerts as a function of “'sit” distance from center of mines.
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O Average of four test periods

D Fort McCoy, Feb — Mar 75

l Fort McCoy, May — Jun 75

B YPG, Oct ‘75

N YPG, Jun 76
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Dogs

Figure 8. Detection performance of dogs.
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Test periods | and 2 were at Fort McCoy, and periods 3 and 4 were at YPG, ]
In Figure 9, morning detection performances are compared with afternoon perform-
ances for the four test periods. In Figure 10, the performances of dog groups are
compared,  As explained in Paragraph 5, there were three groups of dogs (A, B, und
), and cach group was comprised of five dogs. Groups A and B were trained on con-
tinuous reinforcement and Group C, on partial reinforcement. Group A worked during
phase 1 (the first hall of cuch test) and phase 2 (the latter half of cuch test) under
continuous reinforcement,  Group B worked during phase | under continuous rein-
forcement and during phase 2 under no reinforcement,  Group ¢ worked during
phase 1 under partial reinforcement and during phase 2 under no reinforcement, .
Figure 11 shows the percentage of cuch type ol mine that was detected by all dogs
during each test period (1, 2, 3, and 4) and during all periods (indicated by cireles) _
Figure 12 shows the performance of dogs grouped by handlers, Three handlers (Cude, i
Cooper, and Zuniga) worked dogs during all four test perlods; ‘Trajitlo, during test

: periods 1, 3, und 4; Marcinko and Moulton, during period 2; and Polonis, during, Y

period 1. Figure 13 shows the percentage detection of (A) live mines und (B) pructice ]
g mines and distractants by all dogs tor cach test period.  Flgure 14 shows the totul 1
X number of alerts by all dogs during each test period on (A) live mines, (13) practiee '

mines and distractants, and (C) unidentified targets. Figure 18 shows the number of
lalse responses per kilometer (for u 3-meter width seuarch puth) by cach dog for each
test period (1, 2, 3, and 4) and all test periods (indicated by cireles), The fulse
responses were alerts on practice mines, distractunts, or unidentified turgets. Flpure
16 shows aren sclurch rate (square meters/minute) for cach dog for each test period
indicated by 1. 3, 3, and 4) and all search periods (indlcated by clrele), In Figures
17 through 20 the location of the alerts about mines were plotted to determine
whether or not wind direction had an effect on alert position, Lach fgure representy
a different search condition that is characterlzed by dilferent wind und search diree-
tions lor the four test periods, A compaostte of all alerts was plotted (Flgure 21)
to show their cluster about the mines,  The mapaitude of the alerts at locatlons on
or near the mines s indeated by the helght of the vertical Hoes, ‘The climatie con-
ditions that prevailed during cach day of cach test period nre shown In ‘Tables 1)
through 13.

L DISCUSSION

10, Evaluation of Test Results, ‘The detection performance of the dogs (Flpure
8) during the first test period (Februarv-March 1975 at Fort MeCoy) was poor (11
pereent detection) due primarily to the severe weather conditions that prevalled,
The weather (see Table 1Y) varied from clear to cloudy with periods of heavy snow amd
there was light rain one day, Most of the days were penerally elear, Winds varled in
velocity trom 0 to gusts of about 30 Knots, but mostly wind velocitios riunged hetween
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s 0 and 10 knots, Ambient temperatures varied from about -20° C (night temperature)
" to 1.7° C (day temperature), with most temperatures ranging below 0° C.

The major factor impacting on this test was the snow, which ranged in depth

' ‘ from about 30 to 60 cnm. In addition to the fatiguing effect on the handlers, the snow i
» made it difficult for the dogs to perform effectively; at times they had to struggle :
simply to move through the snow. In addition to the impairment of movement the J
. snow provided additional cover for the explosive odorant to penctrate, thereby pro- ° :
;“‘ viding less odorant for the dogs to scent.?! A day or two after a fresh snowfall, the ¥
y snow surfuce became crusty, This surfuce would partially support the dog, but when . ¥

lie would shift his weight, his paws would fall through into the snow and ice below.
As u result, inu number of cases, the dogs foot pads were cut seriously enough to cause '
_ profuse bleeding, This condition was common among the dogs that arrived at Fort 3
;‘ McCoy in February just prior to the beginning of the test period, but a group of dogs

that had been at Fort McCoy sinee January did not have this problem to any great !

extent, However, one of the carly arrival dogs did occasionally get ice in his paws

which disturbed him, und another dog suffered some loss of skin from his foot pads ]
! due to adhesion to the cold metal floor in the truck in which he was riding from the 1
, housing area to the test site. Possibly as a result of these adverse physicul conditions, ,'5
the dogs frequently appeared not to be working (i.e., they were simply walking back ;
i und forth across the lane with the handler urging the dog on or, in some few cuses,

artially dragging him along). ';1

A night run mude during this test period with two handler/dog teams was
started at 1830 hours but was discontinued belore halt completed duce to difficulties
in staying within the confines of the lane being scarched, the adverse climatic condi-
tions (snow and cold), and the poor search attitude of the dogs. No other night runs "‘
were attempted,

tests (see Figure 13) where the average detection performance was 70.1 percent for
the May-June (Fort MeCoy) period, 67.3 pereent for the October (YPG) period, and
85.7 pereent for the June (YPG) period. The weather conditions during these periods
were vastly improved over the winter conditions experienced during the first test, At
Fort McCoy in May-June, the cloud cover varied from clear to cloudy with light rain
(see Table 11), Half of the days were cloudy and winds varied in velocity from 0 to
about 9 knots,  The ambient temperature varied from about 14° € to 24° ¢ during
test operations, and the soil moisture varied tfrom about 6 to 19 percent. The trees
were in full leal and grass abounded over the test site except in the sand arca and in
thickets,

¢
A
M
Detection performance improved considerably during the vemaining three ;
y

2l Please refer to the discession ot detecton modality in Paragraph 4.

60




v > o TN . T e T T Yy LN o ko ekl 2 e e i e LA
o b A AR itk s W D ” r TR IR, T T TN ERAAT N ¥ R ARl SO -4 P PRV I VR P Y SIPAE R SER N
- caad LA oot T ORI SN Sl DD AU AR RPN . A K .
. b . o T why A R L itV = Wt - - ;
ol

At YPG in October 1975, the weather was mostly clear (see Table 12).

Ambicnt temperatures ranged from 15° C to 34.4° C during the test operations. When

the ambient air temperature reached 34.4° C, the ground temperature was found to be

49° C., During the morning hours, the relative humidity was often about 65 percent,

while in the afternoon, it was in the 30 percent range. The soil moisture averaged
about 1.3 percent on all occasions,

Even at the most extreme high temperatures, the dogs never appeared to
become extremely uncomfortable., However, after working a run on these hot days,
P o which required about 40 minutes, they appeared to be quite thirsty. The omnipresent
: dust in the area did not appear to affect the detection performance of the dogs
adversely, which is somewhat surprising, especially if one accepts the premise that

olfaction is the major sensory modality.

At YPG in June 1976, the days were clear and the ambient temperatures
varied {rom a low of about 21° C in the mornings to a high of about 41° C in the
afternoons (Table 13). The relative humidit, varied from 22 to 46 percent in the
mornings and 23 to 39 percent in the afternoons, the wind velocity varied from 0 to
20 knots, and the soil moisture averaged about 1.1 percent, The performance of the
dogs is seen to be best during this test period (see Figure 13).

The October 1975 tests were run less than two weeks after mine implanta-
tion, and it is possible that numerous distracting scents resulting from implantation
tended to contuse the animals. (For example, mines might have been briefly in con-
3 tact with the ground near the site of implant during digging operations.) Eight months
later (in June 1976) these artifacts were probably non-existent <duc to ground surface
displacement resulting from wind and rain, It is also possible that the effluvia from the
: mines had permeated the soil above the target to a greater extent by June,

AR N e ek U, e 9

S B

h The pertormance varies from one test period to another (Figure 8), and the
! performance of cach animal difters from the others. A statistical analysis of these
, variations was made using analysis of variance methods. FFor the data presented in the
' figure, the analysis of variance is given in the following list (see Appendix):

Source of Variation Sum of Squares  Degrees of Freedom Mean Square
Among rows (dogs) 1.587 14 113
Within rows (dogs) (error) 52,127 45 1158 b
TOTAL 53.714 59 ﬂ
113 :
1158 = (.098 ;
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For 14 and 45 degrees of freedom, F would have to be as large as 1.91 (the 0.05
probability point tor the distribution of F) for there to be any significant difference
between dogs. If the effect of differences among test periods, which are highly sig-
nificant (F = 174.8, and for 3 and 42 degrees of freedom, F = 4,29 for the 0.01 prob-
ability point), is excluded from the error term as in the following list:

Source of Variation Sum of Squares Degree of Freedom Mean Square
Among rows (dogs) 1,587 14 113
Among test periods 48,247 3 16,082
Residual (error) 3,880 42 92
TOTAL 53,714 59 -
then, for dogs, F = %% = 1.23, which for 14 and 42 degrees of freedom is still not

significant, since the probability is greater than 0.05 that the ratio 1.23 could have
occurred by chance. Although the F test indicates over-all homogeneity among dogs,
the difference between two dogs (Casey and Val) appears to be possibly significant.
However, a t test applied to the data on these two dogs shows that there is no signifi-
cant difference between them (t = 1.59). This value for t is much smaller than the
value (> 2.44) required for significance. The absence of significance is attributable to
the large variance in the data from onc test period to another.

A comparison of morning detection performances with afternoon perform-
ances (Figure 9) indicates that although the afternoon performances were somewhat
better, this difference is not significant. For t = 0,155 with 6 degrees of freedom,
P > 0.80. The weather conditions were somewhat different in the afternoons than in
the mornings; the ambient temperatures were higher and the relative humidities lower.
The wind conditions were not very different. The temperature differcnces are statis-
tically significant: the humidity and wind differences were not. Evidently the morning-
afternoon temperature differcnces were not great enough to cause significant variance
in performance. The data show that in severe cold conditions with considerable snow,
the performance was poor as is patently obvious in Figures 9 through 15. (It is not
known what the performance would be in severe cold conditions with no snow.) The
high-temperature environmental conditions that would adversely affect performance
were not realized, and the maximum temperature at which canine performance would
start deteriorating was not determined. Further, it cannot be estimated. although one
would expect physiological limits to become significant at temperatures not much
above those encountered in June 1976.
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The speed at which a dog is worked and extended continuous periods of
work are factors that would have to be considered in addition to environmental factors
in detertaining the limit of endurance.

The data presented in ligure 10 show that diftferences in dog groups trained
and worked under the conditions specified are without significant cffect on detection
performance. Removing the effects of test periods, F = 2.5, and with 2 and 14 degrees
of freedom, P > 0.05. These results indicate that once a dog has been thoroughly
trained to work on a particular scent, he performs equally well during a search with or
without reinforcement. The dogs were maintained in an optimumly conditioned state
either by temporarily interrupting the search and allowing the dog to respond to a sur-
rogate target or by conducting reinforeed practice sessions after the search to counter-
act potential extinction effects resulting from inadequate reinforcement during the
tests,  The dogs were never worked more than one search period (Morning or After-
noon Search) without being reinforeed in some way.,

Some types of mines were detected more often than others (Figure 11).
The M18 was detected most readily, followed by the M19, M15, M14 and M16, in that
order. These data show that when the effects of test periods are removed, F = 13.0,
and for 4 and 12 degrees of freedom, P < 0.01, which indicates a significant difference
in the dogs’ detection performances for different types of mines. The dogs were
expected to score better on the M18 because these mines were placed on top of the
soil surface and in most cascs, a trip wire was attached. However, the snow provided
cover for the M18s and thus the M19s were detected more often during the Feb-Mar
75 test period at Fort McCoy. The plastic-cased M19 was detected more often than
the metal-cased M 15, possibly because the explosive vapor escapes more readily from a
plastic case than from a metal case. The M16 mines were detected less often than any
of the other types. This was due possibly to relatively small size of the M16 (smaller
than M15 and M19 but larger than M14), its metal casing, and the fact that it was
buried deeper (7.5-cm soil overlay) than the other mines.

Just as there are some psychological differences between dogs (although
their detection performances are not significantly different), there are differences
between handlers, and although the dog and handler work s a team, it would be bene-
ficial from the standpoint of developing criteria for the selection of handlers to know
the extent of the differences (if any) between handlers. An analysis of the data for the
three handlers (Cade. Cooper, and Zuniga) who participated in all four test periods)
shows that there is no significant difference between handlers (F = 1.24, and for 2 and
6 degrees of freedom, P> 0.05). The effects of the dogs are not remeved. however, in

determining the F value. Also, in analyzing the data for dog performance, the effects of

handlers were not removed. Some data were collected in a manner that would permit
evaluating the dog-handler relationship but they were inadequate for the purpose.
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The detection performance data obtained for the dog/handler combinations
from the YPG tests are presented in Table 14, Datu from Fort McCoy tests were not
included in this table because a low-performance score obtained in winter by an X-dog/
X-handler team would be compared with a high-performance score obtained under
better conditions by an X-dog/Y-handler team, and during the May-June test, cach
handler worked his group of dogs only (i.e., no two handlers worked the same dog).

There are insufficient data in Table 14 to make a meaningful analysis. Some
data spaces are not filled, and there are not enough data points for the spaces that are
filled. If the data table were complete, the effects of dogs could be removed when
applying the F test to the analysis of handler variance and vice versa. This type of
analysis would provide a better insight into the relationship between dog and handler.
The data available in Table 14 give some support to the F test results showing no
significant differences between handlers. The Cooper-Bretta and Cooper-Ernie per-
formances arc somewhat better than the Cade-Bretta and Cade-Ernie performances;
the Cade-Casey and Cade-Eve performances are better than those of Zuniga-Casey and
Zuniga-Eve; the Zuniga-Warp and Zuniga-Winchester performances are much better
than those of Cade-Warp, Cade-Winchester, Cooper-Warp, and Cooper-Winchester.
The Cooper-Winchester performance is very poor, but as mentioned calicr, therc aic
too little data in this statistic to give it significant weight.

Trujillo worked only two dogs (Rex and Whop) that were worked by
another handler (Zuniga). Trujillo’s performance was only slightly worse than Zuniga’s.
Figure 12 shows that Trujillo performed better than Cooper, equal to Zuniga, and
worse than Cade for the test periods, but this is caused by the smaller number of runs
made by Trujillo during the first test period compared to the other handlers, resuiting
in the third and fourth period data being weighted more heavily for Trujillo. Actually
Cooper’s performance for the third and fourth periods were slightly better than
Trujillo’s and about the same during the first. However, since Cooper made more runs
than Trujillo during the first period, the data for all test periods arc weighted in
Trujillo’s favor.

Figure 13 shows that the dogs alerted on a small percentage of the practice
mines and distractants but alerted on a significant percentage of live mines. This differ-
ence is highly significant and tends to support a common belief that the dogs are
alerting on the cxplosive vapors emanating from mines. There were 1144 false alarms
(i.e., alerts) on practice mines and distractants, with 903 alerts on live mines
(Figure 14); of the false alarms, 879 were unidentified targets, which may possibly be
artifacts from tests of explosive devices carried out in the test areas in previous years.
In two of the four tests (February-March at Fort McCoy and October at YPG), the
dogs alerted on a greater number of unidentified targets than on live mines. The severe
winter conditions in February-March promoted this type of performance. As noted
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carlier in this report, the snow cover was 30 em to 60 em deep, u condition which
would muake the escape of the explosive vapor to the surfuce more difficult, It s
obvious that the dogs alerted infrequently in deep snow operations und the totul
number of alerts is so smull that valid compurison with the luter three tests by difficult,

The large number of alerts on unldentificd turgets during the October test
period at YPG may have been caused by the presence of odorunts incldent to the mine
implantation activitics as noted carlier. Although the dogs were trulned not to alert on
human odor, explosive odors from live mines being butied may bave been depostted on
all distractants including inert mines during the plustation perlod, Pigure 14 shows
a preater number of alerts on the practice mines (109) during the October perfod than
during uny other test period. Note that for the June perlod at YPG, which was several
months after mine Implantation activities had been completed, the numbor of alerts
on live mines increased and the number of alerts on practiee mines, uttractapts, und
unidentificd targets decreased when compared with the October data,

The relationship between alerts on Hve midnes, practee mines, distruet
ants, and unidentified targets for the May-June Fort McCoy perlod e shnliae to
those for the June YPG perlod,  However, the number ol wlerts on practiee ey,
distractants, and unidentified tuepets (which wveraped aboul §/km for all tesls), we
preater at YPG than at Fort MeCoy (see Figure 18) Both ol these slivy were located
in arcas where explosive materials had been detonated fn the past, 10 iy be that
YPG contained more residue from this pust activity than Fort MeCoy, tiereby inls
leading the dogs more often,  There Is no adequate Instrumentution to cheek this
premise, but the concept appears to be valld to the experlenced personnel Tnvolved In
the four tests.

The data for alerts on practice mines, distractants, wnd vnidentitiod tarpets
per kilometer by cach dog were analyzed and Tor o compurison ol test perlods,
o= 18,0 and for 3 and 42 degrees of Treedom, P 20,00 which indleatos u sipnilicint
difference, For a comparison of dops, F oo O3 und Tor 14 and 42 degrees of Teeedom,
= 0,05 which is not signilicant,  Possible reasons for the diference Inowerts for
difterent test periods were discussaed ubove,

The average area search rate for the dogs was 38 ! fiin (Flpure 1o), An
analysis ol variance I test was applicd to these data, For o compurlson ol dops,
U= 195 and lor 14 and 42 degrees of Treedon, 0,05 which is nol stpndflcant, oy
Lest periods, = 1984 and for 3 and 42 degrees o freedom, 1< 0,00 which s hiphly
significant. The slowest search rate occurred during the Febriwary-Mareh period at Forl
McCoy. and this was obviously caused by the presence ol deep snow, Fhe seireh rate
during the May-June period at Fort MeCoy was Gaster than during. the preceding
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period (due to the absence of snow) but slower than during both tests at YPG. This is
ulso logleul since the YPG site contained no vegetation, whercas the Fort McCoy site
contained some areas of dense growth which required more time and cffort for the
dog-handler team (o traverse,  The improved search rate during the June 1976 tests
ut YPG over the preceding October test without working the dogs to the limit of their
enduranee indicates that dogs may be worked at high search rates (m? /min) as long as
the envitonmental conditions are fuvorable to the dog.

Bused upon an evaluation of the plotted data, it appears that wind variations
did not ulter signiticantly the alert positions relative to the buried mines. Over one-
third (34,7 percent) of ull alerts were imade at points where mines were buried
(Flgare 21 The remainder of the alerts were scattered in a near-normal distribution
about the center out to 1§ meters, with 20.7 percent of all alerts appearing on the
approach slde to the mines, 16.8 percent on the rvight side, 14.3 percent on the left
stde, and 13§ percent beyond the mines, For the *no wind” condition (Figure 17).
399 percent of the alerts were in the center, 18.3 percent on the approach side, 13.2
percent on the right side, 14,0 percent on he left side, and 14,6 percent bevond the
mines, When leeward (wind from back) searches were made (Figure 18), 26.8 percent
o thie ulerts were in the center, 20,7 percent on the approach side, 20,3 percent on the
ripht side, 18,2 percent on the left side, and 10,0 percent beyond the mines, When
windwuard searches were made (Figure 19), 31.0 percent of the alerts were in the
center, 24.5 pereent on the approach side, 20.2 percent on the right side, 12.3 on the
left side, and 11.4 beyond the mines, When the wind was blowing from the leit of the
seareli divection (Figure 20), 32,9 percent of the alerts were in the center, 15.3 percent
were on the approuch side, 19,3 percent on the right side, 14.2 percent on the left side,
and 18,3 percent beyond the mines.

From these data, it is seen that, for the leeward search condition, slightly
more of Jhe off-center alerts were on the approach side to the mines rather than on the
leeward side, a condition not to be expected iff winds were effective in blowing the
explosive seent downwind, On the other hand, when the search was windward, slightly
more off-center alerts were downwind as would be expected; and when there was a
lateral wind, slightly more off-center alerts were downwind as would be expected.
However, Tow the *no wind™ coadition and o composite of all scarch conditions,
slightly more oftf-center alerts were on the approach side, Therefore, since there is so
Jittle variation e the scatter of alerts around the center under different wind condi-
tons and the patterns are not consistent, it can be concluded onlyv that there was o
sight tendeney for the animals 1o alert on the approach side of tic mines and that
wind drection had no sigrificant effect on where the dogs alerted.

It mast be remembered that the wind velocity was seasured at a height of
about LS meters above th e pround surtace. A more realistic height would be from 10

07

A it

T -~

P K

Nkt - e . ek s,




LTI £ i it 2l vidieti TR T o Ce e k-2

S S A e e ———

to about 25 cm, a height at which a dog has its nose while searching. It is probable
that the wind speed near the surface would be lower than at the 1.5-meter height, but
it is not known what direction it might take. Possibly, a more meaningful estimate of
the effects of wind on the movement of the c¢xplosive scent from the buried mine
could have been made it near-surface wind velocities had been measured.

PR

11. Comparison of Canines with Other Detection Systems. In an attempt to . g
determine the relative merit of mine-detection dogs, their performance was compared

with the performance of the AN/PSS-11 (a type-~classified production model detector
of metal mines) when used by experienced operators. Performance data for both the
dogs and the AN/PSS-11 were obtained during the same periods at Fort McCoy and are
presented graphically in Figures 22 and 23.

-,

Figure 23 shows the detection performance, by type of mine, of the dogs and
¢ AN/PSS-11 during the February-March and May-June tests at Fort McCoy. During
@ February-March period the AN/PSS-11 performed much better than the dogs in

detecting M15 (72.0 percent vs 8.0 percent) and M16 mines (68.3 percent vs 9.8 per-
~uat), and somewhat better in detecting M18 mines (40.0 percent vs 16.0 percent),
* the AN/PSS-11 was not cffective in detecting M14 (0 vs 6.9 percent) and MI9 J
vs 19,8 percent) mines., §

During the May-Junc period, the detection performance of the AN/PSS-11
for M15, M16, and M18 mines was somewhat better than that of the dog (87.1 percent
vs 76.4 percent, 77.0 percent vs 62.6 pereent, and 100 percent vs 89.2 percent, respec-
tively) but not as good for the M14 and M19 mines ¢50 percent vs 63.6 pereent and
44.2 pereent vs 75.9 pereent, respectively).

ke il ol D

For all mines the performance of the AN/PSS-11 during the February-March
period was 48 percent compared to 12 percent for the dogs. and during the May-June
period, it was 72 percent vs 70 percent. The February-March statistics are a fuir indicu-
tion of the better performance of the AN/PSS-11 during a severe winter with heavy
snow conditions.  However, the May-June statistics are misleading in that the }
AN/PSS-11 would not normally detect M14 and M19 mines.  Some of these non-
mictallic mines were detected during the May-June period because the mietal safety clips \
had not been removed.  (During normal deployment these clips must be removed to
activate the mines.)  None of the M4 or MI9 mines were detected during the
Iebruary-March period because of the heavy snow cover which necessitated keeping
the detecting head of the AN/PSS-11T 30 to 60 ¢m above the mines. a distance at which
the metal clip would not be detected.

I it s assumed that these mines woukd not normaliy have been detected by
the AN/LSS-11 during the May-June period. its performance for all mines would have
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been §9 percent compared to 70 percent for the dogs.  For metal mines, the AN/PSS-11
is generally a somewhat better detector than the dog, but it huas a false alarm rate much
greater than that for the dogs (compare results in Figure 22 with those in Figure 14).

Observe in Figure 23 that the M18 was the only type of mine that was
detected 100 percent of the time in the May-June test by the AN/PSS-11. This accom-
plishment was probably due to the fact that these mines were visible to the operator
since the MI18 is surface deployed. The MI8 mines were also visible to the dog
handlers, but in this-tests o detection was scored only {f the dog alerted. Evidently the
dogs did not alert on these mines on every puss through those test lanes containing M18
mines,

Although the MI15 mines (which were detected most frequently with the
AN/PSS-11) were buried with only about 4 cm of soil cover, they were not detected
100 percent of the time by this unit. Misses were possibly due to the scanning pro-
cedure followed by the operator which left parts of the area unscanned; i.e., the opera-
tor swung the detector head laterally from left to right as he proceeded down the lanes
at about a 4-km per hour rate, thereby leaving unscanned gaps in the area, This
inefficiency on the part of the operator causcs one to speculate upon the reasons for
the less-than-perfect performance of the dogs. It is possible that the explosive scent (or
whatever the detectable aura may be) is present uround all mines, but that the dogs
do not approach closely enough to some mines, becuuse of their scanning procedure,
to detect the scent. Or it is possible that the dogs simply ignore the scent in some
cases. Only a very advanced rescarch program could answer these pertinent questions.

IV. CONCLUSION

12. Conclusion, Analysis of thc data presented in this report plus those personal
observations of the Test Personnel obtuained from the ficld experience lead to the
conclusion that the canine can be trained routinely to function extremely well as a
Mine Detection *“*System™ which is capable of operating in a vast expanse of climatic
and topographical environments,

[

The phrase “extremely well” is ambiguous and subjective, however, and onc
might wish for a more quantitative cvaluation. An attempt at truly objective compari-
son of canines with other minc dctection systems leads to immediate complications
similar to thosc encountered in comparing any animal, including man, with a machine
of similar function. As an example, consider the casc of the metal-detecting AN/PSS-11
as noted previously. While it is likely that the alarm/false alarm ratio for this existing
metal detector may excced the performance of canines in 2 “clean™ area, one must
observe that mine detectors must be used where many types of human activitﬂ( have

-
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usually left the search area vastly populated with metal artifacts. And, of course, the
hostile forces may not oblige the friendly forces by using metallic mines.

Considering only effective target range, the two systems are apparently of
similar capability; whereas, if the number of types of detectable explosive items is
also considered, the canine is far superior to the AN/PSS-11. Both will operate in
hostile climatic environments and are capable of approximately equal area coverage per
unit time and the dog is equal or superior to the AN/PSS-11 in false-alarm performance.

Overall, then, the canine is superior to the AN/PSS-11 as a general-purpose

mine/booby-trap/explosive detector. /
\

The observed performance of the AN/PRS-7 can on\ly be subjectively com-
pared to canines at this time, but available AN/PRS-7 Performance Reports indicate
that the dog would outperform this unit in both detection probability and in false-
alarm count per unit area searched.

Currently, it is not possible to compare canines with other systems on the
basis of sensitivity alone since we cannot state with any degree of conﬁdcn&\c exactly
what the dog is responding to when it alerts to a target. The obvious suspect sub-
stance is some effluence emitted by the explosive device, but the nature of this sub-
stance (or, possibly, substances) is unknown at present. Current research at
MERADCOM is being directed to analysis of the effluvia from all U.S. mines; when
definitive results are achieved in this area, it may be possible to initiate tests with
trained dogs to determine the actual “target™ substance.

While arguments implying canine extra-sensory perception are not scientifi-
cally valid at present, it is equally specious to argue that vision, hearing, and olfaction
are the sole modalities of detection. It is valid only to state that some subsurface
anomaly unique to explosives devices is readily sensed by the trained canines. 1t would
be highly beneficial to future detection programs if ongoing mine effluvia investiga-
tions are carried to fruition in this area of research, since then the existing canine train-
ing protocol can be modified to address the specific mechanism of detection instcad of
the rather broad-spectrum trcatment currently necessary.

A major factor in determination of the relative merits of canines as mine/
booby-trap/explosives detection systems concerns the operational topographical

environments—witieh the detector can tolerate and still function in a ncar-normal

fashion. In this area of consideration, the canine has absolutely no peer. There is
presently no single physical system which can function normally in locations such as
on and ncar metal bridges, in and around buildings (containing virtually any substance
in addition to the explosive target substance), amid any population, in and around
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vehicles of all- descriptions, along railroad tracks, on both deserted and active metro-
politan streets, in the rubble of collapsed structures, in scrap metal areas, and so on and
on. The dog has repeatedly demonstrated (during the MERADCOM tests and in count-
less other scenarios) its ability to operate nearly normally in adverse searches such as in
crowded airports, in deserted fields, in aircraft, in civilian automobiles and military
vehicles, along jungle trails, in deep snow, in desert heat, under enemy fire, and in a
variety of other environments.

This great adaptability to the environmental features of the search area .
allow the canine explosives detector to replace a series of elaborate physical instru-
ments and their redundant verification systems. As an example, if one wished to
achieve a high explosives detection probability in an urban area, the detection system
could require, as a minimum, an effective trace gas subsystem (none now exist), an
EM subsystem, and possibly an enzymatic subsystem (under development). This
collection of equipment would be bulky even when reduced to “Spacecraft” dimen-
sions by long and expensive development programs. Further, this collection of appara-
tus probably would not operate in true real time but might require several seconds (up
to 30) to achieve detection, Worst of all, the predicted field service date for such a
system is probably 1990 or later. The canine can presently accomplish the task in real
time with no further development.

Just as there is the foregoing list of search protocols which are ideal for the
use of canines, there are certain search situations where canines would be acceptable
only as a verification system. One such example is the case where wide area searches of
uncluttered terrain such as roads and open ficlds nced to be carried out in minimum
time. Here, systems such as the MERADCOM RIMD System (Road Interdiction Minc
Detector) are capable of greater speed per unit of search area, but there is a potential
use for canines even in the casc of systems such as RIMD. Here the dog could be a
passenger in the vehicle dedicated to this microwave system and the animal could be
useful as a verification device in instances where detection by RIMD was suspect. The
utility of the dog in this service must be postulated until the effects of battlefield
environments on trained dogs are more fully understood.

It is perhaps unlikely that canines would be fully effective in the midst of
active combat where the activity and noisc could possibly lead to confusion or frank
terror on the part of the dog. There are no objective data which either confirm or
rcfute this possibility, and if future canine program efforts are undertaken, they should
be directed toward detection testing under the most rigorous simulated battleficld con-
ditions pricr to eliminating the canine from consideration in this milicu.

In addition to possible use as a verifier system for widc-arca scarch systems
such as RIMD, the dog has a potential value as a back-up verifier system for other
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MERADCOM developmental items such as the enzymatic detection system or a
Nuclear Resonance System. Furthei, it is reasonable to conceive of using the dog in
coneert with the type-classified hand-held units (AN/PRS-7 and AN/PSS-11).

The full potential of the canine as a mine detection system has yet to be
realized, since the developmental efforts were halted by the lack of funds. In order to
achieve the maximum user utility, several concepts should be developed for future
canine mine/booby trap/explosives detectors. These developmental areas are:

2. Remote Control (off leash).
b,  Combat Simulation.
¢, Physiological Instrumentation,

The first area, remote control, is so obviously necessary as to be considered the top
priority item in future canine detector system development. Clearly, at the present
level of development, the handler is exposed to totally unnecessary risks due to
accidental target detonation or duc to hostile fire. These hazards exist under the
required operating procedures since the animal cannot be controlled readily in all
environments by means of hand or voice signals when operated off-leash,

Very brief experiments performed during training (between ficld tests)
demonstrated a remarkable ability on the part of the dogs to adapt toa hastily
assembled remote control system (a miodified model aircraft radio-control unit). In
the interest of handler safety, this crude effort deserves an carly follow-up.

Once remote control techniques have been perfected, the combat simulation
alluded to earlier warrants investigation for inclusion into the “‘basic training” of the
detector dogs.  Should the present fears concerning the adaptability of dogs to full
combat be determined to be groundless, then the animals, in a remote-control mode,
could become extremely useful for numerous explosives detection missions.

Finally, certain investigations with lower order animals indicate that there is
possible merit in brain clectro-stimulation both as an “‘ultimate-stimulus™ conditioning
technique and as a method for minimizing the effects of the battlefield environment on
canine detection performance. This work is highly experimental at present and will be
monitored for its possible utility in canine service,

In brief summary, we submit that the mine/booby-trap/explosives-detecting
camne i its present state of development represents a highly adaptable, high-
sensitivity, high-specificity detection system which is relatively inexpensive, reasonably
durable, readily reproducible, and immediately available!
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APPENDIX

ANALYSIS OF VARIANCE (SEVERAL MEANS)

Statistical variance of a small sample of data is defined as

n

3 , gl (x; - x)?

: ag e
N n-1

¥

where the divisor represents the number of degrees of freedom for an estimate of
variance (i.e., the number of independent deviations from the mean which went into

the sum of the square of deviations from the mean). n is the number of terms in the
sample. g
Analysis of variance involves determining the significance of the difference of )
means for several columns or rows of cither uncorrelated or correlated data. 3
r
: The procedure in analysis of variance is summarized in the following: 1
. i
Source of Variation Sum of Square Degree of Freedom Mean Square 3
- -, : 2 (xy -x)? E
3 Between k rows z (xg = X) k-1 Sl .
s - (x=-xg, )2 ,

Within k rows T(x-%x,)? n-k —
R n-k ,
. . - T (x-x)? “

T'otal 2 (x -x)? n-1 2 (X =X >

n-1 :
i
For convenience in computation, the sums of squares terms are expanded in the
following forms: ]
A
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cm ma o owo? (EX)
Exg=x)?=Zx; - . 1
— _2 :
£ Z(x-xg)?=Zx?-Zxg 1
; a
by - 2
T(x-X)? = £xt- EX
n
R
_ where ' $
2 s o (Zx))? , & X,)? s & x,)?
5 *r T n T n " s
3 1 2 k :
A
i‘ For the data shown in Table 15: :
-
g Table 15. Detection Performance of Dogs i
(Percent of Available Targets)
i Test Periods ‘
Fort McCoy Y PG A
1 Dogs Feb-Mar 75 May-Jun 75 Oct 75 Jun 76
: v
Angus 22,7 53.6 66.7 84.0 i
Apache 17.6 69.0 68.2 81.0 .
Bretta 0 59.0 60.7 87.5 !
: Casey 42.9 79.2 75.0 80.4 :
lf# Duncan 0.9 65.7 560.0 85.0 !
: Dusky 0 81.1 69,2 100.0 )
Ernie 14.8 72.5 66.7 K8.9
Eve 0 73.5 92.3 84,0 )
Quickie 11.1 78.0 05.2 90.5 :
Rex 7.4 78.0 89.5 70,2
. Tiger 8.7 81.5 08.2 84,0 i
Val 13.6 52.0 47.6 84,6 %
Warp 11.8 60.6 524 84,0
Whop 8.3 75.8 72.2 77.8 . \
Winchester 0 04.3 70.0 88,5 |
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Lx, = 20841l }

2 i

E X < 206,824 \J

n i

¥ x? = 260,538 :

T (xp =x)* = 208411 - 200,824 = 1,587 b

: ¥ (x-%)? = 200,538 - 208,411 = 52,127 1
¥ (x-%)? = 200,538 -200,824 = 53,714, i

i

and for these data, the analysis or varianee is swnmuarized as follows: {

Source of Variation Sum ol Squares Deprees of Freedom Mean Square |

‘ Between rows (dogs) 1,587 14 113 }
Within rows (crror) 52127 A5 1,158 i

Tolul 53,714 59 £

I = IIIL; = 0,098 which for 14 and 45 degrees of freedom s not signlficant beenuse j

i
the Fovalue (o the stasdard 1 tables) at the § percent polnt s 2,30, 19 (varlunee tutlo) |
is thie symbol representing the vatio ol two Independent estimntes of the varlunee of
the sume normal populution, “Fhie distributlon function for U lavolves e aumber of
deprees of freedom Tor cach ol the two vaelunees in the eatlo, Tables of 6,05 wid 0,01
| probabllity pohits for the distiibution of F have been culeulsted for deprees of freedom
) values increased Incrementally from 1 to infinlty,  When values of 1 obtalned from
sample data are Jess than the 0,08 < robabliity values shown [n the tables, this indlentes
no slpralieant difference between the semple virlnnevs,

I other words, Hthe caleulated T ovadue I8 the sume or less tha the 1 vadue al the
008 probabllity polnt in the tables, the probabllty s 0,08 or preater that this ratlo ,j
could have oveurred by chunee i sumpling from normal population of kentienl meuns \
aned varianees, and TS concluded st any differences between the varianees are nol
sipntfleant, 16 the caleulated 1 value Is prenter tham the one at the 0,05 probubility
point, the probabllity 1s Jess than 0,05 that the vatlo conld have oecurred by chanee,
and B s coneluded that the difference hetween varlunees are sipndtleant,

IO s desired 1o remave the effecty ol varlatons between columny, tie analy iy
of varlanee procedure Is as follows:

i)
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Source of Varlution Sum of Squares Degrees ol Freedom Mean Square
g - - l: (i“ ".’2)!
L Betweon K rows %Xy =% k=1 kel
R — Y, =%
Betweon | columng (X, =X) }-1 J-
Residual (error) Remulnder oekw)4 | ::”'::"“;d""'i !
‘Totul L(Xx=X)* nel

Using the sume data glven i 'Table 15

— ;
R - ORAT
e oy
Ny - 358,071

‘ [ LY

i (&%) . 300,824

200,548

XK, = X)* 08011 200,824 = 1,587

X (R, =X NS0/ - 200,80 = 48,247

YK~ x)? 200508« 200,824 = 84,714

For these dati, tie annlysls of vacloee s subimarized w follows:

Souee ol Varluton St ol Squue Deprees ol Frewdom Muun Squuie
Between rown (dops) | SHY N R

Between voliinng
{(prrlonds) 4R Kl Fo 8
Resldunl (eron) 3,880 q.) )

Totnl hRNAR h Y

[
*x =
-
]
I e e e e T T e e e e enan . Ty b

R

0 = b which for b and ) degrees o Freedany is not signihieant,
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