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ABSTRACT

1. Prepuring Instituticn: University of Maryland

2. Title of Report: Open field control of dog behavior by reacte

' brain stimulation.

3. Principel Investigator: OStanley 8. Pliskoff, Ph.D.

4. 15 poges, O figures, 1 Jenuary 1965.

5. Contract number: DA-49-193-MD-22G6, )

6. Supported by: U. S. Army Hedical Research and Development Command,

Department of the Army, Washington 25, D. C.

This report is concerned with the development of two aystems where-
by the behavior of a dog may be controlled Ly remote clectrical stimulation
of certain brain structures. The rirst cysvem employs multiple electrodes
vith control by elicited respunees, i.e,, for examplo, stimulution at one
clectrode site produces forced turning while rtimulation at ancther elec-
trode site produces walking or running.

The second system involves a single electrode implanted in a gube
cortit Q area at vhich electrical utimulation has behavioral revard pro-
perties. Stimlntiq: st that site produces forward progression which
can be Bhaped". By employlug the revarding stimulation Loth to encourage
progression and to difrert;utially revard faster and faster progression,
the dog can be trained to follow & “benz” of ctimulation from uny point
in the open field to any other point. This system 18 versatile in the
susaw Shot the exoerimenter exerting control ~ver the dog's bebavior can
st will redirect tne dog to u target area different fram the initial ome.

At present, 'thu avotem 1us limited to line of sight control.
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The busic aim of cont-.ruct # DA-k9-193-MD-2288 is to examine
the feasability of distance control over the behavior of o
"rree rouming® dog. Stecificually, we are concerned with the
problen of developing o procedurv whereby a dog can be guided,
through the use of electricel stimulstion of thebrain. fron
any artitrary point in an open field to eany other orbitrary
point in that fleld. OStimulation is to be delivered to the
dug Ly means of a portable stimulator=receiver unit on the dog

vhich is controlled by u distant trapsmitter.

Finud Solution to Some Persisteit Problems

Our previous unnual report identifisd wuww ,1~*limy, alcug with
some solutions., A few of the problems proved to be illusory;
golutilons to same of the others were inadequate. We will very
briefly review the precent status of owr work in termo of those

problero,

A, The technique of wmounting the clectrode to the dog's
akull, in conjunction with the cap designed to protect
the entire assembly , hes been sbundcned. We experienced
sevuera)l lnstances of the electrodes belug dumsged or
even torn loose while the dog wes in his home coge.
While the plastic cap served to prevent demuge in the
1ield, continuous use of the ca]} in the howe cage vas

not practicnl because of the interference witn tha dog's
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c.

nornul movemento. In addition, we hiad difficulty
wiihointection nround the eleetrode si'.e, since

tac zkin would not henl, While sntibioties were rou-
tlnuly.used Lo control infection, oozing fluids would

en oceasion short the electrodes,

The systom was abandoued and replaced with another

that bas proved to be eutirely adequate. The electrode
is ioplanted «nd the wires Jurt belsiw the pedestal are
bent ut u 90° nngle €0 that the pedostal lies along the
gkull. The connentor is secured to the pedostael, and
the whole assembly is covered with dental cement. The
skin ig then drawn ovor the hurdened cement and the ip-
cision 1 closed. 8Since the electrode in encased in
cemunt, it ia protected fvom shorting; since the incision
i clouved, hoaling occurs, and il , - :-¥"'2{ty ol infec-
tion is averted, The connecic .cads nre pagsed sub-
cutaneously along the dog's neck and Lrought out between
the shoulder bludes where thes are fastencd to & perman-
ont dog herness. The entire system has proven to be

quite sutistactory.

The social tendencies of the dog in general, and the
reaponne of the Besgle to punishwment in particular, has

not proven to de a problem of any consequence.

‘The clectrode placement bas coptinued to be reliuble in

providing positive reward offects upon stimulation. The
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coordinates (sterectaxic atlas by Lim, Liu, and Moffitt)

are AI' 20, L 2-2.5, v 7-8.

The portiable stimulutorereceiver unit and transmitter
desipned and built for us Wy WDL {formerly: DOFL) has
been abundoneds As suspected previously, the units

were never in satiefactory operating condition.

In order to obtain the necessary equipment, wo contacted
£ locu) orpanizetion, Lewis ..\ssocintm;, Ine, of Bethesda,
Marylund, representing Gulion Hedical Instruments,
Willow Orove, Pennsylvania. The unit was designed in
accordamnce with cur specificuations. The stimulator
output was o 100 cps sine wore, vith adjustedle pesk~to- .
peak voltage, the maximum oeinz 18 V. After delivery,

[} nnlmnctlo_n develcped, and the unit wus returned to
the manufecturer, The malfwnction was corrected, end,

at the sume timc, the powe.s output wus incroused to 50 V,
poak-to-peak. The unit is presently functioning well,

and it represcnte our first usadle device.

In our previcus report, we stat 1: "Since the control

of behevior can i resolved in  argc measure to the
problem of gtimulus control, we are undertaking o series
of stisuiup genernlizetion aud discrimination studies,..."
That work, predicated on the zpsumption that free field

control of the dog's behavior would involve a sevies of
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stimulus comrands, eech Cuing & resporse such as
walking, stopping, turning, etec., vas tvegun., The
setting for that work was staniaréd dog chazbers fite

*

ted with pew=-press menipulanda,

mlieneous vith the vork oo stbim‘::us cortrol in the
3o, ve begarn to sxplore 2 éifferez’»: procel:lv.tre fer
guiding the free roszing oveznirm. Instesd of Aiserete
stimuif {such ag tone, clickes, guniet) emarting costrol
over iigsrete reedcmses {such 27 stop s;é ‘s::vmdv, turn,
walk) we comenived of & "homine besr” teshnfouve in which
a given 2lickear frecguency var acrvelnted with she expe_z-i-

Menter~choses Srecking peth. TNorietion Zrom the path by

the doe wold result In a ehange in clirker frecuency,

‘The Aog would ther Rews 40 meturn <o the Dotk by altering

iiréctim ef lucomition 80 #35 “n relagiefin the “vveapath
clicker frejuency. ™ rermealsfion Toftozcn S adednige
tratice of revarding drein stizulztion oud the series of
clicker freguencise veg omex %20 corjectire, é:xd +he dest
solution was to be empiricelly etsrmdned. Ve began by

copstructing < rst analogve 20 thr hairg decm srstenm.

cn

An open field, srwprovimately
pn overheod palley end spri=ng evcien was dewieed 10 thet
eleatrods 2rads 2onld de siteshe? 4o g rot whils naveliis

tinr him fres sscase 40 all partz of 4he field

S ey

™

x § faet, was coretricted,

[

B et
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spenker, Ly means of which nevernl clicker freguencles
conld b preaented Lo Lhe rat, vas instulled over the
open Tfields A trrget consisting of coucentric rings and
o bull's eve was protfected onto u mirror in which th?:
experimetter could sec the open ficld. Each ring of the
turget was correlated with o preset clicker frequency,
lowest in the outermust ring ond higheat in the bull's
eye. As o first approximution to a corrcletion between
performence in the open field and rwardins. l;rai;i stime-
lation, we arranged for bursts of rewarding stimulation
to be Jdelivered to the rat ot the samo frequency ac

the clicker. Thus, if the rat were located, say, in a
ring which was fuentificd Ly & clicker freyuency of one
per sec, then it would recelve one burst per sec of
etimulution, 'The outermost ring nroinsed a clirker and
stiwulation frequency of one por 2.9 sec, Beyond that
rine, the Irequency vas zero., In order to obtain a more
lavoruble frequercy of ctimulation, tho rat had to find
the direction along which locomotion would dring him
closer to the éxpcrimntcf'u bull's eye. The target,
and, hence, the location of the Lull'’s eye could he -

chauged from t1rial to trial.

Inring Lhe course of training ¢ rot in this gltuetion,
ve manipuleted oome of the parmmeters of stimulation in
order to explore thieir effectn, We discovered that by

setiing ench burst ot about 200 moec end providing for
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e frequency of three bursts per sec, sn intensity of
stimulaticn «;.ou.ld be fcund for each rat that would
produce forvard progression. Waen the stiruletion

vas turned of?. progression cessed. The rat mld
*her move his hezd from side to side ir what.we wvould
characterize 2s "seeking” debavior., Vhaen the stimilation
ves turnel on mtein, progression weuld degir snev in the
direction fn vhich the ret's head wes pointins at the
onset of stimilstion. 7Thus, ihe clicker wves discens
nectad, and ve develcrpee-.' the nev tecknisue, Vith spch
rat that ve tested, all of which hod positively
revarding =lectrodes, ve were shis to guide the rat

from any Tolnt iz the open 21213 %0 smy cther br the

arocadure vhich vill now be stated axplieifly:

1. In the adsence of 2timletion, the et ecends 4321 cnd

moves his hesd {and, nometipe~, the forwerd pert =f his

bedy) fro® side 2c side “scoRins" 4he ffrecstionm.

2. When the rav iz fecing ir the diveciicz af the terges
point in the open field, the stivistion i3 turmed em
and delivered ix the fars of 200 msec traize, Shree

guck trains per sec. The fnwverisdle rermomge of the

[

vet is to loconede {1 the Airesiion in vhiek 34 vae

faciag vhen stimlation was 2amed om.

3. I7, during the course of locersiicn, She ret rirers frem

“le path, or i tde Qirection was 2Ot precigelr on

e

terget, the ctimdation is turped off, and eien 2 is

-6
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repeeted, followed, if necessary, by ster 3.

Tﬁe next sten was to detérmine if the. mt. could be

guided cver obstecles in the field. The field was diﬁd?d -
into nine aress by lengths of 2 x 2 w»od placed on tze fiocr.
There were no difficultiec encountered, and guids.f}ce vas
positive, PFinally, the dersiess wvers repoveld, a::xd the field

wes Closdod Ik weter 45 e depth of £ iz, mudmum, A

1
—

platform was instelled In ome cormer of ¢hc field, By the
use oF the adove proccdure, it wes pazcidie to move the ret off
the platforz and "svin” it te any roint in the field. The

control ovar swirming is {-portent In tvo Tespects:

1. Svimeing i2 not o "retelixe™ dehavior. Thus, the field
centrol exevteld by pesitively ~einforeizy brais stimu-
lation is sdequate S0 mainisic behavior vemane:, for the
species, |

2. Sriminn involves mowemente (If%ferord from running.
Thue, the progression obbtelaw? 4° o Iy surfoce etnnot
Ye ccusidered to de eiic:te:'-. mysele sovemrenta, It
appesrs Lo be, wether, s genu’ne Tannvosek’ hohavior
uader the saptrcl of s poettive feintorcar. The vord
spomoach ie in quotes. since tus roiaforerr &x poe "owt

shere” Tut the smimal bebawe: 2z Shoagh 1t wers,

. T« aorlied the rrocedu—e dovelsred with rota to cur Zogs.
Becerse our irtanse stismletar gz s8iZ1 h=ing meag-

fa~tured, it was necessary to emloy a "divect line”

-3
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Boeemnrt, WoLa Gl crnonen e e L, W
wvepstodeted o foneed aeesn, shont 18w U Soet, dno b
L]
(398 %, g o s
Plela wiieining the laborniory. An

~ecuriod u yieee alcngside the enclosurs. Twe importnot

’
s 2ults wers odtuined with this nrocedure:

H Irnloying & dog with o gsingle, ponitlers roinfercing

charscterized, howaver, dv mrreinl new overents gad
] H [O 4

sten by part stey walking,

mee recaived, the portable etlmisbor wnc substitubed °

far "airect line"., K11 work sirce thep empioving fesitively’

- A &

rauerdine electrodes has heen dohe with the vorteble stimulater-

Gnlt uae

mressmlthed by tarying the raremetors of stismlabise fintensly
ototihe 300 ensy
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n "WUeorrmuized” respouse copsisting muinly of e backing

movement. Al the proper intensity (AO0 microsmreres), Sam  moved

forsurd ot stimuletion. Frequency, or how often stimulstion

was delivered to the dog, was an essenlial varieble in over-

eomirg the hesitant, step by step progressiou. Stimudating

the dog less often increased the rate of locomotion,

N

Peploying dogs with several electrodes implanted per dog,
some aimed u‘: positive reinforcemént sites und others
aimed st nepative (or eversive) reinforcement sites, in
con.)bnction with “direct line" connection to the stimu-
lators, we devised g second method of control. This
method cennot be used with our portable stimuletor inus-
mach as more thas r single chnannel of stimulation is
required. In addition, somewhat higher intensitles of
stizmlation are required for this methnd than Ve

available with the portable stimulstor.

This second method involves e¢licited responses., Some,
but not all dugs with several electrodes have a
combingtion of electrodes such that by stimulating
through them in sn appropriste sequence, the dog may be
roved from any point in the field to any other point in
the field. The ruoponses produced by stimulation are
such as head and torso turning, running, stopping, etc,

These responses to stimulation, in contrast to t.hése

-jroduced by lower level stimuiation through s rewarding

vlectrode, have the choructer of involuntary, rellexive




behavior., Some are difficult ic choracterize, however;

runuing sometimeo seems to be escape dehavior, perhaps

it

voluntary,

D. A comparison of the two methods muy be mede ss follows:

GOl o T

1. The single, positive electrode is a cne-electrode

2=

e s system, whercas the elicited behavior techuique
.. N h requires more than one electrode.
2. lower levels of stimuleotion can be used with the

positive electrode system, It may be possible to

ST W T

a i e sl
S L.
| ¢ .

reduce the required level of stimulation for the
miltiple electrode system by using other electrode
placements.,

3. The humen observer would characterize the behaviors

; obtained with the two sysiems in very different temms,

The system exyploying a single, ﬁositive electrode

produces "voluutary” behavior of a tracking secrt.

The animel literally kecps his nose to the ground

as though sniffing out the reward, The system

employing multiple electrodes often produces "ipe

voluntary” behavior reflexive head twrring and,
sometimes, backing un are esarples In the former
system, the animal seems drawvn forverd; in the latter,

‘ ' pushed forward.

i. ‘ 4, The single electrod , positive reward system seems to

produce a greaster homogeneity in the final performsnce

i than the multiple electrode technigue. In the several

- 10 =
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dogs trained with either of the two techniques, the
dogs with “ac singlc elnctrode are virtually
identical in t.ﬁeir tracking rerformances. With
the multiple electri«in technique, the several dors
are remarkably different inacsmuch as different
reflexive regsponses are used to move and guide

the doga.

5. To date, the second method employing refiex
elicitation, moves the dog from the starting to
the finish point in less time, Whether or not the
second method can Ve improved in this respect is an

experimental question.

The single, positively rewarr‘.'.u;, ~lestrode systea has
been used in the large, open field, After initiael
adsptation to and training in the procedure, the dogs have
been permitted to track in a large open space, The
experimenter stands near tlo treosmitter with the
operate switeh in his hand, The dog is placed in the
field with the porteble stimulator-recciver on bis back.
The experimenter tiaen chooses some arbitrary point in
the field a5 his target polnt. By stimulsting the dog
vith short burets, ocomotion is produced. If the dog
deviates from the desirad path, stimulation is stopped
until the dog is facing the target point, at vhich tinme
stimulation is recommenced. Ye have been able to move
S.m from say point in the field, through a predetermined

bath, to sny other point iu the field. The pradetermined

-11 -
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puth mey Le on a direct line or a zig-zag with in-

termediate :subtarpgets.

A szcounl dof;, Leroy, hus received the same training as
Gnm end has also been tested in the large, ovpen field,
Ve have obtained the same results. Leroy will track
from any given point in the field to any other point
in the field. Control is positive, aud the topugraphy
of his behavior, as indicated above, is wvery close to
that of Sam, A third dog, Huvie, is finishing the
preliminary stages of training in the emall enclocure,
and his performence to date indicates that he will
pexrforn eusentially as do San and mﬁy. A fourth
dog, Runt, is beginning preliminayy; Lraining in the

fenced areas.

Data

Until now, ve have been concerned with quulitative
cénsiderations. Our successes and failures have been
measured in terms of clear Yes and No ansvers to
straightforvard questions, With the development of
the control system, and the success in its use, we are
devioing a quantitative syster in order to evaluste
gerforxance among the seversel dogs and the resulis of
tI' manipulation of technique parameters within the
single dog. A quantitative technique, even one as crude
as running time in feet perlsecoud frou starting point

to finishing point, would permit fliner discriminations
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arong, the performunces of our dogs than we have been

called upon to make until now,

The research described above hus been doucumented by
meany of photographs and moving pictures., Those date

will be included in our final report,

Summury and Conclusions
~ This réport describeu the dovolopment of tvwo techniques fer

the control of dog behavior in the field through the use of
renotely controlled brain stimulatiun. The first stage of
the reseorch focused on the development of open field debavicr
sontrol with o liver and experimentslly more convenient ore
ganism, the rat, Several early methods for the comtrol of
wovement in the rat, using auditory stimuli as cues for
correct and incorrect movemwents in the {112, v+ wycouluing,
However, wve discovered that at certein intensities and
freyuencies of brain stimulstion "automotic walking" ocourred,
This wrlking behavior was shown to be ol her than simple
reflexive or elicited wulking, since the animals would climbd
over barrierc or swim through watoer during the applicstion

of brain stimuletion, Dy Judicious application of the drain
stimylation, movement from one point in the field to eny

other point was rapidly achicved.

Uaing the technigues developed with the rats, we turned our
efforia tovard the control of dog behavior in the field. Two

methods were developed. The first method (using direct line

.13 -




stimulstion) involves allcrpate stimulntion of two electrode
sites. Stimulalion of eneh electrode produces an elicited
motor effect, e.g., turning of the body or forward movement.
By selcetively stimulating ooe electrode or the other,
produciag turning movements or forward movement, we are- able
to move the dogs from one point in the field to any other.
The development of the second method colncided with the
dclivery of our Tirst ussble disiznce stimulator. (Operation
of a trasmitter triggers a smnll stimulator carried by the
dog in the field.) Iﬁ this method, ve \;se the positive
rewardlng effects of brain stimulation. A single electrode
in this case is ~imed at the median forebrain bundle, Waen
the animal walks in the correct direction (toward tbe.target)
revarding brain stimulation is given., When the animal walks
in the wrong direction (eway from the turg~t! brein s4imu.
laotion 1s withheld. By careful dolivery or withholding of
brain stimulation, delivered remotely, we can control the
movezent of the dog from one polint in the open field to another.
We are currently working on the development of quantitutive
methods for measurament of performence in the field. ™This
will permit us to compare the effectiveness of different

electrode sites and different treining methods.

These resulis demonstrate the T¢ 8ibility of controlling the
movement of dog® in an open fleld by ihe use of remotely
contruvlled brain stimulation. PFuture work might center about

1) the development of control methods where the animal is out

- 1% -




of the line of sipht of the expurimenter; 2) the development
of u repertoirve of behavior: in nddition to welking; for
oxumple, Mpehtine, digring, voecnlization, etc,, with eAch
separnle behavior under the control cff the cxperimenter by

means ol remotely controlled Lrain stimulation.

Some applications cf the methods of control demorstrated herc

can be sugpested: 1) inspecticn of aress dangerous to man;

2) rescue work, where an animal carrying supplics can be
guided to survivors in incccessible ox" dangerous aress; 3)
with the development of microminiaturized equipment that cen
be buricd beneath the skin or in the body cavities, dogs
cu;rying microphones, radiation deteciors, or other electronic
sensors, might be used for certain limited types of recon-
naissance; U) carrying exposed TV cameras these animals

mipht be uged for surveillancc of forward combat areas, or

detection of embush, vts,
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