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This r:2port 18 the final report dcacrib%ng the development and test
of an Electronic Dog Handler system which remotely monitors aund controls
the movements of a dog.

‘The system consists of a control unit held by the operator and a
remote unit carried by the dog by means of a harness  The control unit
transmits cou. 21 tones (change direction, down~stay, and recall) to the
dog and provides instantancous readout of the dog's heading, actions (sit,
stand, or motion), and range and azimuth with respect to the cperator.

The remote unit recelves signals from the control unit, producing audible
command tones for the dog, and transmits heading, action, and .cange data

back to the control uni. for processing.

-




2.0 INTRODUCTION

The Eleetronic Dog Nandler System i8 a brassboard system guitable {for

use in Lleild

demonstration and evaluation,

The equipment was decigned to meet the followlng requirements:

CONTROL UNIT

1. The
800
1)
)

(2)
3
(4)

control unit will transmit signals over distances of =t least

meters to cause the remote unit to emit the following audio toncss

400 Hz 3awtooth

800 Hz Square Wave Modulated tonce

2000 Hz Warbling tone

> control unit shall provide readouts that will clearly display

following information:

Nist-nce in melcio liom handler to doy
Azimuth of dog with re¢spect to control unit
Dog Heading

Action (Sit, Stand, and Motion)

REMOTE UNIT

1. The remote unit will transmit signals over distances of at least

800 meters to the control unit to indicate unambigucusly the

tfollowing actiurs of the dog:

(89
(2)
)
%)
(5)

Sit

Stand

Motion

Compass Heading

Range

e+ e e — St @
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2. The remole uwonit will process the thiee control tones
and provide an audible tone digcoernible to the dog.
Mechanical Desigr
L. The remote and contvol unit will be of minimal size eoud
vedpht,  The we'ght of the remote utat will be belew 3 nounds,
2, The vemore undt will consist o1 two sopiirate units which will
mount saddle bag fashion ou tle deg's tck.
3. Both th remote and contral unit will be battery povwered with

an objective battery life uf 8 hovrs,

3.0 REMOTE UNIT QPERATION

Figure 1 is a block diagrvam of the remote unit and should be refcrred

tue during the folloving discussion of the rewdte uait.

3.1 Remote Unidt Receiver

Tae remote unit recelver is an FM receiver vhich is tuned to the
same frequency as the contrel unit tranemitter. The received signal
(143.8 M) and rhe transmitted frequency (138.2 M) in the remete unit
are process.d in the diplexer by extremely narrow-band low loss tilters
Lo prevent interaction of the two signals from degrading (ne performance
of either the transmitter or the receiver.

The received FM signal is then amplified and converted to a 10,7 Mz
IF signal by the RF ceceivers The local escillator for the R recelver
is crystal controiled to ensure stability.

The 10,7 MHz signal 1is further amplified by the IF strip end then
the cacrier is removed by the frequency discriminator., fhe output of
the frequency discriminator 18 a composite signal which consists of

the three control tones and the 50 KHz range signal.

-EIP-VA-AAA;ii
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3.2

3.3

Pomote Untl Contiol Tounes

The output ol the frequency afscriminator s oaapiflie. to o
proper level and applied to the speaker 1o produce the three audi® ..
contrul tones. The trequencs response of rthe sapeabor 18 nol hro
chough te produce a 30 KHs tone audible b the ace.
Remote Unit Range Preouessing

The output of the rriquency discriminator s al- v appiles L1
50 Kz bLundpass tilter which separates the 5% KHe rangs sigarl trop
the composite trequency discriminator vutput. This 30 Fhz signat s
ampli.ded and then modulates tic trangmitted s1gnai. A piase g iatar
clrcuit on the first dooblor in the trunsmitter 18 used to modul.ite
the 50 KHz onto the transmitto! sfenal., Phise modulation fs necigs.ary
due to the bandu. th limitations ot the trequency medaliror csol oo
the remairi{ng remote unit trnsmitted signals.
Remotce Unit Aciion rrocessiug

Action (vit, stand, snl motion) indicatfon s proviuve! by Twe

mercury switches., when the dog 1s in the sf ting positica, the merciry

swltiars A oren and oo fuoloatron srgnaic cire transmateed to the
contror anit.  when toe dog stands, the sit-stand meresrs gwith cloer v
and ensbles 1 ,.,8 WMo slgnal to be transmitied to the controi g,
When the Jdog 1s in mutron, the wotion mercury switch apens -no clicses
as the dog muves. When the maotion swiren 15 (lesed, ~ 5,0 KM sigral
i5 enanbled and this siynal s transmitted to the contrcl untr.
inteyrator {s pliced in the 5.t KHz cnable circulfiy to prevent vupl:

tluctuations between stand and motion fadications ia the control anit.




3.5 Rumote Unbt Compass Processing !
The corpass to determive the dog's beading is a fludd-filled
clectronically driven flux gate compass similar te the compass uscd ;
on the AN/PSN-7. The compass has three windings - 2 orthagounal
scase coils and o drive winding.
The drive winding is driven by 4 crystal-coutrolled 4 Kl squigse:

wave. This & Klle drive waveform is filtered, buffered and wmodulated

onto the transmitted signal, This 4 Kl drive signal is used as tho
E local osciliacor in the control unit aecaaing indicator phase delector

i circuitry. The outputs of the canpass 're two in-phase 8 KHz siue

waves whose amplitudes arce proportiounal o thc product of the earth's

magnetic ficld streagth and the cosine thic angie betwveen the cariht's

ficld and ecach sense coil. Because of sensce coil orthugonality, one

outpnt varies as the sine, and the other as the cosine of the heading

angle, These outputs arv clectricaliy shifted te be 90° out-of-phase

|

with each other, added, and filecred, The resultant is an 8 Kllz sine
wave whose amplitude varies only with the carth's magnetic field strength
and whose phase varies with the he
3,6 Remote Unit Multiplexer
The sit, stand, motion, and compass signals are combined into a
composite signal by the multiplexer . the 1F strip. ‘The multiplexer
weights the various signals to provide the proper modulation index for
cach signal and provides » low impedance output to drive the transmitcer

frequency modulation circuitry.
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3.7

Remote Unlt 1. ansmitter

The remetc unit ttansmitter Is o cvystal contvelled M (rancmitter
with a power output ot 1.6 watts, The transwmitter clveuitry freqaency
modulates the composite signal from the multiplexer onto a gcariie:
whose [requency is the transmit frequency <8, This frequency 18 crystad
controlled to ensure final output frequency stability. As previously
discussed, the range signal is phasc modulated onto the carricr at
the first doubler stage.

The traunsmit cavrier =8 is multiplied by 8 in a ceries ol three
frequency doublers and amplified to provide the proper power and

transmit frequency for the antenna,

4,0 CONTROL UNIT OPERATION

Figure 2 is a block diagram of the control unit and shoeuld be reterred

to during the following discussion of the control uwait.

4.1

Contvol Unit Reeelver, Transmitter, and Diplexer
The operation of the RF recciver, IF strip, transwitter, multiplexcar

.
b

. P R S e ~ i
dluu Grpivact 15 Gic a4l 48 th remoto anit

o mete unir, The enly difference is
that the transmit trequency is 1673.8 M. ard the received signal tre-
quency is 138,2 Mz in the control unit., Note that the control unit
transmit frequency is l43.8 MHz and the remote unit receive frequency
is 143.8 Miz.

The vemote unit transmit frequency is 138.2 Mz and the control
unit receive frequency is 138.2 Miz, The use of differcnt transmit
and receive frequepncies in the sume unit with the diplexer to isolate

the receive and transmit frequencies allows two way CW comnuuication be-

tween the two units.,
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FIGURE 2 Control Unit




4,2 Coutrol nit Aziwuth (Oirection Vinding)

- Dircction {inding capabildiy 1s provided i the control unit by
the use of two ant¢nnas and a sum and difference transformer. The
recedved signals from the two antennas go to a suwm aud difference

transformer. The sum of the two recelved sigrals goes the normal route

through the diplexer and KRI receiver, The difference signal is filtered

to remove the transmitter frequency and amplitude modulated by a 2 Kie !
aignal, clectrically phase shifted 90° with respect to the guwm signal !
and then recombined with the sum signal. ‘This processing converts

the AM difference signal to an FM signal which can be processed by the
rccelver,

When the plane of the antennas is perpendicular te the received

signal, the received signal strength in cach antenna is equal and the

; difference signal is zero. As the plaue of the anteunas is moved

away from perpendiculay, the received signal strength in each antcnna !
ls no longer equal, and the difference signal is a quantity proportional :
i

to signal strength difference between the two anteneas,

L Tha diffarcncn eional e
2 ife CciileoTencl Bl enTa %

above and the resulting output from the frequency disceriminator produced

by the diffcrence signal is a 2.0 KHz signal proportional to sigual

strength differcnce, This composite signal from the frequency discrimiuator
is filtered to remove the unwanted corponents from the 2.0 KHz sigual and
this 2.0 KHz component 1s detected, This detected output is used to

drive the azimuch indicator meter. Therefore, a null on the azimuth {a-
dicator meter indicates the plane of the antennas is perpendicular to the

remote unit,




4.3

A

Control Unit Range I'rocessing
The composite signal from the frequency discriminatcr is ampliticed
and sent directly to the range phase detector, The range phase detector
will prucess the 50 Kz range signal and reject the remaining sipnals.
The iuncoming range signal is phase detected against the 50 Klz
Control unii signal and the resulting output from the phase detector is
a D.C. valuc proportivnal to the phase difference between the two 50 KHz

signals. This D.C. quantity is used to drive the range meter and rrovide

Contyol Unit Heading Indicator

Two signals are used to process the beading information. These
two signals are the 4 Kiz drive sipgnal and the 8 Kz composite headirg
signal. The composite oucput from the frequency discriminator is
filtered to remove the unwanted signals from the 8.0 Fiz signal. This
sigrnal is split into two components and one of these components is
electricaily phase shifted 90° with regpect to the other,

These two signals are phase detecred against an 8 Kz square wave
rcference, This 8 KHz square wave reference is derived from the 4 Kz
drive signal. The 4,0 Kilz drive signal is separated from the comnosite
frequency discriminator output by a narrowhand filter. This 4.0 Kz
signal is doubled in frequency and converted to a square wave to pro-
vide the 8 Khz square wave reference for the phase detector,

The outputs of the two phase detectors are two orthogonal components,

cast and north. These outputs ave D.C. values whose magnitudes represent

the sine and cosine of the two heading angles. These D.C. voltages are




uged to drive two orthogonal coils ir +t+he headiup readout device to ‘

glve a 360° instantancous iundfcation of dug heading.

TETTT TR

|
4,5% Control Unit Action Processing E
‘ S5it, stand, and motion indlcativus were combited into a sgingle ‘
E readout meter (o reduce the number of readouts which the operator wmust ]
} use.

]
|

Two signals sre used to indicate the three necessary functions. A “
|

2.8 Kz signal is used tc indicate sit-stand and a 5.h Kilz signal is

used to indicate motion, When the dog is sitting, the 2.8 Kz signal \

is not transmitted by the remote unit and the action meter will

indlcate the dog is sitiing. When the dog is standing, the 2.8 KHz

signal is travsmitted by the remote unit. The recelved 2.8 KHz signal

detected,

This detected signal is weighted into the meter to indicate

1
is separated from the composite signal by a narrow band {ilter and \
!

the dog i5 standing. 1
I

The 5.9 Kz zignal is transmitted from the remote unit ouly when

the dog is in wotion., The received 5.6 KHz signal is scparated from

!

B
the composite signal by a narrow band filter and detecrted. This ]
¥

detected signal is weighred {nto iire merer and summed wiih the stand

indication signal to provide a motivn indication,

4.6 Control Unit Control Tones

- TR § PO G AT R

hree tones are used to control the dog:

{1) Change Dircction - 400 Hz sawtooth

(2) Down Stay - BOO Hz tone keyed at 50 percent duly cycle

at a rate of approximately 5> lz
(3) Recall

~ 2000 Mz warbling tone




5.0

These ihree toaes are activated by pushbuttons on the control
uniit. When activated by the pughbutton, the control tone 8 sent

to the multiplexer for fraquency modulation onto the transmitter.

SYSTEM IMPLEMENTATION

The design philosophy existing in the early stapes of the contract
involved maximum usc of axigting technology (compass an. compass processing)
and of commercially available transmitters and broad band reccivers.

Scveral methods of two-way communication between the remote and control
units were considered. The bandwidih nccessary to process the 50 KHz ranging
signal was far in excess of the bandwidth which can be achieved iu commercial
RF receivers. This bandwidLl: vrestriction therefore prohibited the use oi
pulse techniques, Time division multiplexiung was also considered. However,
it was felt that time division multiplexing would result iu excessive
complexity and would also adversely affect speraiional flexibility,

The diplex mode of operation was chosen as the least Jdifficult path,
This meant a low loss diplexer with 50 to 60 dB of isolation berweecn the
Algo involued
in this decision was the neceseity of electrically 1solating the receiver
circuitry from the transmitter circuitry.

5.1 Receiver and Transmitter

Seven manufacturers of walkie-~talkies were contacted in an effort

to find the one most suited to this application. two of the manufacturers

12
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had no units which could be tuned to the 133 to 144 Mz band, two
more manulactuverd had unita which requived supply voltages io cxcegs
of 12 volts, aud two manufucturcrs declined to quote.  The remaining
manufacturer, E, ', .Johason, was selected, therefore, primarily o the
basis of its 12 voll compatible design.

The E. F. Johuson transceivers were purchased in pairs to communi-
cate in one direction on 138.2 MHz and in the cother direction on 143.8 Mie.
These units were found to have a maximum vange of 2 miles in the normal

» simplex mode.

Virtually all components of the E. F. Johnson Lransceiver were
rlaced on one large printed circuit board. However, only the transmitter
and the BF "{ront end" were useful. These two circuits were carefully
cut away frow the board for pachkaging in individual Lrass cans. As it
turned out, the transmitter was designed for intermittent duty and

consequent.ly failed due to temperature rise when operated continuously.

This problem was solved by heat sinking the lasz doubler and final
amplifier to the brass box.

ne reagon for the severe tempera ture 4

toemperature problew was ihe poor
efficiency and relatively high power output of the transmitter. The
transmitter has an RF output of 1.6 watts with a battery load of 6.3 watts
(25% efficiency)., With this arrangement battery life will be limited to
slightly more than 4 hours, or half of the design goal,

Tests with the transmitter revealed that {he bandwidth of the

frequency modulation circuitry was not wide enough to properly modulate

the 50 KHz ranging signal. 7his problem was finally solved by applying {

¥ ¥y

~ -
P

— e




the 50 Khz sipnal as phase woedulatjon to the tuned civeult at the ovut-
put ot the tirst doubler.

Te mintpize the nuwber of batterics necessary for cach unit, it was
decided to use two grounds in the system - one fer the rccerver and
transmitter and one tor the processing circuitiy. Wit this scheme the
neceessary voltage could be achieved by the use ot two six velt batterices,
Howuever, Lhis scheme also meant that one ground would tloat with
respect to the other. The decision was made to 1loat the receiver and
transmitter grounds within their brass cans, While the effect of this
grounding scheme on performance was never determined, it is generally
agreed that the fleatiug ground should be placed in the tow frequency
circuits so that good prounding practice may bhe used in the critical high
frequency circuits,

1 Strap

The original . F. Johuson receiver used a double conversion scheme
having a 10.7 M. IT fivst IF and 455 Kiz sccend [¥. Neither swplifier
had & bandwidth sufficient for this purpose. Consequeutly, a new Il
amplifier wag degigned nging srandard FM 1F transformers and an iute-
grated circuit amplifier limiter,

The amplifier limiter has a maximum gain of 80 4B and, therefore,
precautions were taken with the circuit layout to preveut instability.
The gain of the RI receiver and the IF transiorwmers was lower than
anticipated and the full 80 dB gain of the amplifier-limiter was utilized

for low level signals, Even with all the precautions taken in the layoui,

14
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the device proved to be glipghtly unstable with low tevel oscillations
during high gain conditions. “Therctlore, the rveccviver sengicivity is
degraded. although the extent of the degradation is not tully known,

7.3, Processing Circuiiry

whiere possible with two poals in mind - minimum components and low
power dissipation. Compass technology has been deveivped on other LWL
programs such as the PSN-7 and LAVNAVS. This technoloyy was applied

to the compase used on this program,

were nol as complex as thogse at high frequencies a d werce thercfore
solved more easily.
5.4. pMechanical Fabrication
The vemote units were designed and fabricated with one main
philosophy - small size and low weight, This objective was achivved
but with some sacrifice in system maintainability. This meant that
clrcuit modlifications and adjusiments which are necessary in any brass-

board eystem were more difficult than is desirable.

6.0 RECOMMENDATIONS
Field tests with the remote and control unit have shown there are

several areas which need improvements in the present units,

15

The processing circultry was fmplemented usluyg available technelopy

The remaining processing circuitry was implemented using processing
techniques which would meet the design goals. Due te the low frequencies

involved in the processing circuitry, the problems which were encountered




T
.

6.1

Mechanical Desipa

In the present design the high frequency circuit prounds are
negalive with respect to the shiclds cuclosing the circuitg.  These
ground. are bypassed to the system ot shiclds within cach shicld can.

At high frequencies the de and ac prounds should be the game.  Floating
of grouwds can be fav better tolerated at processing trequencies
where bypass capacitors become nearly fdeal components,

Figures 3 and 4 show an improved mechanfcal desipgn which satisties
the high frequency grounding vequirement and aiso provides casier acuess
to the components for modifitation and adjustment. PVigure 3 is a
suggested conflipuration for the compass assembly (remote unit). 1his
unit consists of the compass and two 3 x 4 inch printed civcuit boards,
The boards are attached to rectangular wells with one well on each side
of a central frame platc. Components arc placed within the wells while
circuit interconnecticns are made by subminiature connectors and/or in-
line pins on the printed circuit boards. Ground conncctions are enhanced
by ground planc connection through the mounting screws. A cable access
hole in the frame plate allows cabling between sides and alsce to the
harness between remote assemblics. All adjustment potentiomelers
shoutd be placced so that the slotted screws arc accessible with the
printed cirvcuit boards in place.

Figure 4 is a suggested configuration for the transceiver assembly
(romote unt). In this case a full length frane plate with a cable access

hole divides the unit vertically. A single large well on the battery

16
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6.2

side contains the IF amplifier and awdioc circuitrv, The IF transfotmers
are placed outside the well on the ground plane side to allow coavenfent
ad justment, Thie well, therefore, will bc necesasacily shallow. The
remaining circuitry 1s placed in three welle located on the other side

of the frawme plate. Signal interconnections are by owana ol sulministure
connectors and in line pins as before, In all these high frequency
circuits a maximun ground plane is to be retalaed on the outside aurface
of the printed board. Multiple grounding connections by the wounting
screws are to be relied upon for low impedance greund et signal fre-
quencies.

The application of this design to the command unit is not fllustrated.
However, the more generous proportions provide ample flexibility in
applying similar construction techniques,

The high frequency ecircuits of the transceiver, particularly, require
irolation for successful diplex operation. Compenents of the tremsmitier,
recelver, diplexer, and also the IF scrip are placed within wells ang
are shielded by a "maxfmum" ground on the outslde surface of the printed
boasrd. Should this prove insutficient,it would seem that a stmple cover
over the RF Leoards would produce suificlent isoiation providing, ox
courde, that the power supply decoupling is not the limitation.
Transmitter

Two options exist for the redesign of the transmitter. Flrat, the
existing transmitter layoui can be duplicated on a full rectangular
boazd wnich can then be anchored to the well by Lts edges. In this casr

components can te remcved frowm an existing transmitter, thus minlmizing

19
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6.3

the redesign effort. Alternarively, the entire transmitter can be

redesigned for construction prefexably on an aluminum pl-te., The dis-
advantage of the first optior ie that the transmitter retaine 1ts low
efficiency (25%), which is a real burden on the batteries, The second
option will, of course, add to the cost, An added factor to be considered
is that the existing transmiiter generates spurioua signals unless it 1ia
in perfect adjustment,
RF A.wplifier

The same two cholces exist for the recelver as for the transmitter,
fhe lLenefits to be derived from a complete redesign are lmproved
shielding from an aluminum chassis and simplification of the local
osciilator circuitry.

IF Anplifier

The IF amplifler in its present form suffers from insufficient

gain, A single transistorized gain stage preceding the highly sensitive

amplifier limiter should provide the requfred overall gain. At the pre~
sent. time the knee of the limiting curve is reached with a 5 p volt imput
slgnal, A 20 dB increase in IF gain will allow maximum performance
compatibility with the IF bardwidth.

Crystal filters in the IF amplifier were intended to reduce the
IF noisc handwidth without affecting gain for the 50 KHz ranging side-
bands, Proper filter operation was never confirmed and the filter was
subsequently removed froui the IF strip. With the additional gain, the t
crystul filter operatinn could be confirmed. The reduced nolse bandwidth

is in!:nded to increasse the maximam rauge by 7G7.

20




6.5

6.5

Direction Finding

The direction finding operates on the basis of an RF null in the
antenna system, A simplifice:ion is suggested in which the two quarter
wave poles normally operate in phase to provide an essentially omni-
directional horizontal pattern. Accordingly, for direction finding, a
momentary switch s pressed which cennects the antennas in phﬁse
opposition., This causes the antenna system to have a sharp null to
the front and rear. The null is sensed by a signal streagth meter in-
corporated in the IF amplifier circult. Other functions or the equipment
are impaired only whiie direction finding is in progress.

Detalls of the method are shown by Figure 5. The reflective
switching technique employing the quadrature hybrid will produce either
90° or 270° input-output phase difference., The fixed 90° error can be
compensated by an extra quarter wavelength of cable on the unswit...ad
side.

Range

Operation of the ranging functior was impaired by changes in
signzl delay (modulation phase ghift) with supply voltage. This effect
was greater in the command trancuitter thanm in the remote unit, The
effect is, of course, attributable to those parts of the transceiver on
unregulated voltage. The aifected stages are the last two doubler
stages and the fimal, The delay contribution of the first doubler

stage is magnified 2X by the second decubler stage,




- = = T

improved efficiency iu the low level transmitter stages, a goal which
has already beern stated for the transmitter &s a whole. We feel that
the transmitter [inal stage contributes little delay variation because

of it's greater bandwidth,
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The remote and control units successfully communicated with each
other over a range of approximately 300 meters. The remote unit received
and processed the control signal:, producing the three desired coumand
tones, and the control unit received the sit, stand, and motion signals
and displayed them correctly,

The heading indicator was demonstrated to uperate correctly in the
laboratory, but when the case was closed for the field demonstration, the
indicator ceased to operate. This is apparently a minor problem which
can be easily remedied.

The range indicator operated in the laboratory, but would not remain
calibrated because the phase of the transmitted signal changes as the
battery voltage decreases with time, 1In order to stabilize the range
measurement, it appears necessary to control the voltage on the last two
doubler stages of the transmitter with a voltage regulator,

The direction finding functicn has not been demonstrated in the
finisl.ed system, although the direction finding modulater operates as &
separate unit.

We feel that the design changes described in the previous section
should be made in order to improve the performance and the serviceability
of the system, When these changes are implemented, all of the performance

goals can be met,

23
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APPENDIX

This section contains the schematics and wiring diagram for the Electronic

Dog Handler System,
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