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AUTOTRACKING DEVICE DESIGNATING A
TARCET

STATEMENT OF GOVERNMENT’S INTEREST
The invention described hercin. may be manwfaciured of
uscd by and for the Government of the Unitcd Siares of
Aserica for governmantal pusposes without the payment of
any 1oyalty thereon or ercfor.

BACKGROUND OF THE INVENTION

Remotely controlled cameras are found in various
applications. such as those in scourity systems of cven those
oD aircraft thar employ infrafed radiaion 10 Jocate 4 larget of
inferest. For any remotely copwolled camera system. it is
Importans that once a Targcy of Object Comes invo the field of
view of The camesa thal the camera by posifioned from a
temote locanon. such as a contral console. L0 as (0 A0T0-
matically follow the object as the object moves.

Although the featurc of auromaically wacking ap object
is desirable. if is ROt always present in Temotely controlled
cameras. More paricubarly. semotely wnrddled cameras
may be moved on a conrinuons and reperitive basis so as o
scap an area of inrerest, b are lacking in the fratures of
wacking on an Object during such a scan. Ben though he
contizuoys and reperitve movemens of remotely femoved
cameras way serve well its intendad purpose, it is desirable
that such a scanning be improved by having the abiliry 10
scpsc and detect for an object within the ficld of view of the
cumnera and continnously follow shat objech.

The ability of the femolely conrolled cumiTa [0 auto-
matically follow an objoct may be cven farther cohanced it
the copwass and brightaess of the video dama. somerimes
referred o as its sensiwvity, may be adjusied so as 1o adapt
the Tracking of the object to changing caviroamepsal sima~
nons.

Furthermare, the sbility of the remowly conwollad
camnera, Whether respogsive 10 visible ar infrared radiation,
0 automatically follow an object must be subordinate 10
various command and conrrol responses. especially those
initiated by an operaror. For example, the active pursair of
wacking & viewable object sometimes must be ovisridden by
operator's copymands so Wiar e Operaor may urihze the
camera 1o gccomplish a desived 1ask of mansuveTing an
aircraft op Which The camcra may find usilizadon.

Accardiagly. remotcly congolicd camsAas havigg means
1o automarically follow an object as the object maves peed
10 be adapuable 10 vasions condinons and subardinate 10 the
operatas's copamands positioned al a8 remoic consele.
Converscly. te operation of remotcly conwrolled cameras
nor having means 10 avjomatically follew an objecr as is
snoves could be erhanced if such a feaware is added, byt this
added feamure should be accomplished in a relatively simple
and InCXpCASIVC MANDET SO &S [0 ease the rerofit process for
such # remotely controlicd camaa system.

SUMMARY QF THE INVENTION

The present iavention is @ stand-aoac video tracking
devies egsily added 1o existing remately conmolicd camera
sysiems withour extensive modification therero. The avto-
atic tracking deviee nood only have access 1o the video
ourpur signals of the camers 1o provide for the ability of
having the camera automnaticatly follow an objoct. SEIVIng as
a rarget of interest.

The remotely coptrolled camera system geocraks com-
posite video signals containing mage signals and synchro-

V]

x

53

63

o

mizaton signals and has a display device with deficcrion
comrol circuses and camera directing circuits respopsive 10
steering signals for causing the movemeny of the camera.
The remoiely controlied camera system mcludes ap aato-
mahc Tracking device comprismg means Jor eXuracung a
prosciected poruon of the compostte vided signals 50 as 1o
isolaie object informarion inciuded ip the image signals
thereof. The object informarion i the preselected pormion
has mising and falling edges having trunsibon raes vhat
exceed a predejemmined valie, The suromauc wacking
deviee funher comprises means for providing reference
box for confining and Jotuting the infarmarian dofining the
preselected portion as i is boing viewed on the display
device. The auromatic macking device further comprises
means for generaling sleering signals thar are applied 0
derecting circuils so 85 to cause the camera 10 track the
objea.

Accardisgly. it is a primary ebjocs of the present venton
10 provide a remotely controlled camera sysicm with means
for antomatically following an objeer as the objeet moves.

I is another abject of Hic present invepron o provide
means for adjusting the sensitivity of the anromare racking
systems so as vo accommodare differcot tgels by adjusting
the copfrast 4nd bIIgHINCSs ParameRTs of the abject

¥ is another object of the present invenrion 1o provide
means that are easily repofilled onto yemorcly conrolied
camera system that allow the rerrofined camera sysiems 10
automatically follow an object as the object moves,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of one embedimsar of vhe
presear ivernion

FIG. 2 illustrates the unrnodulated composise video ourpat
sigaal of the ramorcly conmelled camesa of FIG. 1.

FIG. 3 is a schematic for the circuitry of the presenr
ipvention inclding a gormalizing circuil, automatic gain
conmol (AGC) and a dc Fesrofer.

FIG. 4 is # schematic for the circuiny of the present
invention including 3 diffcreptiator. peak detectors andAGC
error amphificr.

FIG. 5 is a schemaric for synchronization scparaor of e
Present inventon.

FIG. 6 is a schemavic for the circwiny of the present
invention including a video proccssor/vernical ceprod/
synchronizer. a horizontal window posidon counrer and
horizomral pixel position logic.

FIG. 7 is a schematic for the circuitry of the prosens
invention including vertical window positon-SowIEr, Vel
tical pixc] posivion logic, and lock-on enable and frack
cpable logic.

FIG. ¥ is a schemaric for the cipcuiry of the proscat
inveprion including & harizonral digital -lo-analog converter
and horizonval syeering valiage owrpit amplifiec.

FIG 9 is a4 schemadc for the clrcuiry of e presen
invention including a vemical digital-to-analog converfer
and verucal sreesing vollage ontput amplifier

FIG. 10 is # schomatic for the crosshair gemeraior and
cxosshair nuxer/onIpur amplifier of the present wmventon.

FIG. 11 is & schematic far the ammngsment of the primary
power inpur and filrcring of the prescht Javenuon.

DETATLED DESCRIFTION OF THE
FREFERRFD EMBODIMENTS

With reference to the drawings, whesean the same sefer-
ence number comesponds 10 The same clement thronghount.
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there is shown in FIG. 1 a control system 10 for a video
device, such as a camera 12. The camera 12 has a sensitive
surface on which is focused an optical image. such as an
object 14. The object 14 may be a target of interest and the
control system 10 causes the camera 12 to follow the object.
even if the object 14 is moving. The camera 12 is known in
the art and may be responsive to visible or infrared radiation,
and produces an unmodulated composite video signal 16
containing image information that varies in accordance with
a light intensity of the imaged object 14 intercepting the
sensitive surface of the camera 12.

The system 10 includes an autotracker 18 which is of
primary importance to the present invention. an operator’s
console 2() preferably having a joystick 22, camera directing
circuits 24. and an operator’s display panel 26 on which is
displayed a rectangular box 28 that is dissected by crosshairs
comprising horizontal and vertical lines 30 and 32,
respectively, and in which rectangular box 28 is displayed
the object 14. As used herein, the rectangular box 28 may be
interchangeably referred to as a window or a crosshaired
window each serving to define the active, selected portion of
the viewing area in which object 14 is displayed. Any object
in the viewing area of the display outside the window 28 is
ignored but visible.

In general. and as to be more fully described with refer-
ence to FIGS. 3-10. the autotracker 18 has means for
extracting the information of a preselected portion of the
composite video signal 16 so as to isolate the information
defining the object 14. The preselected portion has edges
whose changes are defined by a transition rate that exceeds
a predetermined value. More particularly, the edges have
rising and falling sections indicative of the intensity changes
of the object 14 impinging the camera 12 that exceed a
predetermined transition rate to thereby supply information
to the practice of the present invention that an object is
within the field of view of the camera 12. The autotracker 18
further comprises means for providing the viewable rectan-
gular box 28 and crosshairs 30 and 32. The autotracker 18
has means for examining the unmodulated composite video
signal 16 and providing appropriate steering signals 36 on
signal path 34 that are routed to the camera directing circuits
24 to steer the camera 12. The camera directing circuits 24
also receive information from signal path 40 via autotracker
18, to be described hereinafter. The steering signals 36 cause
the camera 12 to track the object 14. The unmodulated
composite signal 16 applied to the autotracker 18 may be
further described with reference to FIG. 2.

FIG. 2 illustrates the unmodulated composite video signal
16 as typically containing image information and pulses.
More particularly. the composite video signal 16 comprises
image signals indicated in FIG. 2 by regions. for example.
black video. whitest video. blanking and synchronization
(sync) intervals and synchronizing (sync) signals from
which the horizontal and vertical synchronization signals are
derived therefrom. The unmodulated composite signal 16 of
FIG. 2 is applied to pins Cl1 and C2 shown in FIG. 3 of the
autotracker 18, wherein the composite video signals are
normalized to a predetermined valve. FIG. 3 along with
FIGS. 4-11 are schematics of the autotracker 18 and illus-
trate a plurality of elements represented by symbols known
in the art and having typical values as shown therein.
Further, the elements of FIGS. 3-11 are arranged in a
conventional manner unless otherwise described herein.

The composite video signal 16 at pins C1 and C2 of FIG.
3 of the autotracker 18 is normalized to one volt to com-
pensate for the differences in the video systems in which the
present invention may be applied. The composiic video

10
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signal 16 is separately carried by two signal paths one for
each application such as those used on aircrafts. For
example, if it is anticipated that the present invention is to
be practiced on two different aircrafts, each having different
parameters, then two separate signal paths (one shown in
phantom in FIG. 3) are provided to accommodate both types
of aircraft. It should be noted that the two separate input
paths should not be connected at the same time. The
combination of R28. R76 and R78 acting as a normalizing
circuit attenuates the amplitude and matches the impedance
of the two inputs signal paths.

This normalized video level is typically one volt from
sync tip. that is, the tip of sync pulse of FIG. 2. to whitest
signal, but only the peak-to-peak video information in a
small window in the center of the crosshairs, to be discussed
later, is significant and was previously referred to with
reference to FIG. 1 as being the rectangular box or window
28. More particularly, the object 14 information contained
within the rectangular box 28, as shown in FIG. 1, is of
prime importance to the present invention. As used herein,
the terms “video” and “image” are given in an interchange-
able manner when describing the information comprising
the object 14, the amplitude of which varies in accordance
with the light intensities of the object 14 focused onto
camera 12.

The amplitude of the small window video changes rapidly
and is usually only a small percentage of the total level. This
portion of the video is stripped away from the sync pulse and
other video signals and renormalized to a one-volt level. The
normalized video signal, that is. the output of resistor R28 is
provided to the X1 input of a four-quadrant-multiplier, U29,
which performs as an analog gate, variable-gain amplifier.
The output of U29 is applied to U32A serving as a dc
restoring error amplifier for the video signal. All video
outside the window is gated-off at U29 by switching the Y1
input of U29 in response to the signal VID GATE of FIG. 6,
to be described, to zero volts during all periods other than
that corresponding to the window 28 of FIG. 1. More
particularly. any video or image information outside the
window 28 is removed from the video signal by the switch-
ing operation of the Y1 input of U29. The remaining video
at the output of U29 is again gated by analog switch U22
(shown in the form of a relay) in respoase to the VID GATE
signal of FIG. 6 into the integrating dc restoring error
amplifier, U32A. The output of this amplifier U32A is
connected back to the reference input of U29 for the
normalized video creating a negative feedback loop which
effectively keeps the video background level at the output of
U29 at zero volts, thus serving as means for minimizing the
switching transients caused by the d-c step functions result-
ing from gating the video signal on and off. Bleeder resistor,
R73 provides an error path to keep the output offset at zero
volts when there is no video and the analog switch U22 does
not gate on. The U0 input of U29 is used as the automatic
gain control (AGC) input. A control voltage is fed-back into
this input from the video peak detectors to be described with
reference to FIG. 5. to keep the output of U29 at approxi-
mately one volt which corresponds to the normalized volt-
age of the composite video signal 16 at pins C1 and C2.

In general, the autotracker 18 is a contrast or edge tracker.
More particularly. the autotracker 18 is designed to lock on
the edges of a target data. that is. object 14 of FIG. 1. In
general, any visible object. including object 14. on a video
display 26 is visible because it has changes in brightness that
define the edges of that object, such as object 14. to the eye.
The degree of difference between the lightest and darkest
parts of the visible object is the contrasi thereof. In general,
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the amotracker 1¥ clecromecally looks for thosc same
changesin brighteess. The changes in the gated video patpat
of U2Y arc clecaonically cnhanced by differconiasing hem
in the gexr stage that may be dcseribed with reference 1o
. 4.

Tne combipahion of cupacitor (26, resistor R12. and
video amplfier 114, as well as othel compoRents 1 be
describod. acts a» a differentiator 1o eahance the fising and
falling edges of the video. thar is. the ipformabon definag
the object 14 which is the osrpur of the four-quadrant
mulnplicr U29. Rosisiors R2 and RIY Gt the amplimde of
the differentiated video of object 14 o prevent video ampli-
ficr U4 from satorating. The resulting video signal com-
prising object 14 is pow a series of positive and negative
peaks, where wach peak comresponds 1o sising and falling
edges of the vidoo inpul. that is. the coInposie video signal
16 of camera 12 applicd 1 the anotracker 18,

The next vidoo processing sage also shown in FIG. 4. 1s
a serics of peak detccrors forming a composite peak detecror
that provides the feedback signal for the ayromaic gain
conmol. muans of sepamting the video peaks from onc
anomer, ang means for digiizing the selemed peaks. Two
idenrical peak deseriors cloct the dominant positive and
negative peaks in the window 2% with compararars UL3B
and U13A. respoctively, along with theis associared curont
components aranped as shown in FIG. 4. The ourpuis of the
rwo UI3 comparawors are clamped 1o the digital logic
volrage level. as shown in FIG. 4, and connectad logethes to
provide a logical NOR function. thus diginzing the absolte
valuc of the video input, that is. the infarmation of the object
14 degived fram the compoasite video signal 16 of camera 12
applicd W the amowacker 18. The video infaroation now
remaining in e dara has been wanslared w0 Wme-relevant-
palses where cach pulse defines the focarion of a significant
conMy4st event in e composie video signal 16 confined in
window 28. Resistor R77. diede P2 and cupacirar CIY
aearc te firss siage of the positive peak defector Posinve
video peaks are passed by diode D2 and charge capaciiar
C10 1o a constant dc level, This level is kepr consam
because it is nsed as the source of te eror signal for e
AGC fancton discussed carlict. This valtage and ity aega-
wive counterpart at capaciior C1§ cooperasing with diods D1
arc summed by diffcrential amplificr U32C. comprising an
aomatic gain conmol (AGC) error amplifier. and c0:
w0 a refervae valtage by sesistoss R55 and R65. The emor
vohage is amplificd and integrated by amplifics 132D and
st 1o input U0, previously discussod with referencs 1o FIG.
3, of tie four-quadrans-multiplicc U29 1o complete he aGLe
1oop. An wmiegrating capaciior C66 delays the error signal to
allow the AGC o ignore mansicar changes in brighmess, tat
is. wapsicns changes in brightoess of the eamposite Video
signal 16. Diode DS prevenis the coptro) vofiage # e |5{1}
inpur from going negative and damaging the Ul inpat,
which. in tuin, weuld damage U29.

The first stage of the positive peak detector of FIG. 4 stans
the propess of solating the desired Tarper informarion, that
i, the wformation of object 14 of FiG- 1. by scparating the
larger peaks from the background video. The voluage at
capacitor CHé js uscd as the baseline reference valtage for
comparator UI3B applied thereto Wsough resisior R9. Pif-
ferentiated video. that is. the outpar of vidso amplifier U14
is comparcd 1o the refercace al U138 and the peaks exceed-
Ing he referonce voltage are digitized. The valuc of capaci-
tor C10 is selecred 1o provide an average of the peaks over
the entife video frame yelared 1o e composite video sipsmal
16. Resistor R79 and capacirar C12 flicr notsc spikes from
me video contained in the image of objed 14. that 1s. the
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ourpui of video amplificr U14 before the comparisen is
performed. When no video is preseil in the object 14. the
voltage ar capacivar C is biased positve by resistars ROY
and RS 10 prevent noise on The video input from wiggering
the comparator UT3B. The namber of positive peaks. cou-
LaineA within the ebject 14 st the output of video amplificr
U14 and serving as tasger data, affects the amplibde of the
voltage al capaciter ClU- AS the number inereases. e
vatrage increases. This helpe the compararof UT3B 10 pick-
out only the higher lovel peaks contained in Hic oUpUL signal
of the video amphficr Ul4 thar were denved from the
compposite video signal outpuf of the camers 12,

The second siage of she positive peak desectar Dow
separales The one of two highest peaks on cach video line,
shat is. thase relared o e nformarion of the object 14
included in the composite video signals 16 applied ro pins
C1 apd C2. from all the otheys. The second stage is identical
10 the first stage of the posivive peak defedtar excep it has
a faster Tire constany. Positive video peaks are passed by
resistor R6 and diode D3 10 charge capacitor C20) just as
before described for the first stage. The value of capacitor
20 is sclecred vo average he ocorring side e
window 28 on a single honzonral Hae of ihe operator’s
display pspe} 26. Again. i should be recognized thar whe
informarion wirhun window 28 is thar of abject 14 as shown
in FIG. 1. This charging of capacifor €21 raises the Uil
comparator refarence volisge with each video peak present
on the applied. diffeventiated vided dura derived from the
compositc video signal 16 and which also is prescat on e
ourpis of the video amplifier U14. The forward volage drop
acyoss diode P3 prevents the reference vollage from evir
excecding the highest peaks of the differennialed video, that
is. the ourpur of the video lifier Ul4, bur only mose
highest are then desecred. The pegative peak defector
Dses diodes D1 snd D4 and comparator U134 10 paform e
same funcrion for the negsrive video peaks present at he
owrpur of the video amplifier U14.

The gain of cwor amplifier U32A of FIG. 3 of th de
restorer civenit deseribed earlier, is jnrenrionally limived by
rosisvor R60 to allow the operaior vo have 8 small amount of
contyol over the black-1o-whir: and white-To-black trgel
sensitivity of the autotrackss 18. The low gun of the «ror
amphfier U324 allows a small offset valrage ay the ourpd of
U298, sdjustable by the operaser’s video brighrness conpel
(not shown. bur known in the are) as his/her cansole. such as
a1 the operator’s consale 20 of FIG. 1. The offser voltage
changes the relative amplimides of the positive and neganve
vidco poaks With fespad 10 sach offier. allowing the operatar
10 select ither leadug or tailing edges of a Largel ma-
fested in the informaron of ohject 14. Resistwars R62 and
R64 csuablish an offser bias ay the ourpur of the error
amplifict U32ZA cqual © the wypical input level of i
pormalized videa inside the window 28 of whe operator’s
display pancl 26. This offsey bias eswblishes a zero-volt
offsct at the output of U20 rypically when the apersior's
vidco trighwmess control Is sef at norminal. The preseal
invention allows the operarof 1o adjust the COnTast apd
brighmess parameters of the object 14 being viewed on e
operator display panc] 26 and, thus. adjust the seasitivity for
dercdting and moniroriag the abject 4.

Horizoatal and vertical synchronization signals ase
extracted from the composite. pormalized video signal 16 of
FIG. 2 lacaicd at he output of rosistor R2¥ which is roured
to the ciscuir areangement of FIG. § of the synchronization
separayor of the present invention. The cxmaction i§ aceom-
phshed by the operation of wansistors Q1 and Q2 and
comparatars U23A and U23B. Q1 and Q2 acac a peak
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detector that establishes the amplitude of the sync pulse tips
in the composite video signal 16. The composite video
signal 16 charges capacitor C44 through emitter follower
transistor Q2 and resistor R21 during each sync interval (see
FIG. 2). Resistor R20 provides the bias current to transistor
QI and the discharge path for capacitor C44 between sync
pulses. Emitter follower transistor Q1 provides a high
impedance buffer for the voltage at capacitor C44 and
compensates for the voltage offset created by the base-
emitter junction of transistor Q2. The composite, normalized
video signal 16 is filtered for noise spikes by resistor R19
and capacitor C43 and compared by comparator U23A via
the (—) input thereof to the dc sync tip level established at the
emitter of transistor Q1. The resistance ratio of resistors R21
and R20 establishes a fixed offset between the actual sync tip
level and where the comparison of U23A is made. allowing
a more stable measurement at a higher location on the
leading edge of the sync pulses contained in the composite
video signal 16. The output of U23A is the separated
composite sync signal serving as the horizontal synchroni-
zation (HORZ-SYNC) signals or pulses for the autotracker
counter means and limited to a digital logic level by resistor
R13. The leading edges of the separated composite sync
signal are coincident with all horizontal synchronization so
no further processing is necessary to obtain horizontal sync
signals. The vertical synchronization signals for the
autotracker counter means is extracted from the composite
sync by filtering the horizontal synchronization pulses out of
the signal. The filtering is done with resistors R16 and R17
and capacitors C41 and C45. Amplifier U23B digitizes the
filtered vertical sync (VERT-SYNC) signals and limits its
amplitude to a digital logic level with resistor R3.

In general, the autotracker 18 comprises counter means
that controls the movement and location of the crosshairs
and window displayed on the operator’s display panel 26.
The counter means assigns a coordinate position to every
focation on the operator’s display panel so that the content
of the information to be displayed is located by the counter
means. The counter means has at least one preloaded quan-
tity and is responsive to the digitized horizontal and vertical
synchronizing signals of FIG. 5 and processor means to be
described hereinafter with reference to FIG. 6. The counter
means uses the same synchronization signals used by the
deflection control circuits of the operator’s display device 26
of FIG. 1 provided by camera 12 in composite video signal
16 and a fixed pattern corresponding to the preloaded
quantity so that said fixed pattern is displayed in the central
region of the display device 26. More particularly. the fixed
pattern preferably comprises the rectangular box 28 that is
dissected by the crosshairs comprising horizontal and ver-
tical lines 30 and 32. respectively. and in which is confined
the object 14. As used herein. the location of the fixed
pattern in the central region of the display device 26 corre-
sponding to the preloaded quantity may be referred to as the
HOME position.

The autotracker 18 further comprises processor means for
receiving the target data. that is. the object 14 information
and providing first and second sets of signals. with the first
set of signals being applied to the counter means to cause the
target data to be displayed in correspondence with the fixed
pattern. and the second set of signals creating steering
signals to cause the camera 12 to track the object 14. More
particularly. the target data, that is object 14. is displayed
within the rectangular box 28 of FIG. 1 and the autotracker
18 provides the appropriate steering signals 36 on signal
path 34 which, in turn. are applied to the camera directing
circuits 24 that cause the camera 12 to track the cobiect 14
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The appropriate signals on signal path 34 are, as will be
further described. controlled by the contents of the counter
means which. in turn. are controlled by the processor means.
The location of the displayed target data. that is. the object
14 controlled by horizontal and vertical synchronization
pulses may be described with reference to FIG. 6 illustrating
video processor/vertical centroid/synchronizer provided by
processor U3 which is a programmable logic device. hori-
zontal window position counter, and horizontal pixel posi-
tion logic.

Horizonta! control and timing provided by the autotracker
18 are totally digital. A nine-bit horizontal window-position
counter. made-up of counter U4B and presettable counters
U2 and U5 s started each time a horizontal sync signal edge
is detected at the reset (R NOT) input of latch U1A. Counter
U4B is toggled by oscillator U9. for which a frequency is
selected to be just over 512 times the repetition rate of the
horizontal sync signal developed by the circuit arrangement
of FIG. 5. This results in each horizontal location on the
video display of the object 14 being mapped to one of 512
unique addresses. Pin 12 (one of the outputs) of US is
logically true during the last 32 pixel periods of the counter
before it reaches its terminal count. The 32 periods repre-
sents one-sixteenth of the display screen width and is used
as the horizontal window 28 period. The window 28 which
was discussed earlier with reference to FIG. 1. is centered on
the display screen of the operator’s display device 26 by
loading the inverse of the position into the preset inputs of
the counters U2 and U3 of FIG. 6 with latch U15 before
latch U1A is reset. The preset position is programmed into
U16 and is loaded into U15 whenever a HOME command,
to be described hereinafter with reference to FIG. 7. is given
to pin 13 of U16. A second synchronous horizontal pixel-
position counter U6A is started each time the first counter
(made up of the counters U4B, U2 and US) is started. The
second counter. however, is reset to zero each time UlA
presets the other counter. The output of counter U6A is input
into a programmable logic device (PLD) U16 and gated by
the U16 to clock U1A logically true when the pixel count.
quantifying the position of where information is displayed
on the operator’s display panel 26. gets to the right edge of
the display screen. This action then resets counter U6A via
the (R NOT) input of U6A until the next horizontal sync
signal edge is detected by latch U1A and restarts the cycle.

Very similar circuitry relative to those for the horizontal
control is provided for vertical control of the autotracker 18
and may be further described with reference to FIG. 7
illustrating circuitry that includes vertical window position
counter, vertical pixel position logic. and lock-on enable and
track enable logic. The vertical sync pulse from U23B of
FIG. 5 resets latch U1B of FIG. 7 to start the presettable
nine-bit vertical window-position counter made-up of
counter U4A and presettable counters U7 and U8. Counter
U1l is part of the vertical pixel-position counter which starts
counting from zero each time latch U1B is reset by a vertical
sync pulse. The counters (U4A and U11) are toggled by the
output at pin 5 of latch UlA of FIG. 6 each time a new
horizontal raster line begins. This response defines each
pixel position as one of 512 locations on each horizontal
line. Pin 12 of U8 is used to define the vertical window
period as a block of 32 lines in each field. The window is
centered on the display screen by loading the position into
the preset inputs of U7 and US8. The preset position is
programmed into U17 and loaded directly into the window-
position counters (U7 and U8) whenever the HOME com-
mand (generated by U28C) is presented to pin 13 of Ul7.
When the counter comprised of counters U7 and U8 reaches
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its Terminal value af the tailing edge of the vefical window.
it clocks Jatch U1B mue, stopping the count and causing the
counters (UT1. U7 and U8) to proload for the pexi couni The
vertical wiadow 15 gated by the presence of a signal at the
outpur of fogic ejement U21A of FIG. 6 corresponding to the

. oecusrence of the three pOS significant Birs of the horizontul

window connter US of F1G. 6. fo ayeale a recrangular
wandow 2 11 the cequer of the video screen of the operarar’s
display punel 26 that is Twice as Wide as the actuut crosshair
window 2% and starts 32 pixcls ta the Iefi of window 24, This
dotblo-width window 28 is the video gate ased 10 coprfol the
four-quadrant-multipher U29 discunsed carduT. The window
perind is sfarted early for the analog circuits to allow fhe
switching rransients at the froat of the window 10 sefle-out
and not be integpreied by the operaticn of diffcrentiasor, such
a the video amplifier U14 of FIG. 4. an the video. The
digirized video fewving e U3 ofs of FIG. 4 is
then digitally gared by processar U3 of FIG. 6 10 igaon:
thosc firsy 32 pirels that stans o the Iof of window 28.
Processar U3 of FIG. 6. operaling in respoose 10 a
P rouliac prosesses the video informaton digi-
Hzed by te peak auecios in FIG- 4 %0 canse the antotracker
1% 10 lock on varger data in the vartcdl center of the Target
o or the cenier of several tapgars in a dowecied clusics
capared by the camera 12 of FIG, 1. The video jafonmation
is galed by the processor U3 during alernaic fields of the
varger data that the proceisod U3 is baadling. While the data
1 pared-off. a counter in The processar U3 covnts cvery
honzontal linc in the window, that is. vhe dara defined withia
the window 28 that has video somewhese on it Dunag the
aext field of dara being handled by the processer U3. the
pacessar U3 connscts The video data to outpal pin 14 and
decrements the countes by rwo cach ume a lipc in the
window 10 be displayed on the opcrator’s display pancl 26
and copraining video 1 delected. When tie counter Te3ches
zevo I is prevomied from counting famher. AX whis point
(comeqts of counter is ze7o) the connwer has cotpred half-
wary Vhrmugh the data Lines it had counted during the previous
ficld and garco the Vidoo dam ourpos off, thay is. the infor-
Imation 0o output pin 14 is gated off. The resultiag video data
oprpur s sl horizoneally asynchronons, so the ORput
vidoo, st is. the image iafaouation of cbjoct 14 displaycd
within the window of recrangular box 2% on te operatar’s
display panci 26. is also strobed with a latch in the processar
U3 by the cfock sigaal outpur of oscillayes U4 o synchronize
the video ontput data with the pixel positions established by
the horizoata) and vervical counter means described carlicy.
The auwtowacker 3% follows a vargel by elocking Uic
instantancous value of e pixel-position coualers info 2
Jarch with the isatared, processed video peak. ib pamicular,
the vigeo data output at pia 13 of processar U3 and thed
transferring that position lo the harizonta! and vertical
window-position coupters of FIGS. 6 and 7. fespecuvely, o
cause Wic window fo move, kecplng Wic WIget in e copter
of the window, Morc particularly. keeping the objcct 14
within the rectangular box 28 on operatos”s display panel 26.
The window position is updated afier the cogupletion of cach
field. The last horizontal pixel-posidon caprared in each
window by U16 of FIG. 6 is swobed into larch U15 by laich
UIB of FIG. 7 when UIB proscts Mic vertical wiBdow-
position couners. The ourput of U15 is then used as the
source of the preset dara fof the hosizonral window-posiiod
counrers. The window posiion is Tch wanslared 1o a
slewing signal by digital-to-analog converters, which isused
10 steer the camera fo move the window back into the eepler
of e display »creeh and may be further dex¢ribeal with
reference 1o FIGS. % and 9 compnsing horizonral digusl-
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10
to-analog conveer U24 (see FIG. B also including horizon-
1al Sreering Voltage output amplificr) and verical digital-io-
analog copverics U1 (sec FIG. ¥ also including vericat
steering voltage ourpat amplifier). .

In general. the digimal-10-ausog CORVEREr U24 and ULS
of e autoacksr 1§ provide the appropriak ap3log sieering
signals 36 op signal path 34 (se< FIG. 1) that is spplicd 10
the camera dircenng circuit 24. which in a manger Known in
the art. canses the camera 12 1o follow the object 14 as the
object 14 movcs Signal puth 34 is identified in FIG. 7 as
comprising signal path manual override 46 and also n FIG
¥ ay comprising signal path horz slew 34 and also ia AG.
as comprising signal path vert slew 34.

The synchronized video from pin ¥4 of the peocessor U3
denved from the composite video signal 16 of FIG. 1 of
obyect 14 is nsed by logic clement U16 of FIG. 6tolawch the
piszl-position counicr UGA daia of FIG. 6. The last video
data pulsc will caprure 8 number equal 1o the Jocavion of the
pixel a which it eccwrred. The logic clement {16 then
algebraically adds 16 pixc] positions 5o the Ramber and Bses
it 8> vhe proload fos the U2 uad US horizontal window=
poeiriop conmers of FIG. 6 aenning the honzonal param-
ters of window 28 of FIG. 1. The 32-pixel window will
move w ketp the latched pixel posision in vhe cenicr of the
window 2%. The verical pixel-posiriop counter Ull and
logic element UI7 of FIG. 7 performs an identical foncrion
a8 that of conater U6 aad Jogic ckemens U16. The syachro-
Rized video provided aipin 14 of Udisused as a clock. signal
10 larch the nusuber of the horizontal line op which the Jast
viden pulse oocumed. The number 16 {s algebmically added
16 the number and the sum preloaded ino coanters L7 and
Us ising whe vertcal window-position couater o
dafine the acw pasition of the window. Whea the HOME
signal af pin 13 of the logic clemens 116 (horizopral) and
U17 (verticad) is avc, the Jaiched dara is overidden by e
preprogrammed  Values discussed carlicy, and renams Whe
reciangnlar window 28 1o the cenick of the screen of the
operasor’s display papel 26.

The digital position dats used to preload the counien
(both the harizonral and vestical Window-position counters)
is also the inpat of e wo digiral-10-apalog CORVEAETS u24
and UTH. The copvericrs and their assoviared anplficrs,
U25B and U268 respectively. ourpus a +5 volr 1o =5 voli de
Jevel proportional fo the location of the window on video
display seen The dighal-io-analog converers U24 and
U1% oumpus are calibrated 10 be zero volis when the reet-
angie window 28 is in the HOME position. that &5 when the
rectanguiar box 28 of FIG3. 1 Is In Gic cenper of ¥he serecq of
the operator's display panel 26 of FIG. 1. Amplifier/mixers
11254 and U264 amphify the hotizontat and vertical Jevels,
sespectively. 1o the level expocicd by the camcra dirccting
circuits 24. which in tus application 18 +]12 volis 1o ~12
volis. These Vollages are the sieeting siggals seat to e
camara direqiing circnits 24 on sigaal path 34 12 foroe the
camera 12 10 always Kocp the window in the centes of the
scroen even if the targer, that is, objecr 14 is wying Yo pull
the window. that is, e roctaggular box 28 somewhas clsc.

With refefence to FIG. 1. it is seen that autotracker 18is
interposed. via signal paths 40 and 34. berween the opera-
a's copsole 20 and Tie camera directing citeNrs 24. With-
ot the bepefits of the present inveotion. the operaror’s
console 20 circuitry would develop the command signals
Wat wonld be applied 1o the caInery qrecung Ciroies 24,700
the generation of the steering signals 36 on signal path 34.
However. with regard yo the present invention. the output of
the operator’s copsole 20 is Towicd, Via signal parh-M, 1o e
auromracker 1%5. The ausowacker 18 intescepis the commands,
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such as those of a joystick 22 or some other steering device,
that would normally cause the generation of the steering
signals 36. Even though the autotracker 18 intercepts these
commands. the operation of the autotracker 18 needs to be
subordinate to the commands initiated by the operator.
especially if the operator is controlling an aircraft or some
other operator responsive device. Therefore. the joystick 22
or steering command signals coming from the operator’s
console 20, should not be interrupted and may be further
described with reference to FIGS. 8 and 9 respectively
illustrating circuit arrangements including amplifier/mixers
U25A and U26A. FIG. 8 illustrates the signal path 40 of FIG.
1 as including a signal path 40A identified as horizontal stick
and FIG. 9 illustrates the signal path 40 of FIG. 1 as
including a signal path 40B identified as vertical stick.

To accomplish the non-interruption. the amplifier stages
of U25A and U26A mix the operator’s command signals on
signal paths 40A and 40B with the autotracker’s 18 (derived
from amplifiers U25B and U26B). thereby. allowing both
inputs to steer the camera 12.

The horizontal and vertical window gating signals dis-
cussed earlier, are used to display the position of the window
on the screen of the operator’s display panel 26 and may be
further described with reference to FIG. 10 illustrating
circuitry including a crosshair generator and a crosshair
mixer/output amplifier. The positive-going edge of the hori-
zontal window signal applied to logic element U27A is
differentiated by resistors RS2, R67. R42. and capacitor
C39. The negative-going edge of the horizontal window
signal present on the output of logic element U27A is
differentiated by resistors R63. R68. R44 and capacitor C37.
The voltage spikes resulting from the differentiation are
digitized and gated during the vertical window period and
input into video amplifier U30 serving as the crosshair
mixer/output amplifier. Video amplifier U3( mixes crosshair
and operator prompt data with the normalized video devel-
oped from the composite video signal 16 discussed earlier
and outputs it to the operator’s display panel 26 on signal
path 42. The mixed signals output of the video amplifier U30
appear on the operator’s display panel 26 as two white lines
defining the left and right sides of a small rectangle in the
center of the display screen. More particularly. the small
rectangle corresponds to the rectangular box 28. The
positive-going edge of the vertical window signal applied to
logic element U2T7F is differentiated the same way as
described for the horizontal window gating signal by capaci-
tor C56 and the negative-going edge located at the output
stage of logic element U27F is differentiated the same way
by capacitor C40 and their associated resistors. These dif-
ferentiated signals of the vertical window gating signals are
digitized and gated during the horizontal window period and
added to the video signals above by way of gate U21B.
These signals appear on the operator’s display panel 26 as
two white lines defining the top and bottom of the rectan-
gular box 28. The rectangular box 28 outlines the 32-pixel
by 32-line window inside of which an object 14 is a potential
target.

A crosshair for the operator’s display panel 26 is created
by differentiating the most significant bit in window-position
counters U2 (FIG. 6) and U7 (FIG. 7). More particularly. the
crosshair is defined by the horizontal (30) and vertical (32)
lines of FIG. 1 that intersect the rectangular box 28 of the
operator’s display panel 26. These signals defining lines 32
and 30. respectively. have a leading edge that is coincident

with the center of the horizontal window period and a

trailing edge in the center of the vertical window period. The
differentiated leading edge of the herizontal counter output
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is digitized and gated-on during the horizontal window
period. gated-off during the vertical window period and
added to amplifier U30 by way of gate U21B of FIG. 10.

The resulting signal appears on the video display screen
of the operator’s display panel 26 as a thin white vertical line
32 running the length of the screen. in the center of the
screen. but with a gap in the line where the window 28
would be. The differentiated trailing edge of vertical counter
U7 of FIG. 7 is gated-on during the vertical window period
and gated-off during the horizontal window period. and
added to U360 by way of gate U21B of FIG. 10. The resulting
video display is a white horizontal line 30 running the length
of the screen. in the center of the screen. but with a gap
where the rectangular box 28 would be.

The white rectangle box 28 is used as an operator prompt
to inform him/her that the object 14 he/she is attempting to
track has enough contrast for him/her to lock on it. At the
end of each field. counter U10 of FIG. 7 is incremented. I
any video or image information related to object 14 is
detected the counter is reset. If two consecutive fields occur
with no detectable object in the window, latch U12A of FIG.
7 will be clocked to a logic zero. This will cause gates U20A
and U20B of FIG. 10 to extinguish the white rectangle, that
is. rectangular box 28. As soon as video or image informa-
tion related to object 14 is detected again, the window latch
U12Ais set and the rectangular box 28 is illuminated. If the
strength of the signal, that is, object 14 is marginal. the

- rectangular box 28 will appear to fade or blink.
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It is preferred that the excitation supplied to the compo-
nents shown in FIGS. 3-10 receive proper filtering and such
filtering is shown in the circuit arrangement of FIG. 11.

In operation. and with reference to FIGS. 1-10, the
operator initiates tracking with his/her manual override
switch (not shown) located on the operator’s console 20. one
system. without the benefits of the autotracker 18 of the
present invention. has a trigger switch on the joystick which
is the source of the manual override signal 44. Steering
signals are not accepted by the camera directing circuits
unless the trigger is squeezed. When the trigger switch is
released the camera is locked in that position. The present
invention accommodates this trigger switch command. The
autotracker 18 intercepts the trigger switch command signal
and connects it to signal path 44 shown in FIG. 7. If the
autotracker 18 is not locked on a target the window, that is
rectangular box 28. will be frozen in the center of the display
screen because latch UI2B of FIG. 7 is reset holding the -
HOME command true. Squeezing the trigger and causing
the logic level at signal path 44 to be true still holds the
HOME command true with gate U28C of FIG. 7. but the
squeezed trigger sets latch U12B of FIG. 7. So now when the
trigger is released and signal path 44 returns to a logic zero.
the HOME command will go to zero and the autotracker 18
window 28 will begin following any object that was in the
window 28 at the time. When the trigger on joystick 22 is
squeezed. the manuval override signal of the operator’s
console 20 is forwarded through gate U28D of FIG. 7 to the
camera directing circuits 24. via signal path 4 6. The
operator may slew the camera as normal. This squeezing
action will allow him/her to move an object 14 he/she wishes
to track into the window. Releasing the trigger switch locks
the autotracker 18 on the object 14. If the autotracker 18 has
successfully locked on a target. such as object 14. the
autotracker 18 will not allow the manual override signal
going to the camera directing circuits 24 to return to logic
zero. Latch U12B of FIG. 7 holds it true. The steering
voltages will now come from the autotracker 18 digital-to-
analog converters discusszd earlier. instead of the operator.
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The autotracker 18 will disable itself if the object disappears.
If 64 consecutive fields of data related to the object 14 occur
with no video or image information (about one second) latch
U12B is clocked low by counter U10 of FIG. 7. allowing the
manual override 46 to return to logic zero and forcing the
digital-to-analog converter outputs of FIG. 8 and FIG. Y to
zero volts with the presence of the HOME command.

The autotracking function. of the autotracker 18. can be
disabled completely by an external control line on signal
path 48 of FIG. 7. A tack enable input identified as
TRACK-ENA on signal path 48 going to a logic zero will
force the window to its HOME position by resetting latch
U12B. This holds the digital-to-analog converters of FIGS.
8§ and 9 at zero volts as discussed earlier. The track enable
input also disables the horizontal and vertical position
counters by not allowing latches U1A and U1B to be reset
by the horizontal and vertical sync signals. This extinguishes
the crosshair and window lines on the screen of the opera-
tor’s display panel 26 and disables all analog activity by not
providing a gate signal for the multiplier U29 of FIG. 3.
Finally, the track enable input gates-off the video at proces-
sor U3 of FIG. 6 disabling and resetting all remaining digital
activity.

It should now be appreciated that the present inveation
provides a stand-alone video autotracking device 18

‘designed to be inexpensively added into an existing

remotely controlled camera system without extensive modi-
fications to that system. The autotracker 18 extracts data
from the composite video output of a camera 12 and uses it
to electronically isolate an object 14 in the video or image
information of the composite video signal 16, follow the
object with a crosshair added to the video by the autotracker
18. and create steering signals for the camera directing
circuits to cause the camera to automatically follow the
object 14 as it moves. '

Tt should be further appreciated that the autotracker 18 of
the present invention is an external. autonomous device
capable of extracting all of the data necessary to operate the
autotracker 18 from a single composite video output signal
16 of a camera 12 or video source. This allows the
autotracker 18 to be added to existing systems that were
never intended to have this feature. The autotracker 18 has
features that allow the operator of the camera to adjust the
sensitivity of the autotracker to different targets by adjusting
the contrast and brightness of the camera output. The
autotracker 18 is designed to be inexpensively added into an
existing remote controlled camera system without modifi-
cation of that system. yet performs as if it were integrated.

Many modifications or variations of the present invention
are possible in view of the above disclosure. It is. therefore.
to be understood. that within the scope of the appended
claims. the invention may be practiced otherwise than as
specifically described.

What I claim is:

1. An autotracking device for a video control system that
produces composite video signals containing image signals
and synchronization signals. said video control system hav-
ing a display device with directing circuits responsive to
steering signals for causing the movement of a camera of
said video control system. said autotracking device com-
prising:

(a) means for receiving and normalizing said composite

video signals to a predetermined level;
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(b) means for extracting a preselected portion of the
composite video signals so as to isolate object infor-
mation thereof, said information of said preselected
portion having a transition rate that exceeds a prede-
termined value;

(c) means for detecting said transitions of said preselected
portion and separating one transition from another;

(d) means for comparing said separated transitions against
a reference and generating a corresponding output
signal when each of said transitions exceeds said ref-
erence;

(¢) means for comparing the corresponding output signals
against each other to determine the dominant transition
therebetween;

(f) means for digitizing the dominant transition value into
digital data serving as target data;

(g) means for extracting horizontal and vertical synchro-
nizing signals from said normalized composite video
signals;

(h) means for digitizing the extracted horizontal and
vertical synchronizing signals;

(i) counter means having a preloaded quantity and respon-
sive to said digitized horizontal and vertical synchro-
nizing signals, said counter means being synchronized
to said display device. said counter means providing a
fixed pattern corresponding to said preloaded quantity,
said fixed pattern being displayed in the central region
of said display device; and :

(j) processor means for receiving said target data and
providing first and second sets of signals with the first
set of signals being applied to said counter means to
cause said target data to be displayed in correspondence
with said fixed pattern and the second set of signals
serving as said steering signals to cause said camera to
track said object.

2. The autotracking device according to claim 1 further
comprising an automatic gain control (AGC) circuit that
holds said preselected portion of the normalized composite
video signal at a predetermined level.

3. The autotracking device according to claim 1 further
comprising means for minimizing step function gating noise
from being interpreted as video transitions of said prese-
lected portion of said normalized composite video signals.

4. The autotracking device according to claim 1. wherein
said means for detecting said transition further comprises;

differentiating means for receiving said transitions of said
preselected portion having rising and falling edges and
providing positive and negative peaks corresponding to
said rising and falling edges of said preselected portion.

5. The autotracking device according to claim 1. wherein

said means for extracting horizontal and vertical synchro-
nizing signals further comprises first filtér means for filtering
said normalized composite video signals.
" 6. The autotracking device according to claim 1. wherein
said means for extracting horizontal and vertical synchro-
nizing signals further comprises second filter means for
filtering said normalized composite signal to remove said
horizontal synchronizing signal therefrom resulting in said
vertical synchronization signals.
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