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57 ABSTRACT 

An image motion stabilization system for eliminating motion 
of an image being viewed from an unstable support. The image 
is viewed through an image converter tube. X and Y rate 
gyroscopes are mounted on the unstable support to sense mo 
tions of the support, and the outputs from the gyroscopes are 
applied to the deflection coils of the converter tube to com 
pensate for movements of the support. Panning control means 
are provided to prevent image deflection in the converter tube 
to allow panning when the support is moved at a slow rate. 
Embodiments of the invention are disclosed wherein the 
image motion stabilization system is utilized with a camera or 
in a fire control system. In the fire control system embodiment 
a circuit is provided to sense when the weapon is correctly 
aimed, and to automatically fire the weapon in the correctly 
aimed position. 

12 Claims, 12 Drawing Figures 
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FIRE CONTROL SYSTEM FOR USE IN CONJUNCTION 
WITHELECTRONICIMAGE MOTON STABLIZATION 

SYSTEMS 
This patent application is a division of patent application 

Ser. No. 462,322, filed June 8, 1965, now U. S. Pat. No. 
3,515,881, issued June 2, 1970, 
The present invention relates to devices for stabilizing an 

optical image in a field of view. More particularly the present 
invention relates to an image motion cancellation viewing 
system for cancelling apparent image motion of viewed 
images. 

In a copending application assigned to a common assignee 
entitled "Data Pattern Motion Cancellation System', filed 
Aug. 7, 1964, Ser. No. 388,251, invented by Efraim R. Arazi, 
an image motion cancellation system is disclosed. In that ap 
plication the broad environment for the problem of image mo 
tion is outlined. The system described in the copending appli 
cation is limited in certain applications. For night photog 
raphy, for example, and other dimly lighted environments, the 
light intensity may be too low for the light sensors to operate 
effectively. For applications involving images which are not 
sharply defined and for rapidly changing scenes, the system 
disclosed in the copending application is sometimes unable to 
lock on a desired image. 

It is often desirable to photograph or telescopically view ob 
jects from moving vehicles such as automobiles, helicopters, 
trains, planes, boats and space vehicles. However the motion 
of these vehicles causes the viewed objects to "dance" so that 
it is often very difficult or impossible to discern, photograph, 
or televise details of the viewed objects. The problem is com 
pounded when the objects are moving and the observer must 
track the moving object with an optical instrument. Also 
under these conditions observer fatigue can be quite severe. 
Generally speaking, the sharpness of a picture is determined 
by the smallest element in it that can independently represent 
a certain number of gray shades particularly in pictures taken 
with a short exposure time. The relatively few exposed grains 
and the randomness of the grain distribution in each element 
make it difficult to achieve a sufficiently high signal to noise 
ratio per element. Therefore, longer exposure may be desira 
ble. However is camera motion occurs during the longer expo 
sure period, the resulting "dance' or blur limits the smallest 
element that can have an independent number of gray shades. 
Accordingly, the need for a system to "freeze' the image and 
thereby eliminate the image "dance' is readily apparent in nu 
merous areas such as series reconnaissance, television, map 
making, the military field in general, motion picture making, 
and in the field of photography in general. 

Regarding aerial reconnaissance, one approach to this 
problem is to detect "pitch" and "yaw" of an aircraft (and 
hence a camera mount) by virtue of electrical transducers and 
utilize the signals generated thereby to actuate servo systems 
coupled to the camera mount or counteract the "pitch' and 
"yaw.' Such an approach is obviously cumbersome and ex 
pensive since many pounds of equipment must be mechani 
cally actuated. Also image "dance' in a telescopic gunsight 
presents obvious problems. 

It is, therefore, an object of the present invention to provide 
a new and improved image motion cancellation system. 

It is a further object of the present invention to provide a 
new and improved image motion cancellation system which 
may operate upon an image having relatively low light intensi 
ty. 

It is a further object of the present invention to provide an 
image motion cancellation system which may operate upon 
images which are not sharply defined or which lack clarity. 

It is yet a further object of the present invention to provide 
an image motion cancellation system particularly useful in 
aerial photography for eliminating intentional film motion, 
within each “take' or frame period, utilized in the prior art to 
provide image motion cancellation in accordance with the 
“YIH'ratio. 

It is yet a further object of the present invention to provide a 
camera which may clearly and distinctly photograph objects 
although the camera itself may be wildly gyrating. 
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2 
It is yet a further object of the present invention to provide 

optical viewing instruments such as cameras, telescopes, 
binoculars, gunsights, and television pickup tubes which 
eliminate "dance" due to random motions of the viewing in 
struments, due to the fact that they are hand held, vehicle 
mounted, or otherwise. 

It is yet a further object of the present invention to provide a 
unique fire control system. 

Further objects of the present invention will be apparent 
from the following description taken in conjunction with the 
following drawings in which: 

F.G. 1 discloses a hand held camera built in accordance 
with the present invention. 

FIG. 2 discloses the gyro circuit of FIG. 1. 
FIG. 3 discloses a telescope or gunsight built in accordance 

with the present invention. 
FIGS. 4 and 5 disclose embodiments of the present inven 

tion which have particular applicability to serial reconnais 
sance photography. 

FIG. 6 discloses an integrator circuit utilized in conjunction 
with the embodiments of the invention. 

FIG. 7 discloses electronic circuitry utilized in a novel fire 
control system embodying the present invention. 

FIG. 8 discloses a graph illustrating the operation of the 
trigger amplifiers of FIG. 7. 
FIG.9 discloses a logic table illustrating the operation of the 

firing circuits. 
FIG. 10 discloses a weapon velocity inhibit circuit. 
FIG. 11 discloses a trigger pressure inhibit circuit. 
FIG. 12 discloses an embodiment of the present invention 

utilized in the television field. 
In accordance with the present invention an optical viewing 

means is positioned upon a support member such as the frame 
of a vehicle, weapon, or a camera case along with imaging 
means which generally include an objective lens and an image 
converter or intensifier which focuses the image of the viewed 
object at the viewing means. Random motions of the support 
member which cause the aforesaid image "dance' are con 
verted into X and Y electrical signals proportional to the 
direction and degree of "dance." These signals are applied to 
a deflecting system which causes the electron image bundle 
generated within the image converter to be deflected by an 
amount and in a direction to cancel that image motion which 
would otherwise occur due to motions of the support member 
in the absence of the deflecting system. 

FIG. 1 discloses a camera 1, which could be handheld, hav 
ing a light tight case 2 and an objective lens 3, positioned at 
one end of the case, as shown. An image converter or intensifi 
er tube 4, focusing lens 5, and film 6 are positioned as shown. 
Film 6 is positioned within focal plane 8 and is supported and 
actuated by rollers 9. Image converter tube 4 and focusing 
lens Sare, of course, affixed to case 2. 
A scene to be photographed is imaged upon photoemissive 

screen 11 by lens 3. As photons strike the photoemissive 
screen 11, coated on the inside of the evacuated envelope of 
the image converter, several electrons are emitted for each 
photon. Focusing and accelerating electrodes, not shown, but 
contained within image converter 4, cause the electron bundle 
composed of a number of electron streams to be focused upon 
phosphor target screen 12. Since the intensity of the electron 
streams emitted by incremental areas of the photoemissive 
screen are proportional to the intensity of light falling upon 
these incremental areas, it follows that the total electron bun 
dle making up the numerous electron streams, represent the 
viewed scene, and will be reconverted into an optical image by 
the phosphor target screen 12. In the preferred embodiment 
of the present invention, the optical image focused upon 
screen 11 will be amplified owing to the acceleration of the 
electron streams within the image converter or image intensi 
fier 4. However the image need not necessarily be amplified. 
For a discussion of various types of image converters see Van 
Nostrand's Scientific Encylopedia, third edition, January, 
1958, page 860. 
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An X direction rate gyro circuit 13 is electrically coupled to 
magnetic deflection yoke 14, which is associated with image 
converter 4, through integrating amplifier 16. Likewise Y 
direction rate gyro circuit 17 is coupled to Y direction mag 
netic deflection yoke 18 through integrating amplifier 19. 
Gyro circuits 13 and 17 are well known to those skilled in 

the art. FIG. 2 schematically discloses the major components 
of gyro circuits 13 and 17, however. 

It should be appreciated at this point that the aforesaid 
image motion or "dance,' which is to be cancelled out by the 
present invention, is due primarily to angular motion of 
camera 1 about optical axis 7. As mentioned hereinbefore, the 
angular X and Y direction motions of camera 1 are detected 
by transducer means associated with the camera and cause 
electrical fields to be set up within image converter 4 in a 
direction and by an amount to cancel the "dance' effect 
which would otherwise be produced in the absence of the 
deflecting means. Accordingly, the gyro circuits 13 and 17 
together with their associated integrating amplifiers 16 and 19 
cause currents to pass through yokes 14 and 18 proportional 
to angular displacement of the camera axis. X direction rate 
gyro 21 of FIG. 2 is supplied with a 400 cycle, 26 volt, carrier 
signal produced by AC generator 22. The output of the gyro is 
applied to a phase sensitive detector 23 via amplifier 24. The 
phase sensitive detector 23 is also supplied with a reference 
signal which is the same as that signal applied by AC source 22 
to rate gyro 21. The amplitude modulated carrier applied to 
phase sensitive detector 23 by the rate gyro will be amplitude 
modulated in accordance with the instantaneous angular 
velocity of the camera with respect to the gyro axis. The 
direction of the angular velocity will be indicated by the rela 
tive phase of the AM carrier produced by rate gyro 21 with 
respect to the reference signal applied to detector 23. In other 
words as the angular velocity of the gyro increases in a first 
direction with respect to the camera case 2, the amplitude of 
the low frequency detected signal increases and has a positive 
polarity. Where this angular velocity decreases in the first 
direction the amplitude of the detected signal decreases but is 
still positive. On the other hand if the angular velocity 
direction is reversed, a negative signal will be produced by de 
tector 23, the amplitude of which is proportional to the instan 
taneous angular velocity of the gyro with respect to case 2. 
Accordingly, it should be appreciated that the output of detec 
tor 23 produces an AC voltage wave shape which represents 
instantaneous angular velocity against time, which wave shape 
which will be both positive and negative depending on the in 
stantaneous direction of the angular velocity of motion of the 
case with respect to the gyro axis. As is also well known to 
those skilled in the art, the integration of such a wave shape 
produces a wave shape which represents the instantaneous 
position of the case with respect to the gyro axis both to the 
left and to the right of the null position. Accordingly, it should 
be understood that the instantaneous position of the camera 
case about a null, "home' or "on target' position will cause 
an electrical field to be set up within image converter 4 pro 
portional to such deviation. Thus the electron image within 
the converter becomes "frozen.' Of course, the Y direction 
gyro circuit 17 would be identical with X gyro circuit 13, so 
that the composite "pitch' and "yaw' deviations of the 
camera case about the "target' viewing position will enable 
image motion or "dance' to be completely cancelled out. The 
resulting photos taken by the inventors have been clear and 
distinct where they would otherwise have been smeared 
beyond recognition. 

It should be understood that, if desired, electrostatic deflec 
tion plates may be utilized in image converter or image inten 
sifier 4 in place of the magnetic deflection yokes. However the 
use of magnetic deflection yokes are preferable in view of the 
elimination of high voltage power supplies. It should also be 
understood that although in the preferred embodiment image 
converter 4 will act as an optical image intensifier, light am 
plification by means of the operation of image converter 4 is 
not essential where the scene to be viewed is sufficiently 
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4. 
bright. The actual image tube utilized in one camera built by 
the inventors was an RCA C33004B (development type) tube. 
The yokes were produced by Syntronics Instruments Incor 
porated model number C344OY 19580. The gyro was a U. S. 
time model 60 while the amplifiers were Philbrick P65/A 
operational amplifiers. 
A terrestrial telescope was built by the inventors in ac 

cordance with the present invention and is schematically 
shown in FIG. 3. The telescope comprises telescopic objective 
26, image converter or intensifier section 27, ocular 28 and 
the deflection system housing 29 which includes the 
gyroscopes. Cooling fins 31 were formed on the outside of 
housing 29 in order to provide for gyroscope cooling. Owing 
to telescopic objective 26, distant objects are viewed by the 
telescope and, therefore, it should be apparent that slight mo 
tions of the telescope will cause the image viewed by the ob 
server by means of ocular 28 to "dance' about. A telescope 
manufactured in accordance with the present invention will 
eliminate this "dance' so that details of the distant scene 
which is viewed by the telescope may be rapidly and readily 
discerned without the accompanying operator fatigue which 
occurs through the use of standard telescopes. The telescopic 
objective 26 focuses the distant scene upon the photo-emis 
sive screen of the image intensifier tube and the ocular 28 
focuses the image produced by the phosphor target screen at 
the retina of the observer or in the alternative at a photo 
graphic plate. This embodiment is otherwise similar to FIG. 1. 

FIGS. 4 and 5 schematically disclose aerial cameras which 
embody the present invention. As mentioned hereinbefore, 
the use of highly stabilized platforms to prevent camera mo 
tion owing to "pitch' and "yaw' of an aircraft are extremely 
expensive, cumbersome, and complex. 

In FIG. 5 the frame or body of the aircraft 32 supports plat 
form 33 by means of shock mounts 34 which prevent high 
frequency vibrations of the aircraft frame 32 (i.e. frequencies 
above 40-60 cycles per second) from vibrating the image in 
tensifier or camera element relative to each other or other 
wise. Camera 36 is schematically shown rigidly mounted upon 
platform 33 by means of struts 37 and 38. Likewise image in 
tensifier 39 is rigidly affixed to platform 33 by means of struts 
41 and 42. It should be appreciated that platform 33 together 
with aircraft frame 32 form a composite support member for 
the camera system. Objective lens 43 is schematically shown 
mounted within the support platform and focuses the scene to 
be photographed on the photo-emissive screen of image con 
verter 39 in the embodiment of FIG. 1. The optical image 
produced by the phosphor target screen of image converter 39 
is likewise focused upon film 44 by means of lens 46. The 
flight path of the aircraft is schematically represented by 
arrow 47 while the "pitch' of the aircraft is represented sche 
matically by arrows 48 and 49. In this embodiment the "pitch' 
of the aircraft will be termed the X direction camera support 
deviation, while the "yaw' of the aircraft will be represented 
by the Y direction angular deviation. It should now be un 
derstood that for a given frame or (take) the "pitching' and 
'yawing' will cause a certain degree of image smear so that 
resolution is thereby degragated. In accordance with the 
present invention these effects of "pitch' and "yaw' upon the 
image produced at the camera focal plane is cancelled out, 
just as the image motion due to the aforementioned cameras 
and telescope motions are cancelled out. 

In these embodiments free gyros are utilized rather than 
rate gyros, so that the integration amplifiers discussed herein 
before may be omitted. However it should be understood that 
rate gyros together with their associated integrating amplifiers 
on accelerometers together with their associated double in 
tegrating amplifiers may also be utilized. 
The output circuit of X direction free gyro 63 is electrically 

coupled to the X direction magnetic deflection coil 51 via 
adder 52 and amplifier 53. In view of the previous description 
of the embodiment of FIG. 1, it should be apparent that image 
motion or "dance" at film 44 due to the pitching of the air 
craft will be effectively cancelled out by means of magnetic 
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deflection coil 51. Likewise image motion due to the yaw of 
the aircraft is cancelled out by means of Y direction free gyro 
54 which is coupled to Y direction magnetic deflection yoke 
56 via amplifier 57. Thus the "up" and "down" pitch motion 
of the aircraft will cause currents to flow through the X 
direction magnetic deflection coil 51 in a direction depending 
upon whether the instantaneous pitch is "up" or "down" and 
in an amount depending upon the degree of said deviation. 
Likewise "left" and "right" yaw deviations will cause currents 
to flow in opposite directions through deflection coil 56 and in 
an amount depending upon the degree of saidyaw. 
The purpose of adder 52 will become apparent upon the in 

spection of FIG. 4. The flight of the aircraft is schematically 
disclosed by arrow 58. As is well known to those skilled in the 
art of aerial reconnaissance, there will be an apparent image 
motion at the camera focal plane owing to the forward motion 
of the aircraft, the degree of this image motion being propor 
tional to the well known V/H ratio, where V is the relative 
velocity of the aircraft with respect to the ground where the 
ground is being photographed, and H is the altitude of the air 
craft. It should be apparent that the higher the velocity of the 
aircraft with respect to the ground scene being photographed 
the greater the apparent image motion at the camera focal 
point. On the other hand, the greater the altitude the aircraft 
with respect to the ground scene the less the degree of ap 
parent image motion at the focal plane of the camera. In the 
prior art the V/H ratio is determined, and from that deter 
mination the film is intentionally moved during each "take" 
an amount proportional thereto, so that the film "chases' the 
moving image at the camera focal plane and as a result smear 
is considerably reduced and resolution is greatly improved. 
This intentional film motion within a given frame or "take' 
has been eliminated by the inventors by means of applying a 
sawtooth wave form to the X direction magnetic deflection 
coil 51' and consequently intermittent film motion during a 
given frame or "take" is no longer needed. In the absence of 
the application of a sawtooth wave to magnetic deflection coil 
51", the image would move to the right on film 58. However, 
the increasing magnetic field produced by the sawtooth wave 
applied to deflection coil 51' will “freeze" the image so that 
there is no apparent image motion with respect to the camera 
focal plane, thereby to eliminate the complex mechanism for 
moving the film during a given frame. The output circuit of 
variable slope sawtooth generator 59 is coupled to X direction 
magnetic deflection coil 51' through amplifier 61, as shown in 
FIG. 4. As is well known to those skilled in the art, the slope of 
the wave form produced by sawtooth generator 59 may be 
varied by varying the value of the capacitor or resistor in the 
RC circuit of the generator, V/H computer 62, therefore, will 
vary the time constant of the RC timing circuit within the saw 
tooth generator in proportion to the computed V/H ratio, to 
alter the slope of the wave form and hence the degree of image 
motion cancellation as required by the particular V/H ratio. 

It is often desirable to optically “freeze" a viewed portion of 
an item mounted upon a shaker table, which is used to vibrate 
the item mounted thereon in a known mode, such as a 
sinusoidal mode. One method of "freezing' the viewed por 
tion would involve the use of a stroboscope, which produces 
an intense light flash having a very short duration relative to 
the vibrational period of the table, which flash is synchronized 
with the frequency of vibration of the shaker table. However, 
if the flash frequency is not quite synchronized with the shaker 
table frequency, which is often the case, the viewed portion of 
the item on the table will appear to slowly move, or drift, 
which of course is undesirable. Another method of accom 
plishing the foregoing is to utilize the system disclosed in the 
aforesaid Arazi application. A third method is available utiliz 
ing the teachings of the present invention. The image motion 
of the viewed portion of the item mounted upon the shaker 
table is generally known and controlled so that transducer 
means may be mounted upon the table or upon the table drive 
shaft to produce electrical signals proportional to the instan 
taneous position of the table. For example, where the table 
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6 
vibrational mode is sinusoidal, an AC generator may be driven 
by the table drive shaft and the signals produced thereby 
would be applied to the deflection coils of the image intensifi 
er in a manner to "freeze' the image in accordance with the 
aforesaid teachings of the present invention. Should the table 
or base support member of the viewed item have a vibrational 
mode which is not predetermined, a transducer may be 
mounted upon the table thereby to produce an electrical 
signal proportional to the displacement of the table, against 
time, as in the foregoing embodiments. 

In a high speed motion picture camera, where the film is 
continuously driven through its focal plane at high speed, a 
prism is rotated to cause the image to "chase" the film, 
thereby to eliminate relative motion between the image and 
the film, to in turn produce a distinct picture. Since the film 
motion rate is known, it may be seen that the rotating prism 
may be replaced by the stationary image converter whose 
deflection coils are supplied by current from a signal genera 
tor proportional to the instantaneous displacement of the 
moving film from a starting datum during a given "take", all in 
accordance with the teachings of the present invention. Of 
course, if electrostatic plates are utilized as part of the image 
intensifier deflection means, a high voltage would be applied 
to the plates proportional to the film displacement from the 
starting datum position. 

In FIG. 5 V/H analog computer 62' is connected to variable 
slope sawtooth generator 59 in accordance with the discussed 
arrangement of FIG. 4. The output circuit of sawtooth genera 
tor 59 is applied to a first input terminal of analog adder 52, 
while the output circuit of X direction free gyro 63 is coupled 
to the second input terminal of adder 52. Since the apparent 
image motion at the camera focal plane is a function of both 
the random "pitch' of the aircraft and the aforesaid V/H 
ratio, it should now be apparent that the output voltages of 
sawtooth generator 59 and free gyro 63 should be added so 
that current may be applied by amplifier 53 to deflection coil 
51 proportional to the composite image motion and in a 
direction to thereby oppose said motion so as to "freeze" the 
viewed image at the focal plane of camera 44. 

Frequently, the hand held camera disclosed in the FIG. 1 
embodiment, the terrestrial telescope shown in FIG. 3 and 
cameras mounted upon various vehicles such as the cameras 
disclosed in FIGS. 4 and 5, are slowly panned; that is their lon 
gitudinal axis are angularly rotated to follow a moving object 
for instance, or to view a different portion of the earth's sur 
face. In the case of the hand held camera the longitudinal axis 
never will be angularly rotated to follow a moving object 
about 2 cycles per second. However, in order to prevent this 
very low frequency oscillation from affecting the current in 
the deflection coils, thereby to displace the entire field of 
view, a "leaky' integrator shown in FIG. 6 was developed. In 
order to prevent integrator circuit 16' from responding to the 
positioning of the camera which would cause gyro 21' to 
produce frequencies below 2 cycles, resistor 63 is connected 
in shunt with the integrating capacitor of integrating circuit 
16' as shown in FIG. 6. The value of the resistor is chosen rela 
tive to the value of the capacitor such that the integrator 
capacitor will not charge up due to currents produced by 
signals applied thereto below 2 cycles a second. In other words 
resistor 63 will drain the capacitor to prevent charging at these 
frequencies. Where a one microfarad integrating capacitor 
was utilized in conjunction with a Philbrick P65 operational 
amplifier, a satisfactory value of resistor 63 was found to be 
500 Ohms. 
By the employment of a telescope such as shown in FIG. 2, 

and by use of additional electronic circuitry such as disclosed 
in FIG. 7, a novel electronic gun sight and automatic firing 
control system may be fabricated in accordance with the 
present invention. Cross hairs are provided within objective 
26 or elsewhere in the optical train on the target side of the 
image converter. The telescope is mounted on a weapon such 
as a rifle. In the absence of the aforesaid teachings of the 
present invention the point of intersection of the cross hairs 
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will "dance" about the target in response to randpm motion of 
the weapon due either to body motion of the individual aiming 
the weapon or due to the movement of a vehicle upon which 
the individual is being carried. With the telescope of FIG. 2, 
fabricated in accordance with the present invention, this 
"dance' will cease and the cross hairs will appear stationary 
with respect to the target scene since the cross hair image will 
form part of the target image applied to the photo-emissive 
screen of the image converter. However the longitudinal axis 
of the rifle bore is still randomly and angularly gyrating about 
the target axis which may be described as the straight line 
between the actual target and the bullet in the bore situated at 
the firing position. As explained in detail hereinbefore, when 
the angular deviation of the longitudinal axis of the optical 
system with respect to the "home' position is zero in both the 
X and Y directions, the integrating amplifiers will produce 
zero voltage outputs so that no current flows in the X and Y 
deflection coils, and consequently the image is not shifted 
about its "home' position within the image intensifier tube. At 
some instant during the aforesaid period of angular gyration of 
the longitudinal axis of the bore of the weapon about the tar 
get axis, the bore axis and target axis will coincide and the 
aforementioned zero voltage conditions at the output of both 
the X and Y integrating amplifiers will occur. In accordance 
with the present invention, this condition is virtually instan 
taneously sensed electronically, and a sharp pulse is applied to 
a firing device such as a trigger solenoid. Statistacally speak 
ing, this "on target' voltage condition should occur very 
shortly after the initial citing of the target. It is conceivable 
that this condition could also be sensed by the detection of a 
lack of magnetic or electric field within the image intensifier 
rather than utilizing the zero output voltages at both of the in 
tegrating amplifiers to make this determination. 
An optional inhibiting circuit is also provided for preventing 

the energization of the trigger solenoid even though the 
aforesaid zero voltage conditions are present at the output of 
both X and Y integrating amplifiers. The inhibition of the ac 
tuation of the trigger solenoid will be produced, unless a mini 
umum trigger pressure exists upon the trigger, indicating that 
the individual handling the fire arm is set and does intend to 
actually fire the weapon at this time. Additionally, should the 
angular velocity of the longitudinal axis of the bore be greater 
than a predetermined amount, an inhibit condition is 
produced which prevents energization of the trigger solenoid. 
Where the angular velocity of the weapon is quite high, it may 
be seen that by the time the bullet emerges from the barrel, 
the bore axis and the target axis will be slightly but signifi 
cantly displaced from one another, so that the target might be 
missed, particularly if the target is small; or putting it another 
way, the bullet direction as it emerges from the bore will be 
slightly but significantly different from the direction of the 
bullet axis upon being fired. 
The telescope of FIG. 3 is mounted upon a weapon such as a 

rifle and the circuitry to be discussed hereinafter is added to 
the basic system of FIGS. 1-3. 
FIG. 7 discloses the X and Y direction firing circuits 

together with circuitry responsive to each firing circuit for ac 
tuating a trigger solenoid, which fires the weapon. X direction 
firing circuit 66 is coupled to the output circuit of X direction 
integrating amplifier 16, while Y direction firing circuit 68 is 
coupled to the outlet circuit of Y direction integrating amplifi 
er 19. The purpose of X and Y direction firing circuits 66 and 
68 is to set the stage for the actuation of trigger solenoid 71 
when the aforementioned zero deflection condition is present 
within the image intensifier 2, thereby to indicate that the lon 
gitudinal bore axis of the weapon is coincident with the target 
axis. DC trigger amplifiers 67 and 69 may be any amplifiers 
having the voltage characteristics disclosed in FIG. 8. When 
the output voltage of an integrating amplifier becomes more 
positive than point 72, the output voltage of the trigger ampli 
fier will sharply rise to a relatively large positive voltage as 
shown by the graph. On the other hand, should the negative 
voltage produced by the integrating amplifier output exceed 
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8 
the voltage represented by point 73 of FIG. 8, the output volt 
age of the trigger amplifier will go sharply negative as shown. 
Points 72 and 73 are extremely close to the aforesaid zero 
voltage condition so that between points 72 and 73 the stage 
will be set for the actuation of trigger solenoid 71. This type of 
double trigger amplifier is readily available. Type D-9505 
operational amplifier, manufactured by Signetics Integrated 
Circuits of Sunnyvale, California, may be utilized. If desired, 
twin schmidt triggers may be utilized in place of such an am 
plifier to obtain the wave form of FIG. 8, as is well known to 
those skilled in the circuit design field. 
The electronic circuitry of FIG. 7 is a logic circuit which 

will, under certain conditions besides the coincident produc 
tion of the "zero' voltage conditions at the output circuits of 
the integrating amplifiers, cause energization of trigger sole 
noid 71. 
X and Y direction firing circuits 66 and 68 will cause a mark 

to be produced by nand (nor-and) gate 74 upon the simultane 
ous production of the "zero' voltage condition at the output 
circuits of the integrating amplifiers which as explained earlier 
indicate the coincidence of the longitudinal bore axis of the 
weapon with the target axis. FIG. 9 discloses a table which sets 
forth the logic performed by each firing circuit. The "ground' 
trigger amplifier output (72-73) is the firing range area shown 
in FIG. 8 and is indicative of the "zero' output voltage condi 
tion. As shown by the table, a mark (positive) will be 
produced by nand gate 74 only where the ground or "zero" 
voltage condition is simultaneously present at the trigger am 
plifier outputs. 
A ground condition at the output circuit DC trigger amplifi 

er 67 causes NPN-transistor T-1 to assume the conductive or 
"on' condition. As diode 76 becomes forward biased so that 
the voltage at the base of transistor T-1 goes positive with 
respect to the emitter. This ground condition at the output cir 
cuit of trigger amplifier 67 also forward biases diode 77 which 
causes the base of transistor T-2 to go negative with respect to 
the emitter, to cause NPN-transistor T-2 to assume the "off" 
condition. With T-1 in the "on" condition, ground (no mark) 
is applied to the first input terminal of nand gate 74. With T-2 
"off" a positive voltage is applied to inverter 78, which also 
produces a ground (no mark) condition at the second input 
terminal of nand gate 74. Under these conditions, and only 
under these conditions, a positive mark will be produced at 
the first input terminal of and gate 78 (as nand gate 74 is fully 
enabled) thereby to partially enable gate 78. In like manner 
the production of a ground or "zero' voltage at the output ter 
minal of DC trigger amplifier 69 causes a positive mark to be 
produced by Y direction firing circuit 68 at the second input 
terminal of and gate 78, thereby to further enable this and 
gate. Excluding for a moment the function of the inhibit ter 
minal of and gate 78, it should now be seen that the simultane 
ous production of "zero" voltage conditions at the output cir 
cuits of the integrating amplifiers will cause and gate 78 to be 
fully enabled, thereby to actuate a one shot multi-vibrator 79, 
which in turn energizes amplifier 81 to operate trigger sole 
noid 71. Details of the Y direction firing circuit 68 have been 
omitted since this circuit is identical with X direction firing 
circuit 66. Should a positive voltage output be produced by 
trigger amplifier 67 T-1 will be turned on and T-2 will also be 
turned on. Under these conditions inverter 78 will cause a 
positive voltage to be applied to the second input terminal of 
nand gate 74, and as a result no mark may be produced by the 
nand gate at this time and thus and gate 78 is disenabled and 
trigger solenoid 71 may not be actuated. On the other hand 
should the output voltage of trigger amplifier 67 be negative, 
T-1 will be "off" and a positive voltage (mark) is applied to 
the first input terminal of nand gate 74, thereby to prevent the 
production of a mark at the output terminal of the nand gate. 

FIG. 10 discloses circuitry which inhibits the aforesaid 
operation where angular bore velocity exceeds a given 
predetermined amount in either a positive or negative 
direction, that is, either swinging from left to right or right to 
left. When this angular velocity is exceeded in either direction, 
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it is desired to inhibit the actuation of trigger solenoid 71 since 
the angular momentum of the bore will cause the bullet to 
miss the target as previously mentioned. X direction rate gyro 
21" is shown coupled to phase sensitive detector 23' which are 
components disclosed in FIG. 2 and discussed hereinbefore. It 
may be recalled that the amplitude of the output voltage 
produced by phase sensitive detector 23 is proportional to the 
angular velocity of the bore. The polarity of this voltage is in 
dicative of the direction of the bore; that is swinging right to 
left or left to right. Positive clipper 83 and negative clipper 84 
are coupled to the output circuit of phase sensitive detector 
23' as shown in FIG. 10. Upon the occurrence at the output 
circuit of detector 23' of a positive voltage greater than a 
predetermined amount, which indicates an angular velocity 
above a predetermined amount, a signal will be produced in 
the output circuit of positive clipper 83, thereby to actuate 
one shot multi-vibrator 86, which in turn causes a mark to be 
produced at the first input terminal of orgate 87. This mark is 
forwarded over conductor 88 to the aforesaid inhibit inputter 
minal of and gate 78, thereby to inhibit the actuation of trigger 
solenoid 71 which might otherwise occur. On the other hand 
should the output voltage of phase sensitive detector 23' ex 
ceed a predetermined amount in the negative direction, nega 
tive clipper 84 will cause the actuation of one shot multi-vibra 
tor 89, which causes a mark to be produced at the outputter 
minal of or gate 87, thereby to inhibit and gate 78 to prevent 
the actuation of trigger solenoid 71. 

It will often be desirable to further inhibit the operation of 
firing circuits 66 and 68 where an angular velocity on the Y 
(up-down) direction exceeds a predetermined value. This is 
accomplished by merely providing a second inhibit circuit 
such as the circuit of FIG. 10, having its input coupled to the Y 
rate gyro circuit and having its output coupled to inhibit con 
ductor 88. 
As in the case of cameras and telescopes, television pick-up 

devices, etc. we do not wish the panning or slow rotation of 
positioning of the rifle to have any affect upon current flowing 
through the deflection coils of the image converter except 
during stationary target shooting as explained hereinafter. We 
are generally interested in examining those frequencies above 
1 or 2 cycles per second which represent wobble of the rifle 
bore so that we may hit the target. Accordingly, resistor 91 is 
connected in shunt with capacitor 92 as in the panning circuit 
disclosed in FIG. 6, and discussed hereinabove. 

FIG. 11 discloses an inhibit circuit which may be utilized to 
inhibit the enabling of and gate 78 as long as a minimum 
predetermined trigger pressure is not being applied to trigger 
93. In other words if the individual handling the weapon is not 
"set,' although the electronic circuitry is full enabled, we do 
not generally wish to actuate the trigger solenoid. If this inhbit 
circuit is connected, by closing switch 94, for careful studied 
target shooting, the weapon will not be fired until the in 
dividual bearing the fire arm is in the “set' position. On the 
other hand should the individual bearing the fire arm be en 
gaged injungle warfare or the like, time may be of the essence 
so that we would want to disenable this inhibit circuit by open 
ing switch94. Trigger 93 is connected to a portion of the rifle 
frame 96 by means of spring 97. The trigger 93 is actuated in 
the direction indicated by arrow 98. A stationary contact 
member 99 is in brushing relationship with a metallic surface 
of trigger 93. When trigger 93 is moved in the direction in 
dicated by arrow 98 and a predetermined trigger pressure has 
been produced by spring 97, spring contact 99 is completely 
"uncovered' so that it is no longer in metallic electrical con 
tact with trigger93. Metallic rifle frame portion 96 has a posi 
tive voltage thereon so that a positive mark is produced at the 
anode of diode 101, to in turn produce a positive mark on in 
hibit conductor 88 of FIG. 7, as long as contact 99 is covered, 
thereby to inhibit the actuation of trigger solenoid 71. How 
ever when the predetermined trigger pressure is exceeded, 
and contact 99 is no longer electrically contacting trigger 93, 
the positive voltage which was previously applied to the anode 
of diode 101 is removed so that a mark is no longer applied to 
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10 
and gate 78 to inhibit it. Thus it should be apparent that when 
switch 94 is closed, and a predetermined trigger pressure has 
been produced, the positive voltage normally applied to the 
anode of diode 101 is removed and the inhibit condition is no 
longer produced by the circuit of FIG. 11. By opening switch 
94, this inhibit circuit is no longer operative. 

Regarding stationary targets, let it be assumed that the 
bearer of the weapon is pointing same away from the target 
area. Typically he would swing the weapon around until it 
comes to rest in the general target area. If desired, image 
stablization could be off at this time and a switch could be pro 
vided to enable the bearer to enable the stablization system 
upon the weapon coming to rest in the general target area, 
thereby to "freeze" the viewed target image. However, for stu 
died stationary target shooting, it would be undesirable to fire 
the weapon at this time although the aforesaid zero current 
(no wobble) conditions through the coils might be present. 
However, pressure would not yet be exerted on trigger 93 so 
that the trigger solenoid is disenabled by virtue of electrical 
contact 99, as previously explained. The bearer of the weapon 
now causes the cross hairs to be placed directly over the 
center of the target and at this time squeezes the trigger 
thereby to "uncover' electrical contact 99 which enables 
previously inhibited gate 78 to in turn enable the firing circuit. 
Statistically speaking the zero current condition will now be 
produced in a very short time so that the weapon is fired upon 
the coincidence of the target axis and the bore axis as ex 
plained in detail hereinbefore. 

Just as contact 99 is uncovered, trigger 93 contacts button 
100, which causes the energization of relay 105 via closed 
switch95, to in turn disconnect resistor 91 of both X and Y in 
tegrating amplifiers thereby to disenable panning. It is desira 
ble to disenable panning at this time because otherwise it is 
possible for the bore axis to slowly wander or drift slightly off 
target and thereafter manifest at a new settling position a "no 
wobble' or zero current condition through the X and Y 
deflection coils, to in turn fire the weapon. If panning were on, 
the voltage produced by the gyros due to the aforesaid low 
frequency drift would not be recognized by the R-C circuit of 
the leaky integrator-amplifier and thus the weapon might fire 
and miss the target. With panning off, a charge would be built 
up in at least one of the integrating capacitors due to this drift 
and would prevent the actuation of the fire control circuits as 
previously explained. Unless and until the bore axis is reposi 
tioned back to the target axis, this charge would not be 
removed from the integrating capacitors and the system would 
not fire. As explained hereinbelow, panning is on when a mov 
ing target is tracked. Under this condition trigger inhibit 
switch94 is opened to in turn open ganged switch95, thereby 
to prevent trigger pressure from disenabling panning. 
A further refinement may be added which allows the bearer 

of the fire arm to pull the trigger all the way back to an ex 
treme position to thereby over-ride all of the aforesaid elec 
tronic circuitry and cause the weapon to be manually fired. 
Such a circuit would merely involve the introduction of a con 
tact button such as button 99, positioned to be covered by 
trigger 93 upon the full backward positioned of the trigger, 
which in turn could complete an electrical circuit to actuate 
the trigger solenoid. 

If it is desired to fire at a moving target, the aforesaid 
stablization switch is thrown on to effect image stablization in 
accordance with the present invention, while trigger inhibit 
switch94 is opened so that the fire control system is fully ena 
bled while the moving target is being optically tracked. If in 
hibit disable switch 94 were not opened, the bearer of the 
weapon would have to pull the trigger partially back while fol 
lowing the moving target, which might accidentally cause the 
aforesaid over-ride firing condition to be met and the weapon 
would be inadvertently fired. As soon as the aforesaid zero 
current condition is met during tracking, the weapon would 
automatically fire. 

FIG. 11 discloses the present invention as utilized in a 
television environment. An image orthicon camera tube 102 is 
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disclosed, having a photo cathode 103 for converting the 
televised optical scene into an electron image. Electrons mak 
ing up the image are accelerated and focused upon secondary 
emission target screen 104. The electrons which are secon 
darily emitted are collected by collecting screen 106 and the 
resulting charge variation upon secondary emission target 
screen 104 is sensed by scanning beam 107 which becomes in 
tensity modulated in accordance with this charge pattern, so 
that the return beam 108 produces a serial video signal train in 
accordance with the scene being viewed. All of the foregoing 
is completely conventional. For a more complete discussion 
and disclosure of an image orthicon tube see page 860 of Van 
Nostrand's Scientific Encylcopedia, third edition, 1958. In ac 
cordance with the present invention two pairs of electron 
image deflecting plates 109 are introduced into tube 102, as 
shown, thereby provide means for deflecting the electron 
image. Each pair of plates is coupled to an associated gyro cir 
cuit of FIG. 2 through an associated integrating amplifier; the 
gyro circuits in turn being affixed to the camera support case 
111, as shown. 

In the absence of deflection plates 109 or equivalent elec 
tromagnetic yokes, which of course could be utilized in place 
of the electrostatic deflection plates, motions of the camera 
support case would produce the aforementioned image dance 
at target screen 104. Since the gyro circuits of FIG. 2 are af. 
fixed to camera support case 111, this image dance or motion 
is fully compensated for in the same manner as described 
hereinabove in connection with the other embodiments of the 
present invention. Of course, a second pair of deflection plates 
coupled to a second gyro circuit through a second integrating 
amplifier are provided but are not shown in FIG. 11 in order to 
clarify the figure. 
The advantages resulting from the use of the present inven 

tion in the video field are particularly dramatic where the 
television camera equipment is mounted on a moving vehicle 
such as a helicopter, or automobile traveling over roughter 
21. 

Likewise the present invention would be equally applicable 
to a movie camera mounted on such a vehicle to thereby sta 
bilize the scene being photographed. 
The photoemissive screen of the image converter may be 

coated to produce an electron image manifesting a pattern of 
incident infrared radiation, so that the fire control system em 
bodying the present invention may be utilized for night firing 
where the target is dimly illuminated. In like manner telescop 
ic viewing and photographing in accordance with the present 
invention invention may be carried out at night. 
While there has been described what is at present con 

sidered to be the preferred embodiment of this invention, it 
will be obvious to those skilled in the art that various changes 
and modifications may be made therein without departing 
from the invention and it is, therefore, intended in the ap 
pended claims to cover all such changes and modifications as 
fall within the true spirit and scope of the invention. 
What is claimed is: 
1. A fire control system comprising: 
a. a weapon having a bore, said bore having a longitudinal 

axis; 
b. viewing means for viewing the image of said target; 
c. photosensitive imaging means fixed with respect to said 
weapon and movable therewith, for presenting an image 
of said target to said viewing means; 

d. indicating means for producing signals indicative of the 
degree of displacement of the longitudinal axis of said 
bore away from a given target axis; 

e. deflection means coupled to said indicating means for the 
image produced by said photosensitive imaging means in 
response to said signals indicative of said degree of dis 
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12 
placement produced by said indicating means and in a 
direction tending to cancel a component of image motion 
caused by the aforesaid motions of said weapon; 

f, a firing device; and 
g. means responsive to said signals from said indicating 
means for actuating said firing device when said signals 
indicate the lack of displacement of the longitudinal axis 
of said bore from said given target axis. 

2. Apparatus as set forth in claim 1 wherein said fire control 
system includes means for allowing panning of said weapon at 
a low frequency without said deflection means deflecting the 
image produced by said photosensitive image means to com 
pensate for the low frequency panning. 

3. A fire control system comprising: 
a. a movable weapon which may be aligned with a target 
along a given target axis; 

b. photosensitive target imaging means fixed with respect to 
said movable weapon and movable therewith; 

c. sensor means for producing signals indicative of the 
degree of displacement of said weapon from said given 
target; 

d. deflection means responsive to the production of said in 
dications by said sensor means for deflecting the image 
produced by said photosensitive imaging means in a 
direction tending to cancel image motion otherwise 
caused by motions of said movable weapon away from 
said given target axis; 

... a firing device for firing said weapon; and 
actuating means responsive to said signals from said sen 
sor means for actuating said firing device when said 
signals indicate the lack of displacement of said weapon 
from said given target axis. 

4. The combination as set forth in claim 3 wherein said sen 
sor means includes an electrical transducer and said deflection 
means includes means for producing an electrical field having 
an intensity proportional to said degree of displacement. 

5. The combination as set forth in claim 4 wherein said sen 
sor means produces indications of angular displacement of 
said weapon from said given target axis. 

6. The combination as set forth in claim 4 wherein said tar 
get imaging means includes an image intensifier. 

7. The combination as set forth in claim 4 further including 
trigger means having a primed state and an unprimed state; 
means coupled to said trigger means and responsive to the 

manifestation of said unprimed state by said trigger 
means for inhibiting said actuating means as long as said 
trigger means remains in said unprimed state. 

8. The combination as set forth in claim 7 wherein said 
primed state is manifested as a predetermined minimum 
trigger pressure. 

9. The combination as set forth in claim 4 wherein inhibit 
means are provided for inhibiting said actuating means as long 
as said movable weapon is moving at a velocity greater than a 
predetermined velocity. 

10. The combination as set forth in claim 3 wherein said 
sensor means produces said indications having a frequency of 
occurrence between N and 100 cycles per second, where N 
may be any frequency between one and five cycles per second. 

11. The combination as set forth in claim 10 further includ 
ing means for extending the sensing range of said sensor 
means to produce indications having frequencies below 100 
cycles per second, including indications of displacement of 
zero to N cycles per second. 

12. Apparatus as set forth in claim 3 wherein said fire con 
trol system includes means for allowing panning of said 
weapon at a low frequency within said deflection means 
deflecting the image produced by said photosensitive target 
imaging means to compensate for the low frequency panning. 
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