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[5 7 ] ABSTRACT 

A missile guidance and control system comprising: a , 
source of infrared radiation carried by a missile to be 
controlled, means carried by said missile for modulat 
ing said radiation, an infrared tracker responsive to 
said modulated radiation for generating tracking error 
signals when said missile deviates from a desired path, 
shimmer cancellation means connected to said tracker 
for eliminating shimmer noise from the tracking error 
signals, a computer connected to ‘said tracker and re 
sponsive to said error signals for providing missile con 
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I 
MISSILE GUIDANCE AND CONTROL SYSTEM 
This invention relates in general to missile guidance 

and control systems and more particularly to a system 
which utilizes a tracker that follows a modulated source 
of infrared radiation carried by the missile to be 
tracked. 

In conventional and prior art infrared guidance and 
control systems, the radiance of the infrared source is 
the only detected quantity. These systems have the dis 
advantage that severe background problems arise un 
less some form of space filtering is used. The present 
invention overcomes this disadvantage by utilizing a 
high frequency modulation of the infrared source on 
the object to be tracked. Since the modulation of radia 
tion from "natural” objects is generally at a low fre 
quency, it is possible to choose a sufficiently high mod 
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ulation frequency so that background effects are negli- . 
gible. 
Accordingly, it is an object of this invention to pro 

vide an infrared guidance and control system that is 
substantially free of the effects of background radia 
tion. 

It is a further object of this invention to provide a 
guidance and control system wherein an optical system 
is programmed to the known range and position of an 
object to be tracked and controlled. 
A still further object ofthis invention is to provide an 

infrared guidance and control system wherein the spu 
rious effects of atmospheric modulation are reduced or 
eliminated. 
The above objects and advantages of the present in 

vention are obtained by providing a missile with a 
source of modulated infrared radiation and providing 
a means for measuring any deviation of this radiation 
from an established line of sight. A computer is pro 
vided for converting this measured deviation to pitch 
and yaw error signals which are in turn transmitted to 
the missile with an infrared transmitter. The missile is 
also equipped with an infrared receiver and ?ight con 
trol electronics to provide corrections to maintain the 
missile on the line of sight path. This system automati 
cally guides the missile to its target utilizing infrared 
tracking and command links capable of performing 
under the deleterious effects of background noise, dust, 
haze. and the rocket motor plume. 
A preferred embodiment of the invention will now be 

described in detail in conjunction with the accompany 
ing drawings wherein: > 
FIG. I is a block diagram of the ground based equip 

ment of a preferred embodiment of a guidance and 
control system according to the present invention; 
FIG. 2 is a block diagram illustration of the missile 

carried equipment of the preferred embodiment of the 
invention; 
FIG. 3 is a pictorial representation of a missile show 

ing the location of the modulated source of infrared ra 
diation and the infrared receiver of the preferred em 
bodiment of the invention; 
FIG. 4 is a cross sectional view of a modulated light 

source according to the invention; and 
FIGS. 5a and 5b illustrate the chopper reticle located 

in the tracker portion of the system. 
A missile guidance and control system according to 

the invention consists of launch site equipment shown 
in FIG. 1 and missile carried equipment shown in FIG. 
2. The launch site equipment includes a tracker 100 
which receives modulated infrared radiation from a 
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2 
missile to be tracked and provides a measure of any de 
viation of the missile from an established line of sight. 
This information is fed to a computer 200 which com 
putes pitch and yaw correction commands to be trans 
mitted to the missile by an infrared transmitter 300. 
The missile carries an infrared receiver 410, ?ight con 
trol electronics 450 and a modulated source of infrared 
radiation 490. 
Tracker 100 includes an optical device 102; which in 

a preferred embodiment is a variable focal length ob 
jective lens, programmed in time according to the 
known range vs. time characteristics of the missile 
being tracked. This programming is accomplished with 
motor 104 and timer circuit 106. Optical device 102 
focuses the received radiation which passes through a 
beam splitting device 108, which can be for example a 
silicon mirror, which separates the radiation into two 
portions at the 1.0 micron point. The energy below 1.0 
micron is fed to a PbS detector 110. This channel is 
used as a shimmer modulation cancellation loop. The 
1.0 to 2.5 micron energy passes through a rotating half 
plane A.M. reticle I12 and then to a PbS detector 114. 
Connected to the detector 114 is an ampli?er 116 
which is automatically gain controlled. An error signal 
demodulator 118 is connected to the output of ampli-. 
fier 116 and a modulation reference generator 120 
which is driven in synchronism with reticle 112. The 
tracker also includes a bias program 122 connected to 
detectors I10 and 114, an automatic gain controlled 
reference ampli?er 124, and an AGC ampli?er shim 
mer reference 126. 
Computer 200 includes a cant angle corrector 202 

having inputs connected to the error demodulator and 
to a cant angle input. A pair of pulse width modulators 
204 and 205 are connected to the outputs of the cant 
angle corrector and are controlled by clock frequency 
206. The computer also includes frequency shift oscil 
lators 208 and 210 connected to pulse width modula 
tors 204 and 205. 
Another piece of equipment located at the launch 

site is an infrared transmitter 300. The transmitter 
comprises two identical channels for transmitting pitch 

in 

and yaw commands to the missile. Lamp 302, in the _ 
pitch channel, provides the infrared radiation which is 
controlled by optical device 304 and projected by 
means of projection optics 306. Optical device 304 is 
controlled by a galvanometer mirror 308 that is driven 
by galvanometer driver ampli?er 310. The yaw channel 
of the transmitter is identical to the pitch channel and 
has the same reference numerals identifying the parts 
as the pitch channel except that primes have been 
added. 
The missile carried infrared receiver 410 utilizes an 

optical system 412 for focussing the received radiation 
on a PbS detector 414 which is connected to a signal 
ampli?er 416. The signal ampli?er has its output con 
nected to band pass ?lters 418 and 420 which are in 
turn connected to PWM discriminators 422 and 424, 
respectively. 
Another missile carried unit is the ?ight control elec 

tronics 450. This unit has PWM demodulators 452 and 
454 connected to the receiver discriminators and to 
pulse width modulators 456 and 458. The outputs of 
the modulators are fed to power ampli?ers 460 and 462 
which control hot gas valves 464 and 466. The ?ight 
control unit will be discussed with more detail in the 
description of the operation of the system. 
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As shown in FIG. 3, missile 400 carries the missile 
LR. receiver 410 and the modulated LR. source 490 at 
the rear of the missile adjacent the missiles nozzle 402. 

In operation, a tank gunner or other operator, utiliz 
ing an “Integrated Sight” visually acquires his target, 
?res the missile, and maintains the cross-hairs of his 
sight on the target until missile impact. The gunner thus 
establishes a line of sight to the target. The integrated 
sight may consist of a telescope having a common 
mounting with tracker 100 and being aligned there 
with. The optical axes of tracker 100 and transmitter 
300 are accurately boresighted to the line of sight es 
tablished by the operator’s sight. Transmitter 300 and 
the telescope share part of a common aperture, in one 
embodiment this aperture is in a tank turret. This is ac 
complished by an interference ?lter-mirror (not 
shown) which separates the visual energy (0.4-0.8 mi 
crons). Tracker 100 with a much smaller lens 102, uses 
the remainder of the common aperture but does not 
share its portion of the aperture with either the trans 
mitter 300 or the telescope. This separation is required 
since the tracker utilizes energy from the missile modu 
lated source 490 in the 0.4-1.0 micron region for shim 
mer cancellation. Upon leaving the launch site missile 
400 enters the ?eld of view of the tracker and transmit 
ter where its displacement from the line of sight is mea‘ 
sured by tracker 100 as an angle off the line of sight. 
This is accomplished by passing the radiation received 
from source 490 through lens 102 and mirror 108 ~ 
which passes energy above 1.0 microns through reticle 
112. Reticle 112 imparts from zero to 100 percent am 
plitude modulation on the signal from the modulated 
source 490. The per cent modulation varies linearly 
with distance off the optical axis over a portion of the 
total ?eld and then remains relatively constant at 100 
percent modulation for the remainder of the total ?eld. 
The A.M. reticle thus encodes position error into a 
polar coordinate signal at the output of signal detector 
114, at the reticle rotation rate. 
The amplitude modulated signal at the output of de 

tector 114 is processed through automatic gain con 
trolled ampli?er 116. Gain control of this signal is re 
quired to prevent saturation and loss of error signal in 
formation. The shimmer modulation and signal detec 
tors 110 and 114 receive programmed bias voltages 
from source 122 depending on time from missile 
launch to reduce the large dynamic ranges over which 
the AGC ampli?ers 116 and 124 in each loop must 
work. The program control is driven from timer circuit 
106 which is actuated from a gunner’s ?ring button. 
The signal channel output is carrier modulated by reti 
cle 112 and also by shimmer. The shimmer detector 
output is a constant carrier having only the unwanted 
shimmer modulation. The demodulated output of the 
shimmer detector can thus be inserted as an open loop 
AGC control of the signal AGC ampli?er 116. This ef 
fectively cancels the shimmer noise in the signal. 
Reference generator 120 ‘is driven by motor 104 and 

rotated in synchronism with reticle 112 to provide two 
90° displaced 30 cps signals which are used in synchro 
nous demodulator 118 to recover the rectangular coor 
dinate error signals. 
The outputs of demodulator 118, the pitch and yaw 

error signals representing distance off the LOS to the 
‘target are then sent to cant angle corrector 202, where 
a lg bias in the pitch axis input for gravity correction is 
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resolved into two axis components. These biases are 
then added to the error signals. The two d. c. error sig 
nals, the outputs of the cant angle corrector, are then 
sent to pulse width modulators 204 and 205 where they 
are transformed to command signals using four sepa 
rate frequency tones in a frequency shift keying tech 
nique. From the output of the frequency shift oscilla 
tors 208 and 210 the “on” and “off" time of the PWM 
modulators constitutes the “on” and “off” time for two 
separate frequencies f, and f2 for the yaw command and 
?g and f, for the pitch command. 
The pitch and yaw commands are then ampli?ed in 

power ampli?ers 310 and 310’ to drive galvanometers 
308 and 308' in the transmitter. The pitch and yaw op~ 
tical devices 304 and 304' are boresighted with each 
other and with the operator‘s telescope. The pitch and 
yaw commands to the missile are then transmitted 
through projection optics 306 and 306’, which are lo 
cated in the integrated sight, to the missile receiver 
412. 
The missile receiver optical system collects radiated 

infrared radiation from the transmitter and focuses it 
on PbS detector 414. The output signal from detector 
414 is ampli?ed in ampli?er 416 and fed to tone sepa 
ration ?lters 418 and 420. Frequencies fl and f; are sep 
arated, recti?ed in opposite polarity, and summed to 
reproduce the yaw PWM command. The pitch com 
mand is also reproduced in like manner. 
A two-axis gyro 470 is used for roll angle sensing and 

for providing a yaw axis inertial reference. An acceler 
ometer 472 provides a pitch damping reference. 
The output of yaw PWM demodulator 452 is sub 

tracted from the dc. output of a yaw gyro equalization 
network 474 and used to drive pulse width modulator 
456. The PWM signal is then used to drive yaw hot gas 
valve 464, which produces a force to eliminate the yaw 
displacement error from LOS. 
The error signals in the pitch and roll channels are 

used to produce missile force commands from hot gas 
valves 466 and 476 in the same manner as in the yaw 
channel. The two-axis gyro is uncaged when the missile 
is launched and provides roll stabilization and a yaw in 
ertial reference throughout the ?ight. 
Control of the missile to the line of sight with the hot 

gas valve force causes the modulated source 490 to be 
displaced to the LOS with the tracker error going to 
zero, thereby closing the outer loop of the guidance 
system. _ 

An embodiment of the modulated light source is il 
lustrated in FIG. 4. Four tungsten sources 491 operat 

, ing at a ?lament temperature of 3,200’ K are disposed 
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in a housing 492 and are positioned to the rear of a like 
number of optical projection systems 493. A common 
modulating reticle 494 is mounted on the shaft of and 
driven by a governed d.c. motor 495. 
The missile carried source of modulated infrared ra 

diation is imaged as an out-of-focus blur in the plane of 
tracker reticle 112, which is essentially a straight edge 
rotating about an axis located on that edge. Thus, the 
amount of low frequency modulation which the chop 
ping reticle imposes on the missile source signal is a 
function of the radial displacement of the blur image 
from the axis of reticle rotation. For example, as illus 
trated in HQ. 5a, if the blur spot 1121; is located on the 
axis of rotation of reticle 112, no modulation is intro 
duced, but if the blur spot is completely clear of the 
axis, the reticle modulation is 100 percent. The phase 
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of the reticle modulation indicates the direction in 
which the blur spot is off the reticle axis (i.e., up, down, 
left or right). 
While this invention has been de?ned with reference 

to speci?c embodiments thereof, it will be appreciated 
that many modi?cations and changes may be made by 
those skilled in the art without departing from the spirit 
of the invention, as de?ned in the appended claims. 

1 claim: 
1. A missile guidance and control system comprising: 

a source of infrared radiation carried by a missile to be 
controlled, means carried by said missile for modulat 
ing said radiation, an infrared tracker responsive to said 
modulated radiation for generating tracking error sig 
nals when said missile deviates from a desired path, 
shimmer cancellation means connected to said tracker 
for eliminating shimmer noise from the tracking error 
signals, a computer connected to said tracker and re 
sponsive to said error signals for providing missile con 
trol signals, an infrared transmitter responsive to said 
computer for transmitting said control signals to said 
missile, a missile carried receiver for receiving said 
control signals, and means carried by said missile and 
responsive to the output of said receiver for controlling 
the ?ight of said missile. 

2. A missile guidance and control system comprising: 
a self propelled missile, a modulated source of infrared 
radiation carried by said missile, an optical device posi 
tioned at a missile tracking site for focussing radiations 
received from said missile, a beam splitting device adja 
cent said optical device for separating the received ra 
diation into two portions, a reticle disposed adjacent 
said beam splitting device for amplitude modulating the 
received radiation, a detector disposed adjacent said 
reticle for providing a signal related to position error of 
said missile, an error signal demodulator connected to 
said detector for providing pitch and yaw error signals, 
a reference generator connected to said demodulator, 
?rst and second pulse width modulators connected to 
said demodulator, ?rst and second frequency shift os 
cillators connected to and driven by said pulse width 
modulators for generating pitch and yaw command sig 
nals, an infrared transmitter connected to said oscilla 
tors for transmitting said pitch and yaw commands to 
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6 
said missile, an infrared receiver carried by said missile 
for receiving said pitch and yaw commands, means re 
sponsive to the output of said receiver for separating 
said pitch and yaw commands, and ?ight control means 
carried by said missile for controlling the path of said 
missile in response to said pitch and yaw signals. 

3. A missile guidance and control system as set forth _ 
in claim 2 wherein said ?ight control means comprises, 
a two axis gyro for sensing roll angle and for providing 
a yaw axis reference signal, a pitch accelerometer for 
providing a pitch damping reference signal, means for 
combining said pitch damping reference signal and said 
pitch command, means responsive to said combined 
pitch damping reference and pitch command signal for 
controlling the pitch of said missile, means connected 
to said gyro for combining said yaw axis reference sig 
nal and said yaw command signal, means responsive to 
said combined yaw reference and yaw command signal 
for controlling the yaw of said missile, and means re 
sponsive to the roll angle output of said gyro for con 
trolling the roll of said missile. 

4. A missile system comprising: a self propelled mis 
sile; a source of modulated infrared radiation carried 
by said missile; an infrared receiver positioned at a mis 
sile tracking site and including an optical device for fo 
cusing radiation received from said source, a rotating 
reticle disposed in the path of said focused radiation for 
amplitude modulating said radiation, and a signal de 
tector disposed adjacent said reticle for receiving radia 
tion from said optical device and generating an electri 
cal signal in response thereto; means for programming 
said optical device to known range and time character 
istics of said missile; means connected to and respon 
sive to said receiver for generating a tracking error sig 
nal when the missile deviates from a desired path; and 
a beam splitting device disposed adjacent said optical 
device for separating said focused radiation into two 
portions; a second signal detector disposed adjacent 
said beam splitting device for receiving a portion of 
said radiation for generating a shimmer cancellation 
signal; and means applying said shimmer cancellation 
signal to said error signal generating means for elimi 
nating shimmer noise from the error signal.v 
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