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Laser application in weapon guidance and active imaging
V V Rampal*
Inst ts Research and Devel

P! t Establishment, Dehra Dun

An important phése of Lasor B.Pplicb.tion for Dofence purposes has been in the
guidance of_ woapons whereby tho object 1o bo destroyed is illuminated by the
lasof tadigtion and the Wuapon is homed onto the target along the diroction of
scattered radiation. The developmont started mn the late sixties and practical
devicos called tho Smatt bombs have boen in operation in the later phaso of
Vietnam War (Verble 1974). Though considerable dovelopment has taken
placo sinco thon, loy of money and effort 1 still boing put in to extend the capa-
bilitios of thoso systems The high accuracy of attack and overall vost effoctive-
ness mako tho system of Laser designation worthy of serious consideration.
Modern low flying aircrafts used for ground attack are now fitted with swtable
Lasor instrumentation to provide (a) range finding and target designation capa-
Dbilities for secking the target, (b) measuring its rango and sonding the woeapon
onto it, thereby reducing the human olement to the minimum. Recently 10-6
micron radiation has bBesh used to improve the capability of tho System under
atmospheric conditions of fog, smoke, hazo ete. (Taylor 1977, Rudko 1977).

One of the most rocent applications of Laser for Defenco has appoared in
the fisld of active imaging. Followmng the development of Lasor Scannors
(Phelan 1971, Reivho 1973) Lasor beams have now been used for imaging distaut
targets during day and night (Arapov 1975). Both CW and pulsed radiation
can be used. Imago can either bo photographed (Neumann 1965) or storod
ini the form of oloottioal pulses and displayed at will. Suitable signal processing
can bu employed for improving the image or extraction of information regarding
tho rango and depth of the target. Using high power ropetitive .pulsed llu.sor,
imagos of distant targets upto a few km can ho stored or viewed in real ii)me.
Infrared lasers &b 1-06 Micron or 10-6 micron can be ufed (Seulf 1975, Courtoney
1976, Lamborts 1976). Tho systcms hive boen demonstrated in laboratories
and the availability of practioal deviees for figld use is imminent.

Laser guidance
Tho principlo of laser gmdance is illustrated in Figuro 1. T-he target, selocted
with the help of afi optical sight is illgminated with the radiation from a lager
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Figure 1. Designation of target by Laser Illumination.

gource Which may bo & high rop. rate pulsed NAYAG or a 10-6 micron TEA CO,
laser. Tha aroa seloctively illummatod by the hoam doovs not, oxceed ono or two
square metors for ranges uplo soveral kilometors so that tho target is porfeetly
dosignatod. When tha target is illuminatod it effoctively bocomos iself a gource
radiating in all directions. This scattered radiation provides to tlio rocciver
tho mformation that is roquured for locating the target and guidance of weapon
on it. Tho recoivor has a quadrant type of detoctor (Figure 2) in which the
unbalance current from opposito quadrants provides tho svnse of direction in
which the radiation is coming to tho roceiver. The detector output is coupled
to a closed loop servo systom which brings the doetector in lino with the diroe-
tion of recoived radiation so ag to bring anull. Tn this position tho spot of recoived
radiation fills equally all the four quadrants and the receiver points in tho direc-
tion of tho target. Through the use of an intorferonco filter the receiver is made
sensitivo to only the laser wavolongth, thus cutling out the background and
making the detoction of target possible both during day and night.

The laser illuminator is gonorally a high rop. rate pulsed laser source in the
infrared which sends tho laser radiation onto the targot. Thoe selection of targob
is done by a viewing toloscope which forms a part of the illuminator. One such
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Figure 2, Direction sensing by Quadrant Detector.

arrangemont is shown in Figure 3. Deponding on the particular requiroment
of the guidanoce system dosired, tho illuminator can be eithor (a) ground mounted,
(b) hand held by the porson proceoding ahoad for the seloction of target,
(c) placed in the attacking airerafi or (d) mounted in the romotoly piloted
vohicle (RPV).

Figure 8. Block diagram of Laser Illumination,

The detection system that secls the targot can either bo (a) sumplo diroct
view tolescope system, (b) direct view infrared systom using image intensifier
tubo of (v) low light lovel TV systom. This deteotion systom forms an integral
part of the servo loop that gudos tho direction of the woapon onto the target.
The guided weapons can either be (a) glide bombs io , fro falling gravily bombs
o1 (b) missiles or (¢) artillory projectiles.

The laser guidance of missiles and arty. projectiles can bo done by oithor
of tho throe ways illustrated in Figure 4. Tho choico of particular systom depends
upon the conditions prevailing ab the time. Smce those Weupons are vory fast:
moving, a quick acting scnsing and control mechanism is required for guidance.
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Figure 4. Moethods of guidance of missiles and projectiles.

Tn considoring the cost offectiveness of laser guided wospon systom it is to
bo 1emembered that the seoker and control systom which is added onto the weapon
also gots destroyed alongwith tho woapon. Therefore the Weapon cost increases,
But still if the number of woapons and number of trials required to destioy a
particular targot is taken into account the overall cost offoctiveness is found 1o
bo in favour of the lasor guidod System. In this connection following poiuts are
relovant : . ‘

(a) Pmn pointed targets aro destroyed and cven targets in populated areas

can bo attemptod—accuracies of 5~10 metoers are achieved.

(b) First round hit is almost assured and therefore losscr No. of bombs
baveto beused. This roducss tho cort due to transportation and storagoe
of the heavy bombs 1n the battle aroa.

(c) Losser number of attempts by the bomber havo to be made so thay the
1igk involved in the destruction of the attacking aircraft is reduced.

Laker imaging

As oarly as 1965 16 was puinted out that using a giant pulded laser for illuminat-
ing a targot for phot,o‘grbphy hasg tertain advantages; tlic exposure of the vamers
can bo for a vory shott time (30-50 1is, correspofiding Lo the laser pulse duration)
dnd that this expuosurc ean be delayed by a known amount thus roducing the back
geaitor. Also knowledge of the adjustable known delay gives information about
the rango of the targot. This is aptrt from tho fast that néno second exposuro
of the object remains almost untetebted by the object partioularly when infrared
lader i used. Also usb of interforence filtet at the laser wavslength enablos the
operation both durihg day snd night.
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Range gatod photography was first done by using a Q-switched ruby lasor
(Nowmann 1965). A decade Iator, a similar oxporimont was porformed 1y using
& Nd glass lascr-at 1-06 mioron (Arapov 1975). Tor roasons of logy soattoring
infrared laswm is proferabla and Tango gating techniques (Figure 5) incroasos th;
oontrast of the viowed object boouwuso of reduction 1 back sealtoring intensity.
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Figure 5. Range gated imaging by Laser Ilumination.

A repetativoly pulsed TEA CO, laser has been used recently 1o imago an
objost by scanning (Courtency 1976). A gervo controlled gimballed miror
positionod on tho laser axis is nged to aim the radiation at tho targot. The beam
is advanced by small angular steps in azimuth and a{ oach successive position
& laser pulse iv onutted. At the end of & horizontal line the beam is depresnd
by a small angle and thon stepped back across the target scene A matrix of
32X 24 powts in the target scene are thus illummated i succossion. Becausoe
the prfis 1 pps the signal return from oach pulse transmission is stored.
This method of imaging allows gignal processmg to be done in order
to improve the quality of tho low resolution (spatial) image by modifying the
intownty profile of cach pisturo element to produce gray scalo interpolation
Dotwoen adjacent olements. This makes objeet oasior to recugnise.

Uning lugh avoraga power Nd YAG laser, a loug rango imaging 8ystem Dasod
on direct dobection of scatterod laser light from & laser reanned ohjoct has beon
domonstratod (Lumborts 1976). A Q-swilched lagor operating at 26 KHz prf
i usea with z and y scauning mirrors operating at 100 Hz and 2 Hz rospectively.
The output beam 15 2-5 cm n dis and thoe object is viewed Wwith an aiming tolo-
goope fixed alongside tho lasor trapsmilter. The dobeclion ayslem uses » lorgo
aporturo Fresul lons with 1 om dis photouiodo YAG 444, An intorfrence
filtor is used belore tha deteotor Lo cut down the back ground. Tho resclution
of the system is detormined, by the divergonce of the scanning laser beam and
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tho sensitivity is detormined, among other things, by the dia. of the recoiver
aperture. The detocted video is first amplified and then passed through gating
aloctronics. Both the delay and gating timo oan be adjusted. A ¢2 amplifier
providos & time vaiiable gain to compensate the R? dependance of the reflected
laser power. The display is obtained by intensity modulation of CRT and a
TV like image of the object is obtained. The results show that it is possible to
got good rangegated imagos of targets upto 1'56 km.

The laser imaging systems deseribod above have given credence to the
possibility of using high rop. rate pulsed laser for illumination, and consequent
imaging, of distant targets, particularly at night, when considerations of objcet;
distance and image quality mako tho use of passive hight viewing, using imago
intensifier tubos (TL Tube) rather limited. Tho use of II Tubos is restricted to
the night viewing condition. The laser seanned imaging on the othofr hand can
be offected both during day and night by the uso of interferonce filter. Also
thore is scopo of eleotronic signal processing of the scanned image in order to
extract; the dosired information from the 1eceived image, and this cah be done
almogst in the real time domam. TFurther, when performed in desert\ environ-
ment;, where problem of shimmering and refractivo index variation with space
and time are present, this method is likely to give better results. This is bocause
the timo of exposure is g0 small that the medium is almost frozen in time for each
observation. Therofore the smoaring effect on the image, observed whon viowed
on CW basis, is likely to be considerably reduced.

Tu conclusion, the importance of laser illumination of & target, for ils imag-
ing, and guidance of weapons onto it, has bevn duly recognised during the last
decade. Systems have been demonstrated with potential advantages and
development is in progross for further improvemont of the instrumentation
involved. Though both the fields of lasor imaging and laser guidance are impor-
tant to the Defence Sector, the active imaging of objocls by lasor illumination
i8 equally significant, to the peace time users.
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