
Electro-
optics in 

T he newspaper and television reports of Desert 
Storm have suggested that electro-optic sys
tems played a key role in the success of that 

operation. Even though precision guided munitions were 
only a small fraction of the ordnance used, the impact on 
enemy operational capability was enormous. Also, the 
night vision capability of the Coalition Forces provided an 
operational capability unavailable to the Iraqis. 

Three basic technologies provided the operational ca
pability observed on nightly television news: the image 
intensifier devices operating in the visible and near infra
red spectrum, thermal devices operating in the 8-12 µm 
spectral band, and laser devices. It was a great surprise to 
many that, in general, these systems operated trouble free. 

Most of the articles about Desert Storm have empha
sized the successful impact of fielded systems. Here we 
would like to highlight some of the problems that arose 
and the short term electro-optic solutions found to those 
problems. 

The Iraqi invasion of Kuwait occurred in August 1990. 
The immediate response was Operation Desert Shield. 
During that portion of the operation, a number of unusual 
problems developed as a result of the climate and the 
possibility of chemical warfare. These problems were ad
dressed by action teams created from the staff of the 
Center for Night Vision and Electro-Optics, the R&D orga
nization that had developed the technology that made 
deployment of these systems possible. Ultimately, half the 
Center staff—267 people-were involved. Most served in the 

laboratory, but a critical few served in the Persian Gulf. 
As the diplomatic negotiations evolved, a deadline of 

Jan. 15 was established, which required 'round the clock 
data acquisition and analysis by the Center staff. After 
January 16, both the VII and XVIII Corps were on the move; 
all problems required immediate solution and some prob
lems, such as the accidental Airborne Maverick attack on 
Marine vehicles at Khafji, required answers yesterday. 

Seventeen field tests were conducted in the U.S. during 
Desert Shield and Desert Storm. Nine military and eight 
civilian employees of the Center conducted experiments 
and collected data at remote sites in the Saudi desert and 
also provided direct support and training to the troops on 
the front lines. Special equipment was fabricated in Army 
machine shops to speed deployment. 

General problem 
In the period since the end of World War II, the United 
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States and its allies have focused their attention on opera
tional capabilities in a European theater of operation. 
Actual U.S. military operations have occurred in Korea, 
Panama, and Southeast Asia. None of the actual or planned 
theaters of operation had an environment like the one 
encountered in Desert Shield and Desert Storm. 

The Saudi/Kuwaiti desert presents an uncluttered ter
rain that provides extended fields of view, few visual 
spatial cues, and no natural places of concealment. Vision 
with night observation devices and even with the naked 
eye is extremely good. A person standing on a hill 300 
meters high can see for 20-30 km on a clear day. Lack of 
concealment makes vehicles visible from miles away. Lack 
of terrain features results in gross underestimation of 
distance. Uniform color in daylight and uniform terrain 
temperature at night make it difficult to distinguish changes 
in elevation and distort depth perception. 

In Saudi Arabia and Iraq, the terrain consists of stony 

plain interspersed with sandy stretches. The sandy re
gions are not stable. A dune can move or be created where 
none had existed. And these dunes can be over 1000 feet 
high. Because of terrain instability and a sparse popula
tion, there are inadequate maps. Visual navigation must be 
the mode of operation. However, windblown dust and 
turbulence in both visual and thermal spectral regions can 
reduce the visibility and hamper long range target identi
fication. 

Thermal terrain images in the Desert differ from more 
temperate terrains because of low thermal scene contrast 
and large target contrast swings due to diurnal cycles. 
Temperature cycles as large as 70° F occur from day to 
night. A lack of experience and data based on night vision 
and electro-optic performance in the desert environment 
required new analysis and training. 

For the first time since World War 1, U.S. troops faced a 
serious chemical and biological agent threat. Iraqi forces 
were known to possess chemical and possibly biological 
agents and had demonstrated a willingness to use them in 
attacks on Iran and the Kurds. Fortunately, we were able to 
select the time of battle, which enable us to first seek 
solutions to anticipated problems. Although these solu
tions were "quick fixes," they were adequate due to the 
short duration of the war. 

Identification Friend or Foe [IFF] 
The objective of IFF (Identification Friend or Foe) is the 
unambiguous identification of the target before attack. 
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Desert Storm 
Figure 1. IFF components. 

The challenge of IFF has 
been around as long as 
war itself, but it has 
never been resolved. 
The diversity of equip
ment within and be
tween the Coal i t ion 
Forces made the task 
more difficult and was 
compounded by the 
fact that similar ve
hicles such as the T-72 
tank existed in both the 
Coalition and opposi
tion forces. 

In Desert Storm, 
ranges of 2-4 km for tank 
engagements and as 
much as 8 km for some 
guided munitions reduced the target seen by the soldier to 
a "blob." Flags, inverted Vee symbols constructed using 
paint/tape, and orange panels were placed on vehicles to 
aid in daylight visual recognition; however, heavy over
cast days, smoke, and nighttime encounters led to the 
greater reliance on infrared imaging devices that do not 
see these types of indicators. 

To enhance target detection in most training environ
ments, the gain/contrast controls of these devices are set 
to maximize the "bright blob," thereby increasing the firing 
scores for the training exercise. At these settings, recogni
tion cues are reduced. Furthermore, because of the low 
thermal contrast often found in the desert environment, 
target detection is actually reduced. Analysis was made 
and image data collected for current sensors according to 
the time of day, dust conditions, target, and background. 
This information was used to provide a database of train
ing videos and image handbooks tailored to desert condi
tions. While improving target detec
tion and engagement, the data was 
not sufficient to provide positive dis
crimination between friendly and 
enemy combat vehicles at the ex
tended engagement ranges. 

A number of lives were lost to 
"friendly fire." In fact, the media has 
reported that fratricidal casualties 
were 10 times higher than in any 
other military engagement this cen
tury. This fails to take into account 
that Desert Storm was the first large 

Figure 2. Bud Lights. 

scale combined arms, 
al l -service campaign 
since Vietnam and the 
first time a large scale, 
24 hour/day-night battle 
has been fought with 
new technologies largely 
deployed since Vietnam. 
History has also demon
strated that fratricide 
rates drop as the troops 
become experienced. 
The ground phase of 
Operation Desert Storm 
(ODS) only lasted 100 
hours. 

Nonetheless, the is
sue of "friendly fire" is of 
concern and warrants at

tention, regardless of the rate. Figure 1 illustrates the IFF 
concept. The most publicized event was the airborne 
Maverick attack on Marine vehicles in the Khafji battle. 
This tragic incident triggered a number of actions in the 
Defense Department (DOD). The Night Vision Center sup
ported the Defense Advanced Research Projects Agency 
(DARPA) and the U.S. Army Laboratory Command 
(LABCOM) in exploring over a dozen concepts, including 
thermal beacons, rotating thermal panels, thermal and 
space blankets, thermal tape, police strobe lights, laser/ 
transponder systems, and retro-reflectors. Probably no 
other project generated more ideas, gimmicks, and gad
gets. Most of the proposed solutions would work at least 
some of the time to some degree, but none worked all of the 
time. 

By this time, the aviation phase of Desert Storm had been 
underway for three weeks and a solution was needed very 
quickly. Field tests led to the selection of two pulsing near 

IR beacons as one type of solution. 
The first device, designed by Bud 
Croley of the Center, quite naturally 
came to be known as the "Bud Light." 
The second device—the DARPA 
Light—was modified by Croley to 
increase its effectiveness. Some of 
the Bud Lights are shown in Figure 2. 

The Bud Light, visible to our 
night vision devices, was located 
high on the vehicle to prevent 
obscuration by the vehicle struc
tures and to minimize the effects of 
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dust. The DARPA ver
sion beacon had a di
rectional radiation pat
tern that allowed an or
biting Forward Air Con
trol aircraft to see it at a 
high altitude and was 
temporally modulated 
at 7 Hz to draw the ob
servers attention. 

Even though thou
sands of the Bud Lights 
were placed in the field 
in the 23 days from the 
end of the field test to 
the end of the ground 
war, it should be appar
ent that this is a short term solution to the IFF problem. We 
were able to rely on such a "quick fix" because the Coali
tion Forces had established air superiority and possessed 
a technology unavailable to the Iraqi troops. A more so

phisticated enemy or a 
longer conflict could 
turn the beacon from 
an asset to a detriment. 

A DOD task force is 
addressing an all-ser
vice IFF system. In the 
end, however, success
ful resolution will de
pend not so much on 
technology as on the ac
ceptance of standard 
hardware and method
ology across the mili
tary services. The diffi
culty of achieving a so
lution in Desert Storm 

was exacerbated by the lack of uniformity in distribution of 
electro-optical equipment across the services. For in
stance, the Army ground and air forces were well equipped 
with both thermal imaging systems and image intensifiers 

Figure 3. Detection and identification of targets. 

Table 1. Parameters of the thermal and image intensifier systems deployed and used in the conflict. 

AN/TAS-6 
Sail Boat 

(AN/TAS-6) 
(2X) 

TTS 90-T LREOS#+ 

Questar#† 

Pocket 
Scope 

FOV (deg.): WFOV 3.4 X 6.8 1.7 X 3.4 7.7 x 15.0 3.6 X 4.7 .90 X 1.2 

MFOV .45 x .60 

NFOV 1.1 X 2.3 .55 x 1.2 2.6 X 5.0 1.3 X 1.7 .22 X .30 .4 (Cir.) 

Aperture WFOV 1.5 3.0 1.6 

dia. (in.): NFOV 4.5 9.0 4.8 5.8 14.4 10.0 

F/number: NFOV 2.7 2.7 2.2 1.0 6.56 9.45 

Angular WFOV .50 X .50 .25 X .25 .51 X .57 .22 X .31 .038* 

res. (mrad): MFOV .026* .025* 

NFOV .17 X .17 .085 X .085 .12 x .17 .08 X .11 .019* 

Sensitivity 
@ 1/2 fc: MRTD .13(3cy/mrad) .4(5cy/mrad) .1(2.5cy/mrad) .09(5cy/mrad) N/A N/A 

#Image Intensifier type systems †This system has three FOVs *Limiting resolution estimate at high light level (i.e., full moon). 
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(visible and near IR). Air 
Force units used IR Mav
ericks and IR LANTIRN 
systems, but often 
lacked image intensifi
ers. The Marines' lacked 
thermal imaging both on 
the ground and in the 
air, but possessed some 
image intensifiers. Thus, 
neither a thermal nor an 
image intensifier based 
solution was really sat
isfactory. For Desert 
Storm, the image inten
sifier/near IR solution 
was most feasible. 

Surveillance 
During the planning of 
Desert Storm it was im
portant to be able to lo
cate and identify enemy 
armor and enemy activi
ties at extended ranges. 
The general approach for 
analyzing the perfor
mance of image-forming 
devices uses the concept 
of the "equivalent bar 
pattern" first introduced 
by John Johnson of the 
Night Vision Center.1 The 
equivalent bar pattern is 
the number of line pairs 
that can be resolved 
when the observer can 
detect an object or can 
recognize a class of ob
jects. The signal-to-noise 
of the image determines 
the probability of detec
tion or recognition and 
allows the inclusion of 
atmospheric propaga
tion and target contrast. 
For example, a tank at 1 
km subtends about 4 
mrad. A signal-to-noise 
of 2.8 is required to de

tect the tank in a uni
form background. The 
equivalent bar pattern, 
a black and white line 
pair, that can be re
solved with a 50% prob
ability contains lines 
having an angular width 
of 2mrad. 

In the design of the 
conventional night vi
sion device, tradeoffs 
had been made between 
field of view and range 
in anticipation of an en
gagement range much 
shorter than the ones 
found in the Saudi/Ku
waiti desert. These ba
sic tradeoffs are illus
trated in Figure 3. The 
ability to observe tar
gets at great distances 
could not be adequately 
exploited by the night 
vision devices designed 
to operate at the shorter 
visual ranges dictated 
by the presence of veg
etation and man made 
objects. The resolution 
requirements were ag
gravated by the fact that 
many of tanks were dug 
in with only the turret 
exposed. By using the 
parameters of Table 1 
we find that no current 
night v is ion device 
would satisfy the sur
veillance requirement. 

The Army had in in
ventory a long range 
night observation de
vice (NODLR) that 
could provide effective 
detection to 3km. It was 
possible to fabricate a 
2X extender, produced 
by Texas Instruments in 

Figure 4. A long range night observation device 
(NODLR) with 2X extender mounted on a Scout 

vehicle crossing the Kuwaiti Desert. 

Figure 5. Terrain avoidance concept. Inset shows 
how the laser diodes were mounted to the 

helicopter's landing skids. 

Characteristics 

• Range - 550 m 
• Flight Tested to 120 kts on UH-60 

and 100 kts on OH-58 
• Eye Safety - Certified 
• Low Vulnerability - ± 1 ° on Axis, 

Worst Case 2 km 
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Dallas, for the optics of this night 
observation device, shown in Figure 
4. Because of the rapidly developing 
campaign, this retrofit was overtaken 
by events and was not available until 
March 1991, after the war ended. How
ever, the Center identified a commer
cial, off-the-shelf system that could 
be modified and delivered to the 
troops in January 1991. This and other 
variants of DOD's standard infrared 
imaging system, often called the com
mon module, have been produced by 
Texas Instruments, Kollsman Instru
ment Corp., and Brunswick in the 
U.S. and Rafael in Israel, and are also 
produced in Germany under a long
standing co-production agreement. 
The close coordination of optical de
signers and electro-optic system en
gineers and the vertical integration 
of the development team led to this 
very short implementation time. 

Because we had time to prepare 
during Desert Shield, it was possible to assemble large 
visible/near IR devices that could operate at ranges up to 30 
km. Commercially available Questar Telescopes provided 
confirmation of the presence of a Scud Mobile Missile 
Launcher in Kuwait and could be coupled to image intensi
fier pocket scopes for night use. The LREOS (Long Range 
Electro-Optical Systems) provided a similar capability. 

As military deployment continued, it became clear that 
additional surveillance 
equipment was needed. 
The M60A3 tank is being 
taken out of the Army in
ventory and replaced by 
the M1A1. This tank has a 
thermal sight that could 
provide surveillance ca
pability from 6-10 km. The 
M60 thermal sight was 
cannibalized from the de
commissioned tanks and 
modified at the Center for 
mounting in scout ve
hicles, providing Army 
scouts with an enhanced 
surveillance capability. 

The optical character

istics of the systems used in for sur
veillance in Desert Storm are shown 
in Table 1. In the future, emphasis 
will be placed on the development 
of second generation thermal tech
nology to provide increased detec
tion and recognition range. Focal 
plane arrays, new optical technol
ogy such as diffractive optics, and 
new signal processing algorithms are 
being explored and should provide 
the increased standoff ranges re
quired by future weapons systems, 
with reductions in size and weight. 

Pilotage 
Helicopter pilots fly very close to 
the earth to avoid enemy fire. This 
type of flight is limited by scene 
radiance and reflectance, contrast 
variance across the scene, and the 
size of objects. In the desert, it is the 
lack of contrast variance on any scale 
that hampers low altitude flight. 

Not only is there little contrast, but the barren terrain 
with sparse vegetation lacks visual cues and prevents ad
equate depth perception. Normal vision lacks cues usually 
obtained from color contrast and familiar objects located in 
the field of view. Aided night vision also lacks the spatial 
cues provided by familiar objects, but in addition is ham
pered by specular reflections from the uniform terrain. 
Nearby sand dunes appear to blend with more distant 

dunes, making them in
visible. Even when the 
dunes were visible, the 
inability to judge range 
led to four incidents in 
which aircraft crashed 
into dunes when the 
pilots were unable to 
correctly determine 
their distance from the 
dunes and make ad
justments to clear 
them. 

The quick fix pro
vided to the pilots was 
the addition of two 
pulsed laser diode aim
ing lights to the land-

Figure 6. Driver's Thermal 
Viewer (DTV). 

Figure 7. Stand-off chemical agent sensing. 

• Rapidly-Tuned Laser Emits 2 or More Wavelengths that Penetrate Cloud 

• Radiation is Differentially Absorbed Upon Transmission/Reflection and 
is Detected at Receiver 

• Agents Identified Since Each has a Unique Spectrum 
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ing gear support of the helicopter (see Fig. 5). These diodes 
were visible in the night vision devices used by the pilots, 
but were not visible to the normal Iraqi soldier. The pair of 
diodes gave an early warning of approaching dunes. The 
small beam divergence and depression angle gave the pilot 
positive cues 300 to 400 meters ahead, sufficient warning to 
allow the pilot to take evasive action and safely pass over 
any rising terrain. 

The diodes used for the terrain avoidance were already in 

the Army inventory as rifle mounted aiming aids. The 
Center fabricated brackets for mounting the laser diodes 
on the helicopter landing skids (see Fig. 5 inset). Pilots from 
the XVIII Corps reported flying several successful missions 
using these aids without the benefit of any training. But 
obstacle avoidance continues to be a problem for the pilot 
and an accelerated program to develop a fully functional 
obstacle avoidance system is underway. 

Using laser diodes for obstacle avoidance is one example 
of employing a system developed for one application to 
solve a different problem. Another example arose with the 
need to provide accurate target acquisition and designa
tion for close air support adjustment during the battle. In 
anticipation of this need, laser diode aiming lights devel
oped for ground use were mounted on helicopter machine 
guns and used with night vision goggles to increase the 
effectiveness of these weapons. 

Chemical agent detection 
The Iraqi Army was expected to use chemical agents and 
quite possibly biological agents at some time during Desert 
Storm. Obviously, prior warning of danger from these agents 
could prevent a large number of casualties. 

Chemical and biological agents are most commonly de
livered by artillery munitions, missiles, or bombs. After 
their release, they form aerosol clouds. The scattering and 
absorption properties of these aerosols may be used to 
detect and identify the agents. In a joint effort with the 
Army, the Navy had modified the long range night observa
tion device with a set of wavelength filters to allow some 
capability to identify chemical agents. A number of similar 
filters were obtained commercially and modified for use in 
the Army's Driver's Thermal Viewer (DTV), shown in Figure 
6, a passive approach. Since the chemical threat did not 
materialize, it was not necessary to use these systems in 
this specialized role. However, the Bradley fighting vehicle 
drivers who used these DTVs reported advantages in per
forming driving duties both day and night, regardless of 
weather. 

This quick fix for chemical agent identification will not 
provide a long term solution. A research program has been 
underway for some time to find a more robust detection 
scheme. The Center is looking at tunable lasers for stand
off chemical sensing, as shown in Figure 7. This is one of 
several related efforts within the DOD. The DTV itself 
remains the foremost contender as an all weather day/night 
driver's aide. 
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Lessons learned 
The experience of Desert Storm has 
demonstrated that American defense 
technology works. The quality de
signed into the electro-optic systems 
cost money, but resulted in extremely 
low casualty figures. The fact that 
these systems performed in such a 
harsh environment demonstrated 
that testing of these systems during 
the design and development phase 
provided an adequate indication of 
their future performance. 

A vertically integrated organization 
with a tightly focused objective of 
developing electro-optic systems not 
only fostered the basic technology 
and engineering to provide the Army 
with a comprehensive night vision/ 
electro-optics capability, but also 
used novel applications of existing 
equipment to quickly solve the prob
lems of Desert Shield. 

The success of the Coalition's 
electro-optic systems over the Iraqi 
systems demonstrated the need to 
preserve our technological lead. The 
problems encountered uncovered the 
need for future development of im
proved electro-optic capability to 
support our distinguished military 
forces. 
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