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~ . INTRODUCTION

A growing number of US Army programs requires target detection and identification at
long stand-off ranges from airborne (helicopter) platforms. One method that is currently
being pursued to meet this requirement is to provide the helicopter gunner with a precision
stab ilized optical or eLectro-optical sight ing system. Unfortunately, the required optical
magnification requires a small angular field-of-view. This can result in excessive target search
t imes during which the helicopter may be vulnerable to enemy fire.

Some poss ible solutions to excessive search times are as follows:

• Add ition to the sighting system of another field-of-view which is wide enough to ensure
short search times yet narrow enough to ensure target detection.

• Target prebriefing which would allow the onboard fire control computer to aim the
sighting system in the target ’s v icinity automatically. Of course, this requires target
prebr iefing, a fire control computer . and an att itude and position reference forthe helicopter.

• A cuing aid which, on command, would slave t he sighting system to the gunner’s line-
of-s ight. thus ta king advantage of the human eye ’s good resolut ion and wide field-of-view.

This report is an evaluation of a pantograph mounted display station designed to shorten
searc h times by slaving a narrow f ield-of-v iew si ghting system to the gunner ’s linc-of-s ipht
The disp lay stat ion, shown in F igur es I , 2. and 3. incorporates a gimballed platform to which
are mounted t he sighting system control gri ps and a unique v irtual image TV display.
Theoretical advantages of this mcchani,ation are the following:

• The virtual image disp lay is less prone to sun “was hout ” than a panel mounted display.

• The operator sufkrs less orIentation problem than wit Ii a helmet sight/ panel mounted
display since the I V disp lay and horesight retic le move toget her.

In order to e~aluate the re lat tsc merits 0$ this display station , a short flight test program was
initiated using the equIpment describe d Ii the next section.
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FIgure 1. Front vIew of pantograp h mounted display station.
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Figure 2. Oblique v iew of pantograph mounted displa y station showing size of unit .
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2. EQUIPMENT DESCRIPTION

The pantograph unit under test is a unique combination of controls and displays. In Figure
3, the two handgrips con tain all switches necessary to control the sighting system. The vi rtual
image TV display contains a 1.3 in. (3.3-cm) diameter CRT and expanding optics to create an

apparent 26° field-of-view virtual image. Some of the pertinent display data are shown in
Table 1. The controls/disp lay unit is attached to a gimballed base which contains azimuth and
elevat ion gimbal angle pick-offs (see Figure 4). On top of the TV disp lay (see Figure 3) is
mounted a concentr ic ring (formed optically by Newton rings) reticle which appears projected
to infinity. (Unfortunately, t hese rings do not appear in the photograph of Figure 3.) When the
gunner selects the proper operating mode, the SPA I. line-of-sight is slaved to the center of the

ret icle by means of the pantograph gimbal angle pick-offs . Thus, when t he gunner places the
ret icle center on the target , t he target will appear in the TV display.

TABLE 1. TV DISPLAY CHARACTERISTICS
CRT size 1.3-inch Diameter
Phosphor P1
Spot Size 0.8 mu
Brightness 48 ft L (includes

Loss Due to Optics)
Field-of-View 26°

To evaluate the display stat ion, an a irborne precision stabilized sighting system was
necessary. The Stabilized Platform Airborne l.aser (SPAL) system was chosen because of its
availability, performance and narrow fields-of-view. This system contains a two-fie ld-of-view
TV camera . TV contrast automatic t racker and precision stabilized gimbal set mounted in a

327-lb(147-kg) pod. Figure 5 shows the SI’A l. pod mounted on the right w ing of an AH- lG
helicopter.

As shown in Figure 6, the SPA 1. system contains t hree servo systems. The heart of the
servos is the rate stabilization servo. This high gain, high bandwidth servo ’s main function isto
isolate the SPAI. line-of-sig ht from helicopter vibration . ihe rate servo can he dr iven by one
of three sources selected by SI. In the slave mode , the drive s ignal is the difference between the
SPAL gimbal angles (referenced to the helicopter ) and the pantograp h gimbal angles. Thus.
the SPAL~ line—of-sight is essentially slaved to the pantograph reticle. In the manual track

mode, the rate servo is driven by the pantograph stew command signa ls. In the auto track

mode, the rate servo is driven by the differenc e between the SPA I - line-of-sight and the line-of-

sight to the target as generated h~ the IV autotra c ker. The position of mode control sw itch SI

is selected by the mode s’.~ itch (see Figure 3) buffered by the interface box as described in the

following paragrap h.
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• Figure 4. Gimbal arrangement of the dis play station.
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Figure 5. The SPAL pod mounted on the right outboard wing of an AH-1G COBRA.
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ti nfortunately. the pantograph mounted dIsp lay station ~ as not designed to interface with

the SPAL system. It was designed to support a sImulatIon in~ ol’. ing anot her airborne sighting
system. Thus, although all of the mode contro l functions were a’. ailahl e on the pantograp h.

• the switch types were momentary contact . ‘.‘.hereas the SPAI  required cont in uous contact
switching. To correct this incompatibility, an interface box ‘.‘.as desi gned ~ hich contained the
necessary logic and latches required to convert the momentary contact s’.~itching to
continuous contact switching. The interface box also ser’ .ed to buffer the gimbal ang le and
slew command signals originating in the pantograph. \ functional diagram of the total
airborne system is given in Figure 7.

3. TEST DETAILS

The tests were run on clear days that aIlu’. ed si ghting of target areas at long as ‘.~ell as short
ranges. Each gunner test subject ‘.‘.as required to “engage” li’ .e targets us ing the folio’.’. ing
sequence of operation for each target:

• Prior to target engagement the gunner sets t he folIo’.’. ing controls ( see / i e u ~e 3) :

Field—of—View s~ itc h to W lOV  (‘.‘.ide I ield-ol-’ . ie’.’.

Mode switch to ( \  R (gunner) . I his sets S I (see I , e urp  ‘ to t he “s la’.e” position .
enabling the SPA I. l ine—of—si ght to lollo’.’. t lie pantograp h l ine—o f —s ig ht

Breakiock mode s’.’. itch as desired .

Auto track poIarit~ as des ired .

TV controls as desired.

• During target search . t he gunner uscs his naked e~ c to searc h fo r target signatures such
as glints , dust clouds . etc.

• When a suspected target has been found , t he gunner points the pantograph in the target
direction and centers the target in the Nc’.’.ton ring reticlc. Since the Sl~ -\ I is slaved to the
pantngrap h. t he target area will appear in the I V disp la~
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• Using the mode switch the gunner switches SI to the manual track pos ition. Ihis
inertially stabilizes the SPAI. and allows the gunner to  search the target area using the sIc’.’.
command button.

• If more optical magnification is required . the gunner uses the ,ield-oI-vic~ s’.’.itch to
sw itch to the SPAE. narrow field-of-vie’.’..

• The gunner centers the target in the 5PM. tracking gates using the sic’.’. command
button.

• The gunner sw itches SI to  the autotra c k position using the mode switch.

After t he test flight each of the test subjects ‘.‘.as required to answer a series of questions. ihe
questions and gunner responses are given in Table 2
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TABLE 2. TEST DEBRIEFING QUESTIONS AND RESPONSES

RESPONSE

QUESTIONS Gunner Gunner Gunner Gunner Gunner
No 1 No 2 No 3 No 4 No 5

1. Dud the pantograph help in locat-
ing the target area as compared to
manual searching? Yes Yes Yes Yes Yes

2. Was the display subject to sun
washout as compared to panel
mounted monitors? Yes Yes Yes Yes Yes

3. Would you prefer a pantograph
display or a helmet sight and
panel mounted display? Helmet Panto- Panto- Panto-

Sight graph graph graph
4. Did helicopter motion cause

problems with cuing and/or
viewing? Yes Yes Yes Yes Yes

5. Were the contro l switches
located in logical, easily reached
positions? No Yes Yes Yes Yes

6. Were there any fatigue problems
with holding the pantograph in a
viewing position? No No No No No

‘This sub(ect had never used a helmet sight
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4. (‘ONCt.t JSI()~~~

Rased on the data contained in laNe 2. the b i b ’.’. Ing conclusions ‘.‘.ere dra’.’. n.

The pantog raph did hel p the gunner lind the target .11 ca more quickI~ than manual
searching.

The displa~ s ’ .as  suh1cct to sun ‘.‘.ashout I lo’.’.e’. er . it should he noted that the ’. irtua l image
display in direct sunlight ~ as almost as rcadahk as a high qualit~ . filtered, panel mounted
CR I dIspla~ in direct sunlIght If high bright ness ~~‘ 100 ft I miniature (‘R I \ become
asalla hk , it is quite possIble that a ‘. irtual image CR I disp ia~ would become a significant
impro’. ement er a cons ent nonal fi ltered (

~ I( I d ispla~

Most o perators p refer red the paniograp h disp la~ rat her than a helmet si ght and panel
mounted d i~pia~- One particular shon tcoiiii iig t iote d in the pant ogiii ph ‘.‘.as that it could not he
used as a cuing aId beyond about ~

() iii .i/iitul ii Ii I ioni the helicopter centerline. I he reason
for t his shortcoming is that the gunner can no longei see t he iet etc .it .ingles greaten than

Helicopter motion caused ‘. ie’.’. ing and ciii i lg Pt oblems I io”. e’. er . t i c  same eurug problem
exist s ‘.‘. ith helmet sight s~ s t e ms , it is ‘. ci di ll  iii t o  place a iet ide on target to the desired
accuracy when in a mo’. ing helicopter

\ lost operators thot iL’ ilt I he con t to i s  ‘.‘. ~~~ c.is i l’. rc.icl ied .ind iii logica l positions .

\ o  Iat ig t ie problems ‘.‘. er ~~ noted
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