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|. INTRODUCTION E

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

stabilized optical or electro-optical sighting system. Unfortunately, the required optical
magnification requires a small angular field-of-view. This can result in excessive target search
times during which the helicopter may be vulnerable to enemy fire.

Some possible solutions to excessive search times are as follows:

e Addition 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.

e Target prebriefing which would allow the onboard fire control computer to aim the
sighting system in the target's vicinity automatically. Of course, this requires target
prebriefing, a fire control computer, and an attitude and position reference for the helicopter.

® A cuing aid which, on command, would slave the sighting system to the gunner's line-
of-sight, thus taking advantage of the human cye’s good resolution and wide field-of-view.

This report is an evaluation of a pantograph mounted display station designed to shorten
search times by slaving a narrow field-of-view sighting system to the gunner’s linc-of-sight
The display station, shown in Figures 1. 2, and 3. incorporates a gimballed platform to which
are mounted the sighting system control grips and a unique virtual image TV display.
Theoretical advantages of this mechanization are the following:

e The virtual image display is less prone to sun “washout™ than a panel mounted display.

e The operator suffers less orientation problem than with a helmet sight/ panel mounted
display since the TV display and boresight reticle move together.

In order to evaluate the relative merits of this display station, a short flight test program was

initiated using the cquipment described in the next section.
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Front view of pantograph mounted display station.

Figure 1.

St




Figure 2. Oblique view of pantograph mounted display station showing size of unit.

5




a

‘uopels Aejdsip pajunow ydesbojued jo maja dn-aso|) ‘g ainbi4

-
ST0HLNOD i

AL
-

S—

S AI

W &, \
. g ',
(NOLLNG - 4
30H04)
aNVAWOD

M3 1S

ALldvY10d
AOVHL
oLNy

L=
HOLIMS




2. EQUIPMENT DESCRIPTION .

The pantograph unit under test is a unique combination of controls and displays. In Figure

3, the two handgrips contain all switches necessary to control the sighting system. The virtual
b 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/display unit is attached to a gimballed base which contains azimuth and
elevation gimbal angle pick-offs (see Figure 4). On top of the TV display (see Figure 3) is
mounted a concentric ring (formed optically by Newton rings) reticle which appears projected
to infinity. (Unfortunately, these rings do not appear in the photograph of Figure 3.) When the
gunner selects the proper operating mode, the SPAL line-of-sight is slaved to the center of the
reticle by means of the pantograph gimbal angle pick-offs. Thus, when the gunner places the
reticle center on the target, the target will appear in the TV display.

TABLE 1. TV DISPLAY CHARACTERISTICS

CRT size 1.3-inch Diameter
Phosphor P1
Spot Size 0.8 mil
Brightness 48 ft L (includes
Loss Due to Optics) '
Field-of-View 26° |

To evaluate the display station, an airborne precision stabilized sighting system was
necessary. The Stabilized Platform Airborne Laser (SPAL) system was chosen because of its
availability, performance and narrow fields-of-view. This system contains a two-field-of-view
TV camera, TV contrast automatic tracker and precision stabilized gimbal set mounted in a
327-1b (147-kg) pod. Figure 5 shows the SPAL pod mounted on the right wing of an AH-1G
helicopter.

As shown in Figure 6, the SPAL system contains three servo systems. The heart of the
servos is the rate stabilization servo. This high gain, high bandwidth servo’s main function is to ]
isolate the SPAL line-of-sight from helicopter vibration. The rate servo can be driven by one
of three sources selected by S1. In the slave mode, the drive signalis the difference between the
SPAL gimbal angles (referenced to the helicopter) and the pantograph 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 slew command signals. In the auto track
mode, the rate servo is driven by the difference between the SPAL line-of-sight and the line-of-
sight to the target as generated by the TV autotracker. The position of mode control switch S1

is sclected by the mode switch (see Figure 3) buffered by the interface box as described in the

following paragraph.
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Gimbal arrangement of the display station.

Figure 4.




Figure 5. The SPAL pod mounted on the right outboard wing of an AH-1G COBRA.
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Unfortunately, the pantograph mounted display station was not designed to interface with
the SPAL system. It was designed to support a simulation involving another airborne sighting
system. Thus, although all of the mode control functions were available on the pantograph,
the switch types were momentary contact, whereas the SPAL. required continruous contact
switching. To correct this incompatibility, an interface box was designed which contained the
necessary logic and latches required to convert the momentary contact switching to
continuous contact switching. The interface box also served to buffer the gimbal angle and
slew command signals originating in the pantograph. A functional diagram of the total
airborne system is given in Figure 7.

TEST DETAILS

3.

The tests were run on clear days that allowed sighting of target areas at long as well as short
ranges. Each gunner test subject was required to “engage™ five targets using the following
sequence of operation for cach target:
e Prior to target engagement the gunner sets the following controls (see Figure 3):

Field-of-View switch to WEFOV (wide field-of-view)

Mode switch to GNR (gunner). This sets ST (see Figure 7) to the “slave™ position,

enabling the SPAL line-of-sight to follow the pantograph line-of-sight.

Breaklock mode switch as desired.

Auto track polarity as desired.

TV controls as desired.

o During target search, the gunner uses his naked eve to search for target signatures such

as glints, dust clouds, ctc.

e When a suspected target has been found. the gunner points the pantograph in the target

direction and centers the target in the Newton ring reticle. Since the SPAL is slaved to the

pantograph, the target arca will appcear in the TV display.
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e Using the mode switch the gunner switches S1 to the manual track position. This
inertially stabilizes the SPAL and allows the gunner to search the target area using the slew
command button.

e If more optical magnification is required. the gunner uses the lield-of-view switch to
switch to the SPAL narrow field-of-view.

e The gunner centers the target in the SPAL tracking gates using the slew command
button.

* e The gunner switches S| to the autotrack position using the mode switch.

After the test flight each of the test subjects was required to answer a series of questions. The
questions and gunner responses are given in Table 2.

’ 13




TABLE 2. TEST DEBRIEFING QUESTIONS AND RESPONSES

QUESTIONS

RESPONSE

Gunner  Gunner

Gunner Gunner  Gunner

Did the pantograph help in locat-
ing the target area as compared to
manual searching?

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

Would you prefer a pantograph
display or a helmet sight and
panel mounted display?

Did helicopter motion cause
problems with cuing and/or
viewing?

Were the control switches
located in logical, easily reached
positions?

Were there any fatigue problems
with holding the pantograph in a
viewing position?

No. 1 No. 2
Yes Yes
Yes Yes

Helmet Panto-

Sight  graph
Yes Yes
No Yes
No No

No. 3 No 4 No. §
Yes Yes Yes
Yes Yes Yes

Panto- Panto-

graph  graph
Yes Yes Yes
Yes Yes Yes
No No No

*This subject had never used a helmet sight
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4. CONCLUSIONS
Based on the data contained in Table 2. the following conclusions were drawn.

The pantograph did help the gunner find the target arca more quickly than manual
searching.

The display was subject to sun washout. However. it should be noted that the virtual image
display in direct sunlight was almost as readabie as a high quality. filtered. panel mounted
CRT display in direct sunlight. If high brightness (100 ft 1) miniature CRT's become
available, 1t 1s quite possible that a virtual image CR T display would become a significant
improvement over a conventional filtered CR 1 display.

Most operators preferred the pantograph display rather than a helmet sight and panel
mounted display. One particular shortcoming noted in the pantograph was that it could not he
used as a cuing d beyond about + 307 in azimuth from the helicopter centerline. The reason

for this shortcoming is that the gunner can no longer see the reticle at angles greater than this
Helicopter motion caused viewing and cuing problems. However. the same cuing problem
exists with helmet sight systems: it s very dithicalt to place a reticle on target to the desired

accuracy when in a moving hehcopter

Most operators thought the controls were casily reached and in logical positions.

No fatigue problems were noted
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