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SUMMARY
INTRODUCTION

Under a previous project, the Naval Air Development Center
(NAVAIRDEVCEN) flight tested three experimental infrared (IR) mapping
sets. Subsequently, VAP-61 (Heavy Photographic Squadron SIXTY-ONE)
stated that an immediate requirement existed for an IR reconnaissance
sensor to improve RA-3B aircraft night reconnaissance capabilities in
Southeast Asia operations, and requested that such equipment at
NAVAIRDEVCEN be installed in a VAP-61 aircraft. Arrangements for the
installation were coordinated by the Office of the Chief of Naval
Operations.,

RESULTS

An HRB-Singer, Incorporated, Reconofax VI IR mapping set was
modified to operate in the 8- to 13-micron IR band by equipping it with
a Santa Barbara Research Center mercury doped germanium detector, cooled
by a Malaker Laboratories, Incorporated, Mark VII-C "Cryomite" cryostat.
A long-persistence-phosphor cathode-ray-tube real-time (B-scope) display
was adapted for use with the Reconofax VI scanner. The resulting IR
reconnaissance set was installed in VAP-61 RA-3B aircraft, BuNo. 144834,
during June 1966 and used successfully over North Vietnam for road,
waterway, and bridge reconnaissance, for bomb damage assessment, and for
general surveillance. Real-time tactics were developed and strikes were
called against transient targets based on information provided by the
inflight display.

CONCLUSIONS

IR reconnaissance equipments with real-time inflight displays can
be installed in current Navy jet aircraft and operated successfully in
a combat environment by military personnel. These devices can be used
for road, waterway, and bridge reconnaissance, for bomb damage assessment,
and for general surveillance. Vehicles can be detected at night on an
inflight display, and tactics have been developed for calling successful
air strikes against the vehicles. IR imagery recorded on film complements
aerial reconnaissance imagery produced by conventional photographic means.

RECOMMENDATIONS
It is recommended that additional equipments of this same general
type, but possessing the attributes of improved resolution, greater

reliability, and carrier suitability, be procured and installed in
additional RA-3B aircraft.

- iii -
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BACKGROUND

During the period January through March 1966, the Naval Air
Development Center (NAVAIRDEVCEN) flight tested simultaneously three
experimental infrared (IR) mapping sets under WEPTASK No. RAV08J005/2021/
F001-05-05, Problem Assignment No. 1, as described in reference (a).
Reference (b) stated that an immediate requirement existed for an IR
reconnaissance sensor to improve RA-3B aircraft night reconnaissance
capabilities in Southeast Asia operations and requested that such equip-
ment in use at NAVAIRDEVCEN be installed in a VAP-61 (Heavy Photographic
Squadron SIXTY-ONE) aircraft.

Reference (c) commented that there existed no IR capability in fleet
reconnaissance aircraft. Reference (d) replied that the only equipment
available was a modified Reconofax VI IR mapping set and that a quick
non-carrier-suitable installation of the set could be made at NAVAIRDEVCEN
in the first available RA-3B if desired. Reference (e) re-emphasized the

~desire of the squadron to obtain IR reconnaissance equipment. Reference
(£) stated that the modified Reconofax VI with a long-persistence-phosphor
cathode-ray-tube (B-scope) display would be available by 31 May 1966 and
indicated that NAVAIRDEVCEN would provide field engineering services/
training and instruction in IR image interpretation. Reference (g)
indicated VAP-61 plans to deliver RA-3B aircraft, BuNo. 144834, to
NAVAIRDEVCEN for installation of the IR sensor.

DESCRIPTION OF EQUIPMENT

The Reconofax VI IR mapping set was procured. from HRB-Singer,
Incorporated, under Contract N62269-2202 of 27 June 1963 and delivered
to NAVAIRDEVCEN on 15 October 1963. The equipment was installed in an
F-8 aircraft for a series of flight tests. In these flight tests, satis-
factory imagery was obtained during daytime operations, but the equipment
lacked adequate sensitivity for producing satisfactory nighttime imagery.
During January and February 1966 the equipment was updated by replacing
its relatively insensitive liquid-nitrogen-cooled indium antimonide
detector by a liquid-helium-cooled copper doped germanium detector. -A
descrlptlon of this modified equipment and of results obtalned with it.
are given in reference (a).

Upon completlon of the reference (a) flight test program, the
Reconofax VI was further modified by replacing its liquid-helium-cooled:
copper doped germanium detector by a Santa Barbara Research Center mer-
cury doped germanium detector mounted on a Malaker Laboratories,
Incorporated, Mark VII-C '"Cryomite'" closed-cycle cryostat, which had been
procured previously under the continuing development program of :
references (h), (i), (j), and (k).
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Changes in the electronic circuitry of the Reconofax VI were made to
compensate for the different electrical characteristics of the new detec-
tor. A modified display/control unit, type 59945, originally procured
under reference (j) early in 1963 from HRB-Singer, subsequently modified
and subjected to a fleet operational investigation as an ASW display
device by OPTEVFOR under Project F/O 143, was modified again for use
with the Reconofax VI. This device was divided into two units: a dis-
play unit and a control unit.

The major component of the display unit was a Thomas Electronics,
Incorporated, type 10M37P7 long-persistence-phosphor cathode-ray tube,
providing a 9-1/2-inch (height) by 2-1/4-inch (width) viewing area. A
small scanner control unit was fabricated at NAVAIRDEVCEN to permit
remote control of the Reconofax VI scanner independent of the modified
scanner/control unit. The combination of these four units, i.e., the
modified Reconofax VI scanner unit, the modified type 59945 display/
control unit, the display unit, and the scanner control unit comprise
what has been informally designated as IR Recon Set No. 1.

IR Recon Set No. 1 weighs 114 pounds and occupies a volume of 3.5
cubic feet. It consumes electric power at the rate of 752 watts. It
achieves a spatial resolution of 3 to 4 milliradians on its 70-mm film
recordings and 8-milliradian resolution on the inflight display. The
lateral field-of-view of the equipment is 120 degrees. It operates in
the 8- to 13-micron band of the IR spectrum and exhibits a thermal
resolution (noise-equivalent-temperature difference) of 0.16 C°.

AITRCRAFT INSTALLATION

From 18 to 24 May 1966, a prototype installation of the equipment
was made in NAVAIRDEVCEN RA-3B aircraft, BuNo. 144839. Local flight
tests were made on 24, 26, and 27 May. Although the equipment exhibited
a number of deficiencies on each flight, no fundamental problems were
encountered. The performance of the B-scope display was considered
marginal. On 27 May, the equipment and its mounting provisions were
removed from the NAVAIRDEVCEN aircraft for reinstallation in the VAP-61
aircraft. On 31 May, RA-3B aircraft, BuNo. 144834, arrived at the
NAVAIRDEVCEN; installation and ground checkout of the equipment were
completed on 5 June. Three local flight tests were made on 6 and 7
June. On 8 June, the aircraft and the equipment departed NAVAIRDEVCEN
for return to NAS Agana, Guam.

The scanner unit was mounted on a door which replaced the aircraft's
aft access hatch and displaced the antenna for Radio Compass AN/ARN-6.
Figure 1 shows the scanner unit mounted on the hinged door in its open
position. The display unit and the scanner control unit were mounted in
the third crewman's instrument console as illustrated in figure 2. The
modified display/control unit, shown in figure 3, was installed under
this console.
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The aircraft arrived at NAS Agana, Guam, on 13 June. Commencing
14 June and continuing through July 1966, flights were made to check the
equipment, train operators, and evaluate the equipment against various
targets of interest. During this period the equipment was plagued by
numercus problems attributed to combinations of the following factors:

i. the age and previous extensive usage of the equipment,

2. its having been designed according to commercial rather than
military standards, and

3. an operating environment quite different from that encountered
in the Middle Atlantic states.

For example, problems were encountered with deteriorating electric
contacts between fuses and their mounting clips and between the mating
contacts in electric connectors. Printed circuit boards had to be kept
scrupulously clean to prevent the development of spurious current paths.
Bolts loosened and wires broke. Nevertheless, most of the worn compo-
nents had been replaced by August 1966 and the set began to operate with
sufficient reliability that, by 27 December 1966, 97 IR missions (includ-
ing 30 combat missions) had been flown.

EQUIPMENT USAGE

A primary current mission of VAP-61 is to perform nighttime road
reconnaissance over North Vietnam. The previously-employed procedure
consisted of: attempting to fly along roads at night to take photographs
for which illumination was provided by use of photoflash cartridges dis-
pensed from the aircraft, returning to the aircraft carrier, processing
the films, and studying the imagery. This procedure suffered a number of
limitations: the aircraft spent only a fraction of its time over the
roads; the use of pyrotechnic devices made the aircraft particularly
vulnerable to ground fire; and the system provided no real-time capability.

IR Recon Set No. 1 was the first IR reconnaissance equipment to be
used operationally by the U. S. Navy. This device produced passively,
even in complete darkness, imagery of the scene overflown by virtue of
differences in effective temperatures of various objects in the scene.
The device provided both real-time inflight pictures on its B-scope dis-
play and permanent recordings on photographic film. The real-time display
enabled the third crewman to guide the pilot along the roads and to call
strikes against transient targets. Figure 4 is an example of IR imagery
recorded by the modified Reconofax VI over North Vietnam. In references
(1) and (m), CINCPACFLT has strongly recommended that additional improved
equipments be procured and installed in RA-3B aircraft.
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MAINTENANCE AND TRAINING

Contract N62269-3779 was granted to HRB-Singer on 10 June 1966 for
overseas field services of a senior electrical engineer for 60 working
days and a senior IR image interpreter for 30 days. The NAVAIRDEVCEN
provided to VAP-61 on Guam, services of a senior physicist and a senior
electrical engineer from 9 to 17 June and the services of a Navy enlisted
man (Phl) from 9 to 24 June. These men provided instruction in the basic
concepts of IR radiation and detection,.operation and maintenance of the
equipment, and interpretation of the imagery it produces.

The HRB-Singer field engineer and IR image interpreter arrived on
13 and 16 June, respectively, to continue this support to the squadron.
This contract has been modified several times to provide continuing
engineering services. NAVAIRDEVCEN provides spare parts as required.

REFERENCES
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FIGURE 1 - Modified Reconofax VI Scanner Unit Mounted on the Open Aft Access Door of RA-3B Aircraft
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FIGURE 2 - Display Unit and Scanner Control
in RA-3B Aircraft

Unit Mounted in

Third Crewman's Instrument Console
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FIGURE 3 - Modified Display Control Unit Mounted Under Third Crewman's Instrument Console
in RA-3B Aircraft
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FIGURE 4 - Reconofax VI IR Imagery of Intact Thuan Le Highway Bridge Surrounded by Numerous
Bomb Craters. A number of vehicles can be seen along the highway on the original
picture.
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