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ABSTRACT

This report illustrates how a relatively small but growing univer

sity oan engage in researoh using a remote sensing teahnique. Muo,h of

the equipment used was built or assembled by university personnel. The

main effort was to study and develop teohniques in geophysioal explo~a

tion for water-resouroes researoh utilizing the 3 to 5.5 mioron band of

infrared real-time imagery. The many problems in this teohnique were

identified and feasible ways for future development are suggested. Also
. ,

outlined are some of the many applioations of this ,researoh method.
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INTRODUCTION

In 1957 Dr. D. W. Goodwin and his associates working for the

British government discovered that a crystal cell, called indium

antimonide (InSb), when cooled well below room temperature (about 90 0 K,

-180°C) became very sensitive for use as the basis of an infrared

detector (Avery, 1957; Goodwin, 1957). After much further research

in 'Sweden, the indium antimonide was eventually put to commercial

use in 1965 when a Swedish firm, AGA, used it as the basis of their

AGA Thermovision, an infrared detecting and imagery system. The

simple operation of the.system, as-well as its dire~t picture presen

tation, was immediately valuable to the many indus~rial, commercial,

and medical requirements already established. In June 1968, the AGA

Thermovision was brought to the University of Hawaii by the Water

Resources Research Center to investigate its capability in a'reconnais

sance effort to ascertain the location and extent- of cold fresh-water

springs along the coastlines of the Hawaiian islands, particularly

. around the is land of Hawaii.

The research project was carried out· by a team of three: an

experienced infrared surveyor, a photographer, and an electronics "

techn~cian. The University airplane, a Piper, Apache, was adapted for

use ..

Operating somewhat like a television system, the AGA Thermovision

produces a ;eal-time image which is adjustable in almost every ~espect.

High-s~eed scanning provides an almost flicker-free image (16 frames/

sec) of the 3 to 5.5 micron band. This band provides a general '~pic

ture" of both emissivity and reflectivity and particularly sen~itive

to water. The system encompasses the best of many component features

of infrared technology, including the use of the indium antimonide

detector, a direct free-flowing coolant system of liquid nitrogen,. and

a unique but basic optical system. The Barnes Thermograph sysFem

which has been extensively tested and used previously (Colwell, 1967)

has a number of disadvantages when compared to the AGA Thermovision.

(Comparison is made here to the Barnes since it is a well known instru-

ment.) The Barnes takes 13 minutes to provide a suitable image of

10° x 20° field of view. In addition, it is sensitive to o~ly 1°C,

whereas the AGA Thermovision is sensitive to .2°C (Simon, 1966).
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The isotherm function of the AGA allows the operator to select

a temperature within a pre-selected range. When scanning a particular

object, the selected temperature will show up as brilliant white and

literally map out an isotherm of the object being viewed. In 'addition,

the AGA image can be inverted so that the warmer areas show up as

darker rather than whiter tones. The Barnes allows for recording ima..r

gery on only one kind of film, the AGA allows the operator to use almost

any still or movie film. The basic disadvantage of the AGA is its

extremely narrow field of view.' The Barnes' view of 10° x 20° is far

superior to the S° x S° of the AGA. As of this writing, however, a '

wid~-angle field of view is being developed for later models.
, J

INSTRUME~TATION: AGA THERMOVISION SYSTEM

AGA is comprised basically of two components: the came'ra and

the display unit. The camera is a self-contained unit and usually

requires no adjustments. It is, however, the unit which requires li~uid

'nitrogen (Nz) as a refrigerant for the detector crystal. The liquid i

nitrogen supply usually lasts for 4 to 6 hours. The display unit, a

greatly modified bench oscilloscope, has many adjustments but· only .two ~'

are commonly used. The image presented by the display unit presents

an image similar to that of an ordinary televi~ion'imagewhich may be

adjusted for brightness, width, vertical position, and so on. A per-
• I

manentrecord of the image ~s made by placing a camera on the display

unit and photographirig the image directly.

The operation of the AGA is a combination of optical-mechan,ical

and electronic processes. All of the optical-mechanical proces~es are

accomplished in the camera unit as well as in the conversion of inf~ared

energy to electrical signals (Fig. 1). The incoming infrared energy

is reflected off a spherical mirror to a tilting mirror (at 16 cps)

which provides a vertical scan and returns the ray energy to ~ eight

sided rotating prism. The rotating prism rotates at a speed of 200

rpsand spreads the image horizontally at the rate of 8 lines per

revolution for a total of 100 lines per frame. It is then transferred

through a small aperture and germanium lens to the indium antimonide

detector. The detector, cooled by the liquid nitrogen, converts the

infrared electromagnetic energy to electrical signals, determines the
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intensity of the signals, depending, of course,. upon the temperature

of the object, and feeds the signals to the display unit (Fig. 2).

The! display unit is t9tally electronic. Jt processes the three

1ncoming signals, the vertical, horizontal, and beam intensity~ and

presents them as an infrared image on a cathode-ray tube. The image

is adjustable for temperature range and temperature level. Electric

focussing of the infrared camera unit is also facilitated at the display

unit, as well as focusing of the photographic equipment. If the object

to be viewed is to.be relatively stationary or within the field of view

of th~ camera, there is no need to place the display unit close to the
\

camera. In fact, the display unit can be located as much as one hun-

dred feet away from the camera and not require any attention while in

use. If the object is moving, the display unit and the camera has ·to

be moved to follow the object.

/

INSTALLATION 'OF THE INSTRUMENTS IN THE AIRCRAFT

It was necessary to modify the Apache aircraft used to accommo-
/

date the AGA Thermovision system. The AGA representative provided

a front-surfaced mirror (required for infrared uses) which, when at

tached to the forward-facing camera unit at a 45° angle, made it possi

ble to take vertical imagery below the aircraft. However, it reversed

the image on the screen.. Because the plane was not designed to enable

the camera and mirror to view vertically, they had to be placed to

project out of the side baggage 'door (Fig. 3). This required the con-
. .

struction of a portable d~or which could be put on from the inside.
, .

When the aircraft reached an altitude of 11,000 feet~ the portable

door was removed and the camera extended out of the doorway. When

scanning was completed, the portable ~oor was replaced.

Since the field of view of the AGA is very narrow, it was neces

sary to operate the scanner from as high an altitude as possible.

Because of altitude limitations of the aircraft and oxygen requirements,

the highest altitude attainable was 11,500 feet but 11,000 feet was

generally used.

Because the aircraft was neither pressurized nor heated, it was

extre~ely difficult to work at the ll,000-foota1titude. In addition,

there was no possible way for the person operating the equipment to
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accurately see the ground below, except on the display unit. Hence,

the actual process of taking infrared imagery photographs was gr~at1y

dependent on the ability of the operator who had to be simultaneously

aware of his relative position and the picture quality. The operator

sat on the floor of the plane (Fig. 4), opposite the baggage door,

with the display unit in front of him and the camera 45° to the right:

With his left hand he operated the photographic camera. With his

right hand, he adjusted the display unit and made the constant adjust

ments necessary for the infrared camera to follow the indentations of

the coastline in a sweep perpendicular to the flight path;

, Since, the primary ,objective was to investigate cold water, the'

best orientation seemed to be to have the screen one-quarter covered

by land and the rest by ocean. This image presented such a limited

view that it was impossible to later identify even a series of images.

Consequently, later images aimed at including only one-quarter of

ocean and the remainder of land. Even with this, however, no single

frame, or even groups matched together, could be identified readily.',
, I

To make the Thermovision as sensitive as possible, the land was bleached

out and the ocean adjusted to have a medium grey tone. Flying at 11,000
l'

feet~ the sensitivity was set to the 5° range. In the normal tones',

the cold springs would appear as dark shadows emerging from the coast

line into the ocean.
/

The syctem required an inverter to convert the plane's 12y DC

system to a usable l20v AC supply. The installation of cables had to

satisfy the demands of electronics as well as aircraft safety. Be

cause of the electrical power limitations of the aircraft system,' none

of the equipment could be operated until the aircraft had reached I

cruising altitude., It was discovered that the system required at least

an additional one-half hour period to become stable enough for accurate

use after the initial adjustments, requiring 15 to 20 minutes, were made.

INFLIGHT OPERATIONAL PROBLEMS

During the operation over the is1and~of Hawaii, it was impossible

to continue taking infrared imagery after·g a.m. because of the extreme

glare' of the sun's reflection on the water. Much of the time aloft

was spent in aligning the plane to the flight paths. If 35-mm film
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was being used, the time alloted to picture taking was even more reduced.

After each roll was exposed (36 exposures in less than 5 minutes),

20 minutes was required to realign the aircraft. Although the l6-mm

movie camera lasted approximately 12 minutes per 100-foot roll of film,

the diffi'cul ty in reloading at 11,000 feet in crammed and cold quarters

prohibited its being used more than once on each flight.

The high altitude, as well as air turbulence, also limited the

amount of time in the air. The strain on personnel during the picture

taking process was great; lack 'Of oxygen and cold temperature usually

meant that actions and reactions were slower and with less acumen.

The aircraft was also affected. Unless the wind and temperature was

optimal, it could not be made to climb high~r' than '11,500 feet or even

remain at that altitude. In addition, if the temperature was too low,

the plane could not be slowed down enough without ice forming on the

engines. Usually the plane was able to fly at a minimum of 110 knots.

The supply of the fuel and liquid nitrogen also added to limitations of

the flight time. ,
I

Clouds presented a special problem. Many times the air traffic

control facilities were unable to give accurate information' regarding
'i'

cloud cover along the coasts which were to be scanned. The only way

to know definitely if an area was clear of cloud cover was to go there.

Much 'air time was wasted at the southeast coast of the island of Hawaii

because heav¥ cloud cover would be discovered upon arrival and it would

be impossible to do any surveying. On some occasions, after much time

was spent in aligning the aircraft, clouds would drift across the

flight path and greatly interfere with the scanning process. Haze,

especially on the Kona coast, was also a recurring problem. In the
I

AGA system, haze has the effect of ."toning down" the picture's black

and white contrasts and, therefore, a decision had to be made as to the

degree of inhibition of the haze' more often than to simply determine

whether or not it existed.

OPERATIONAL METHODS AND DISCUSSION OF THE RESULTS

On an average flight, the co-pilot-l'lavigator sat beside the pilot

and instructed him as to the exact flightpath. He also acted as the

central communicator between the camera operator and the pilot. He
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was the only member of the research team who was able to visually

see the approximate area being photographed. It was his job to plot

the actual flightpaths which would serve as the only available source

for later identification. The camera operator was able to view only

the infrared imagery and he was unable to see any area below the level

of the plane. With a field of view of only 5° x 5°, the camera oper

ator was required to constantly track the passing coastline. This

meant that the camera operator, with a view of approximately only 1,100

feet across his screen, had to be ready to adjust the position of the

camera with each slight indentation of the coast. Even a slight bank

of the aircraft was enough to completely misalign the operator from .

the coastline. -

During a run, the camera operator also had to continuously ad

just the display unit to overcome reflection and atmospheric changes.

Since the photographic cameras were semi-permanently affixed to the

display unit with all the optical adjustments taped into position,

in-flight adjustments were rare. However, with the use of. the iso

therm function a continually changing infrared image was added to

complicate the operation. The isotherm function normally allows the

operator to choose a temperature within the selected delta tempera-'

ture range and electrically form an isotherm image which is immediately

displayed on the screen. The image is presented in the form of a
/

brilliant white outline of the selected temperature. This imag~ would

indicate. to the observer that all of the area within the brilliant

white outline has the same temperature even if there are other tonal

variatIons in the image. All of the other areas outside the outline

are either above or below the selected temperature. By other adjust-
I

ments it was possible to completely-black out the temperatures not

being selected so that only the selected temperature was imaged.

The choice of film, 16 or 35-mm, depended upon both its use

in taking photographs and its use in data evaluation. Both the l6-mrn

(Bolex camera) and the 35-mm (Minolta camera) films had advantages and

dis~dvantages. Both negatives had to be printed reverse to compensate

for the 45° mirror. The l6-rnm film had the advantage of continuous

overlap which lasted 10 to 12 minutes before reloading was ~equired.

On the other hand, it could not be reloaded in flight because of the

complexity of the loading processits~lf. Once develop~d, the film's
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usefulness was even more limited. With 4,000 frames, a great deal of

time was spent in locating and cataloguing the areas covered., If con

tacts were desired I a short. piece of string was, threaded through a

sprocket hole ~earest the frame to be printed.

The 35-mm film proved to be of greatest advantage. Disadvantages

of the 35-mm film were mainly limited, to the'picture taking process.

Since ~nly 36 to 40 exposures were possible for each roll, there was

much time lost in changing the rolls with additional ,loss of time

to realign the aircraft on the flight path. In addition, the operator

had to advance the film and take each picture manually. The 16-mm
I

camera, supplied by AGA, was electrically operated and required no

handling except for film change. On the other hand, the processing

of the 35-mm film 'was simple and convenient; usually the photographer

of the team was able to process the 35-mm film. An 8 in. x 10 in.

contact print was made of the entire roll and inspection' was ~hus

readily available for ail the exposures of each roll, i.e., one,roll

one contact. These contact prints were then cut and put together to

make uncontrolled mosaics. Of course, the difficulty of locating the

scanned area still existed except that with the 35-mm film it was some~

what easier and more convenient to identify the coastline.

I An inherent but not always continuous problem was that of syn-

chronizing the camera shutter speed to the rate of presentation of the

display unit. The display unit presented images 16 times/sec. The

Minolta 35-mm camera, also supp~ied by AGA, could be adjusted to only

1/15 of a second. This difference causes. a "light stripe" which sweeps

across many frames. Its'aownward sweep is related to the manner in

which the shutter' of the Minolta operates. The narrower stripe of

white across the lower half of each frame on l6-mm film was caused by

an improper adjustment of the camera and can be eliminated with the

proper adjustment of a synchronizing control handle on the Bolex camera.

A problem directly related to the narrow field of view was that

. of area and scale. As a general rule, one square foot of area was seen

with eachlOO-foot distance away from that area. This meant that even

at 11,000 feet the screen displayed a linear view of only 1,100 feet.

Compared to ordinary aerial photos this area is the size of a postage

stamp. In Figure 5, an example of this probl~m is shown. Both squares

represent the area observed from 11,000 feet (scaled down in half for
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this example). The larger square, however, represents the area taken

by ordinary airphoto cameras with an 8.25-inch focal length. The

smaller square represents the area taken by the AGA scanner (also

scaled.to one half).

Figures 6a and 6b fvrther illustrate the narrow field of view.

Fiture 6a is an ordinary airphoto showing the Ala Wai Canal in the

Waiki~i area of Honolulu. This photo was taken at 3',000 feet with

a 6-inch focal length camera (by ,Towill Corporation). Because of the

low altitude, it would normally be considered to have only limited

area coverage. In contrast, however, with Figure6b the ordinary

tow ~ltitude airphoto covers an extremely large area. Figure 6b was

scanned at 11,000 feet and this enlargement is 10 times larger than

its negative. The scale of the enlargement is approximately 3 1/2

times larger than the ordinary airphoto,· but the ordinary low altitude

airphoto is 36 times larger in area compared to the 11,OOO-fo?t

scanner enlargement. .The outlined area on the Towill photo shows

the area which is cove~ed by the AGA image.

The scale of imagery on the AGA screen is 1: 2,640 (5" = 1,100') .

and on t~e negative of the 35-mm film it is 1:22,000. The scale of

the 35-mm film is almost ideal for use with the 1:24,000 USGS topo

!graphic sheets. The l6-mm film is too small to be used as contacts

with the same scale as the negatives. Of course, both the l6-mm and

the 35-mrn films maybe enlarged (or reduced) to any scale desired.

However~ from Figure 6bit can be seen that when enlargement is excessive,

the resolution is great.ly reduced. An additional disadvantage especially I

of the 16-mm film, is that enlargements of large areas .require a bulk of. .

photographs of such large quantity that its use becomes impractical.

For the quality of the image, infrared sensitivity selections on

the display unit have the greatest effect. In general, the operator

:selects the sensitivity according to what he wants to see and what the

actual range of the variations of the objects to be viewed are. The

greater the sensitivity, the more narrow temperature range covered.

For example when looking for cold water springs, which are only a few

degree~ below the general sea-water temperature, a useful sensitivity

scale is a range of five (at 11,000 feet). This means that between

white and black, as represented on the screen, there will be a dif

ference of S°. All objects having a temperature of higher than a 5°
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range will appear as white, while all temperatures below will be

black. The various temperatures within the range selected will appear

as corresponding shades of grey. In Figures 7ato 7c, the sensitivity

varies from 50° to.. 20° to 10°, respectively. These images of Oahu

were taken at [1,000 feet. In the 50° image, the areas appearing white

are very hot compared to the very cool black areas.

The decrease of altitude is similar to the effect of increasing

sensitivity. This is illustrated in Figures Sa and Sb which were

taken at 3,100 feet with a sensitivity of 20°. The intensive heat of

the driveways as well as the temperature variations in the water (ther~

I
mal pollution) are much more noticeable in Figure Sa than in Figure 7c.

All of the 35-mm films were exposed in a late afternoon in July.

SOME APPLICATIONS OF THE AGA THERMOVISION

The use of the AGA· Thermovision for locating and determining

the extent of fresh water is based on its anamolous temperature. Usu

ally the water which is discharged from the land at or near the coast-

line is colder than the already exposed ocean. The actual difference

for the Thermovision is not important; what is important is that there

b,e a definite difference. The Thermovision can detect temperature

differences down. to .2°e. Its usefulness is based on the idea that

the'knowledge of discharge zones will aid in determining the locations

and presence of fresh water inland (Fischer, 1966).

The main usefulness of this method of locating fresh water is

its convenience as a reconnaissance tool. Infrared scanning provides
,

an immediate display of the thermal dynamics of a coastal region.

Large areas of coastline may be surveyed in a matter of hours. It

is true, however, that once cold water is located, a boatload of sci-
. "

entific instruments must be employed to make qualitative and' quantita-

tive assessments of the water. However, none of this work can be avoid

ed no matter what method was initially employed to find fresh water.

The Thermovision has the advantage of saving time and obtaining complete

coverage.

Figure 9 is a montage showing the urban area of Honolulu on a late

afternoon in JUly.· Identification and alignment of these inland images

is relatively easier than coastline imagery. These images were taken
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as vertically as possible since the operator was not attempting to

follow a particular ground form. In the top mosaic, however, the air

craft waS in a.descent so that the series begins at 8,000 feet and ends. '

. at Y,OOO. The lower mosaic was taken at 11,000 feet.

One of the uses of urban infrared scanning is to locate, and thus

prevent or repair hot air or gas leaks from the many underground pipe~

lines, Other possible uses include scanning golf courses and parks to

determine drainage and vegetation requirements. In colder regions it

is possible to use the Thermovision to test the insulative character

istics of different building structures to determine heat loss. In

Jarmer regions building rooftops may be scanned to check erosional ef

fects on temperatures. It would also be possible to easily detect

water-main breaks' and evaluate the extent of seepage.

Sugarcane fields are shown in Figures lOa, lOb, and lOco Figure

lOa is a panchromatic picture showing both recently plowed and mature
/

sugarcane fields. It.fs a section of a 9 in. x 9 in. panchromatic air-

photo (by Towill) which has been enlarged 4.5 times and taken ~t 7,200

feet. Figures lOb and 10c show infrared images of a mature sugarcane .

field and a recently plowed field, respectively. They were taken at

2,300 feet north of Pearl ·City. Since it is late afternoon, it is in-

'~eresting ·to note on the infrared images the very cool areas which still

exist. This kind of anomaly points to the possibility of infrared scan

ning applications in agriculture. Although much work has been done in

the field of forestry and agriculture with infrared technology (Myers

and Allen, 1968), the Thermovision adds ~ promising dimension. This is

particularly true, withi~rigated crops where an efficient use of water

is essenti~l. The Therrnovision .can detect slight temperature di'ffer

ences and present, an immediate image. Infrared scanning is also useful

for determining the distribution of·i,rrigated water in relation to areas

which need it the most. Again, the greatest advantage of the Thermovi

sion is the immediate image. If an area on a plantation was found to

be particularly hot and thus dry, water may be diverted to that area

and the results of the diversion checked immediately. The necessary

correcti~ns can also be made promptly.

Examples of the use of the isotherm function in agriculture is

given in Figure n. The image was taken at 11,000 feet over Oahu. The

image is in the inverted mode with cold temperatures shown as the white
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and lighter areas. The sensitivity selected is at a range of 10°.

These images are particularly gopd in showing cool, and thus moist,

areas in a field and irrigation ditch. If it were desired, these areas'

could be well defined by adJusting the display to exclude all other

temperatures. Further investigation of this use of the AGA would·be

useful.

~igure 12 is an isotherm image of clouds. Variation in cloud

temperatures are readily discernible~ Since the 3 to. 5.5 micron band

is very sensitive to water vapor, its use in this application could be

extremely valuable 'in observing dynamic thermal changes, especially when

movie film is used.

CONCLUSIONS

Even though the AGA Thermovision's usefulness is restricted by.
its narrow field of view, as a temperature sensing device, it possesses

great potentialities in various applications. The usefulness and con

venience of the Thermovision as a practical remote sensing device to

locate and define cold, fresh water along coastal areas is a significant

contribution to water resources research. The application of Thermovi

~ion in urban studies and in agriculture is still to be studied. Other
, ,

forms of Thermovision sensing of atmospheric conditions are just one of

many research potentials. The most valuable asset of the AGA Thermovi

sion sy~tem is its ability to provide real-time images.
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