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ABSTRACT

A single cell , serially scanned , thermal imaging

FLIR system has been constructed at NPS Monterey . The

system consisted of a Cassegrain type reflecting tele-

scope with a convergent beam , oscillating mirror scan

system , and HgCdTe and InSb single cell infrared ietec-

tors . The system was f irst  tested using visible light

and then switched to the infrared wavelengths . The

FLIR has imaged scenes with a temperature difference of

9
°

K above ambient . MTF measurements have shown it to be

diffraction limited by the active area of the detector

crystal and the optics.
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I. INTRODUCTION

FLIR , or Forward Looking InfraRed , is a device

designed to detect the thermal differences in remote

objects, utilizing that portion of the electromagnetic

spectrum commonly known as heat , displaying these dif-

ferences as images visible to the human eye. The advan-

tages of the infrared wavelengths lie in their increased

ability to penetrate atmospheric aerosols and to detect

emissions from objects above or below the ambient

background temperature. Since man and his machines

constantly produce heat as a by-product , night is no

longer a cloak of concealment. Other sources of tempera-

ture difference also act as sources, such as differences

in past sun illumination, water temperatures , etc.

The basic idea behind the FLIR is not new. The

earliest system was a circa-l930 Evaporagraph. This

was extremely limited due to inherent insensitivity and

time response problems.

The ability to create real time thermal images,

however, had to wait for the development of sensitive ,

fast response-time infrared detectors. This occurred

in the late 1950’s and the modern FLIR was born.

Since then, the advance of solid state physics and

the advent of tn -metal detectors , such as HgCdTe or

9
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SnPbTe which require less extreme cooling, have further

- 
stimulated the application of these devices.

r -



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -
~~

-

~~

------_--.--— - --- - ---—---- - - _ -- --,--

~

.--- -

~~~~~ 

- _ —

II. BACKGROUND

Since their inception in the late 1950’s, FLIRs t
have gained ever increasing acceptance in military cir-

cles. It is , therefore , tncreasingly important that

military officers become familiar with design , operating

principles and limitations of the FLIR .

While FLIR concepts have been taught at NPS for many

years , there has been l i t t le  opportunity for direct

• experience with the hardware behind the concepts. This

thesis was undertaken as a system for experimental study .

There are several uses to which an operating FLIR can
p

be put at NPS. In addition to the knowledge gained by

designing and constructing a FLIR , it can be a stepping

stone to understanding the newer technologies of present

day FLIRS. Several projects utilizing the infrared wave-

lengths , such as a recent project in atmospheric turbu-

lence, could also benefit from the availability of a

thermal imaging system .

Thermal imaging is accomplished , in a FL IR, as follows .

Optics collect , filter and focus the infrared radiation

from a scene onto an infrared detector. An optical

scanning system moves the image across the detector

creating a train of analog electrical signals which are

then processed and amplified for display on a video moni-

tor; thus converting the infrared scene into its visible

analog. 11
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The design of this FLIR was kept as simple as possible

to permit study of the effects of individual components

and to utilize those parts already available at NPS Monterey .

No other constraints were imposed . Preferab~.y the system

woul d operate over a wide band of wavelengths , exhibit all

or most facets of FLIR principles and be capable of modi-

fication as the newer technologies become available a

12
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III. DESIGN STEPS

The f i rs t  and overriding concern throughout the desi gn

and construction of the FLIR system was optimization in

terms of components available at NPS Monterey . Due to the

broad range of research undertaken at NPS , parts which

were adaptable to FLIR use were easily obtained .

It was decided to work the design through first in the

visible region of the spectrum . This eased the problems

of focus and alignment and allowed an understanding of

subsystem interrelations vs. system performance. The m i -
tial design had a catoptric front-end optical system with

a catadioptric scan system. With the IR lenses being 1:
germanium and thus opaque to visible light, it was thought

that designing and setting up the system in the visible

region first wo’ild allow a better understanding of the

principles and problems of FLIRs prior to switching to

the infrared region.

A. OPTICS

1. Parabolic Off-Axis Mirror

-

• The first optical design was the use of an 8.57 cm
• diameter parabolic off-axis mirror with a focal length of

25.87 cm. This type of mirror was available from earlier

use in an infrared spectrometer.

13
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A parabolic off- axi s mirror experiences severe

distortions for arriving rays which are not parallel with

the optic axis. This has the effect of l imit ing the total

system field of view . Due to scanner mirror constraints,

the l imiting effect  of the mirror field of view was not

considered important . The constraint whi ch led to this

decision is discussed more fully in the section on the

parallel, beam scanning system .

Another factor in favor of the parabolic o f f -

axis mirror was its lack of central obscurat ion, which

allc~wed the mirror ’s total surface area to be considered

as the collecting aperture . This means a smaller optics

package for a gi ven energy collecting area.

A parabolic off-axis mirror is , in effect, a

mirror segment cut from a larger parabolic surface and

then mounted , as shown in FIG. (I). Prior to its use , the

focal point had to be located .

A HeNe laser beam was run through a beam expander

and positioned such tha t it filled the entire mirror .

Theoretically, when the focal point was correctly located

the image of the beam woul d be a smal l spot . In addition ,

moving the focal plane away from the focal point , in a

line between the mirror and the focal point , will cause

the spot to grow larger . Thi s is shown in FIG. (2 )

column a. Any errors in the location of the mirror focal

point will mani fest themselves when the circle -~~comes an

elipse , FIG. ( 2 )  column b.

H 14
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FIG. ( 1) Parabolic Off-Axis  mirror
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c
ii

. 

0

FIG. (2)  Focal Point Location
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Utilizing this technique quickl y located the focal

point. Upon attempting to form an image at that point ,

serious image coma and astigmatism were noted. A closer

examination of the mirror brought forth the fact that

since the mirror had been cut from a larger mirror segment ,

the f/# was much smaller than it had at first  seemed . The

focal point was located 2.54 cm below a line normal to

the mirror face and tangent to its lower edge. This means

that the minimum diameter of the mirror from which the

segment had been cut was 22.2 cm. With a focal length of

25.87 cm , the f/# is 1.16, While this was acceptable when

the mirror segment was used in an IR Spectrograph , the smal l

was causing aberrations and image degradation for

objects being viewed which were not directly on the optic

• axis. It was decided to try a more conventional optical

telescope.

2. Casseg~ ain Optics

It became apparent that the parabolic off-axis

mirror was not suited to the task and a 15.24 cm diameter

Cassegrainian type reflectihg astronomical telescope with

an equivalent focal length of 228.6 cm was substituted .

The Cassegrainian type telescope is a central

obscuration type utilizing an adjustable spherical primary

mirror and a fixed elipsoidal secondary . This type of

• telescope is called a Dahl-Kirkham and is shown in FIG a ( 3 ) .

16 
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Several of the advantages of the Dahl-Kirkham

telescope ares

• a. It was already assembled and aligned.

b. The 15.24 cm aperture is a large collecting

surface which offsets the central obscura-

tion.

c It is catoptric.

d. Mounting hardware for the scanning system

is already attached in the form of an eye-

piece screw fitting.

Its disadvantages are minor. The larger size and • 
-

central obscuration, not being design parameters, are

acceptable.

The Dahl-Kirkham telescope is the finalized front

end optical system.

B. SCANNING SYSTEM

Concurrent with the design of the front-end optics

was the consideration of the scanning system . Since the

scan system design is not critically dependent upon the

input optics, the two efforts ran simultaneously. A num-

ber of options present themselves at this point; however,

any decision on the scanning system also has to take into

account such other areas as display , image recognition vs.

the human eye and detector types,

17
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The detector’s input to the scanning system is simple

due to the fact that there are only single cell detectors

available. Without linear or planar arrays, the scan must

be two dimensional.

• With any device the ultimate use will drive the design.

In the case of the FLIR , its ultimate purpose is to present

a visible picture to a human operator. It is, therefore,

desirable to try to optimize the FLIR display in relation

to known characteristics of the human eye. Chapter 4 of

Reference 1 contains an interesting and thorough discus-

sion of the subject of visual psychophysics as rel ated to

screen viewing. Any attempt to optimize for the human

factor must take into account the information so presented .

The human interface was not normally considered ; however ,

wherever a design parameter was amenable to change , the

change was made in favor of the human element .

Given the amount of knowledge and experience resident

in modern television technology, the ideal scan system

should be TV compatible. TABL E ( I )  below lists some of

the characteristics of the standard U .S.  television raster .

Line Repetition Frequency 15750 Hz
Frame Rate 1/30 Sec
Interlaced Fields Yes
Blanking Time 10 uSec/Line

l000uSec/Frame
Line Utilization Factor .7
Total Resolution Elements 147,000

TABLE (I)  Standard U.S. Television Raster -

Many FLIRs of’ today are TV compatible; however, the

high scan speeds required rule out several types of scan

systems, including those that depend on oscillating mirrors .

• - -
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The scanning devices on hand are several oscillating

plane mirrors manufactured by General Scanning, Inc. The

mirrors consist of two types: (i) position feedback and

- - - 
(ii) nonfeedback. The feedback type mirror returns an

error signal to a control device which is used to increase

or decrease drive motor power. The feedback mirror is then

able to follow an arbitrary (non sinusoidal) signal to a

high (relative) frequency. This fact makes it the choice

for the fast scan dimension of the system . In contrast ,

the nonfeedback type mirror is limited much more in its

frequency response range for nonsinusoidal signals. This

means that it can be used for the slow scan dimension of

the system. Figures (4-7) contain plots of mirror res-

• ponse as a function of input signal amplitude for various

sinusoidal frequencies.

1. Parallel vs. Convergent Beam Scan

There are two general types of scan technique,

parallel beam and convergent beam.

In parallel beam scanni~ng~ the scan system i~
located in aregion where the images are “afocal.” This

technique avoids image blurring caused by focal point

shifting. A field lens located in front of the detector

intercepts the “afocal” beam and focuses it upon the

detector as shown in FIG. (8).

In convergent beam scanning, the scan mirrors

are located between the optics and the focal plane as shown

20
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in FIG. (9). While much simpler to construct and align ,

convergent beam scanners cause image deformation by

mirror induced focal point shifting as shown in FIG. (10).

The first design used the parallel beam scan tech-

nique. It quickly became apparent that alignment of the

system would be tedious and unproductive. Two considera-

tions prompted a switch to the simpler convergent beam

scanner.
I.

First , to allow rapid scan speeds , the two attached

mirrors had to be small due to inertia considerations. The 
- •

type (i) is a circle 2.54 cm in diameter and the type (ii)

a rectangle with dimensions 3.3 cm by 3.94 cm. With the I
Dahl-Kirkham exit beam aperture diameter equal to 3.2 cm ,

and both mirrors stationary positions being at 45 degrees

in relation to the exit beam , the mirror motions must be

kept small in order that they present a sufficient cross

section to the image beam.

Secondly , the Dahl-Kirkham telescope has a 25.4 cm

back focal length for an object at infinity as measured

from the primary mirror. If the scanning system could be

located close to the exit aperture, it would be (due to

the long back focal length) operating in a region where the

image beam was nearly parallel.

Because of the necessity for small mirror motions

and the long focal length, the use of the convergent beam

technique would not cause unacceptable image blur through

beam defocus. Consequently, the convergent beam scan system

was settled upon as the system for the FLIR.
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2. Raster

The raster consists of two orthogonal linear motions .

The high speed scan is fixed near its maximum value for -

* 
linear sinusoidal frequency response. The fast scan is

set at 200 Hz in art asymmetrical sawtooth pattern.

E. W. Engstrum , Ref (2), in a study of television

characteristics, concluded that the ratio of lines per

picture height has a definite impact on visual accepta-

bility. He found that a ratio of 240 lines per picture is

satisfactory , 180 lines is marginal , 120 lines barely

acceptable while 60 lines is totally inadequate. Given

a fast scan rate of 200 lines per second , to optimize the

raster at greater than 240 lines per picture means that the p

slow scan must have at least a 1.2 second interval excluding

• flyback time. This value being well within the capability

of the slow scan mirror was set to a value of 1.5 seconds

with a flyback time of .5 seconds. This is proportional

to a .5 Hz frame rate and 300 lines per picture height. As:

with the fast scan, an asymmetrical sawtooth is used. This

was one area where the human/machine interface was amenable

to optimization.

While it is undesirable for the operator to per-

ceive the raster, it is visible on the screen as a line

which slowly moves down the screen, painting the video

picture.
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C. DETECTORS

Any consideration of detectors must first start with

a decision as to the particular wavelengths to be covered .

For mili tary FLIRs , the regions 3-5 ~..zm and 8-12 ~im are of

particular interest. However, to simplify alignment and

speed the design process, the first wavelengths investi-

gated were in the visible.

State-of-the-art FLIRs use linear arrays with full

field planar arrays still in the future. Fortunately,

the two single cell detectors , manufactured by Santa

Barbara Research , Inc., were modern , high detectivity and

fast response-time detectors. They consist of a Mercury

Cadmium Telluride (HgCdTe) and an Indium Antimonide (InSb)

detector having circular dimenstons of 2 mm. They are

mounted in side-looking dewars and utilize liquid nitrogen

cooling to 77°K. The dewars are capable of a minimum of

four hours nitrogen hold time. The HgCdTe detector oper-

ates in the 8-14 ~mi region and is equipped with an IRTRAN ~

window. The InSb (PV) detector operates in the 3-5 1um

band and is equipped with a sapphire window . Figures (11)

and (12) show some of the IR detectors ’ operating charac-

teristics.

In the visible range, a silicon avalanche diode is

used. It has a range out to approximately 1.1 ~4..urt as shown
- 

- 

in FIG. (13).
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The angul ar projection of a detector with dimens ion,a,

through an optical system with an effective focal length ,!,

isi d a/ f

When using a focal plane baff le ,  the quanti ty,a,  becomes

the exposed detector dimension. Reducing the detector size

reduces the instantaneous field of view and thus increases

the resolution of the system . A smaller detector size al so

reduces the random detector noise , thus increasing the

signal to noise ratio, provided that the background

radiation noise is dominant.

Reference 3 descr ibes a commerc ial , single-cell detector

FLIR which uses a circular detector with a diameter of

.005 cm. Utilizing this as a target dimension , the three

detectors with 2 mm diameter dimensions have surfaces 40

times larger than desired. The larger dimensions , while

L 

simplifying alignment, reduce the resolution of the system .

Two possible methods for decreasing detector size are

• (1) smaller active area of detector or (ii) occluding

most of the large detector active area with a baffle. The

latter method was chosen, and small pinholes , using a ~k8O

drill, were manufactured and positioned over the center of

each detector. A #80 drill, the smallest commercially

available, has a diameter of .0343 cm and while this is

• still seven times larger than the targeted .005 cm , it is

acceptable.

Another factor which has to be considered with the

detectors is the response time in relation to scan speed.
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The dwell time of a single cell, detector in a scanning

system is given by:

• Td =4j

where: a = one dimensional instantaneous field of view
• 

- 
A = one dimensional total field of view
F = l/Tf

Tf = single line scan time
Td = dwell time

For the system:

a’ = .15 milliradians
A = 13 milflradians
F = 200 1/sec

Td = 58 usec

HgCdTe has a response time of 100-800 nsec and InSb has a

response time of approximately I usec . With the dwell

time a minimum of 58 times longer than the slowest res-

ponse time there are no problems in this area.

D. ELECTRONICS

The major thrust of the electronics suite was to keep

it as simple as possible while still providing the neces-

sary services for the optical portions of the system.

The electronics package is broken down into two sections:

mirror scan drive and detector/video support. The mirror

scan drive section provides drive power signals to the

— mirrors and scan control signals to the video system.

1. Mtrror Scan Drive

A Wavetech function generator provides two asym-

metric sawtooths to generate the raster. In addition, it

34
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generates a control pulse which is used for video flyback

blanking. TABLE (II) lists all the components of each area.

• The raster signals are fed to a synchro control unit

and a power amplifier which provide drive power to the

mirrors. The fast scan mirror , due to its feedback control
N

system , requires a special scanner control unit while the

slow scan mirror utilizes a HP 467A DC power amplifier.

The response of the mirrors to the raster signal

has an inherent time delay . In an attempt to avoid this lag

interfering with proper synchronization between video sig-

nal and video raster, the fast scan signal for the video is

taken from the position feedback signal from the fast scan

mirror. This signal is available at the synchro scanner - :

control. This type of position signal is not available - -i

with the slow scan nonfeedback mirror , so that the slow

scan raster signal comes from the HP 467A DC amplifier.

EQUIPMENT USE

Mirror Support H
Wavetech Model 184
Function Generator Raster Control V
General Scanning CCXIOI
Scanner Control 

- 
Fast Mirror Drive

Hewlett Packard 467A
Power Amp . Slow Mirror Drive

• Detector/Video Support
Interstate Elect. Corp. P12
Pulse Generator Flyback Blanking

(cant.)

35



-r-

EQUIPMENT

Princeton Applied Research
Model 113 Prea~np Detector Signal Amp .

Hewlett Packard 465A
Power Amp. Video Signal Amp .

Hewlett Packard 467A
Power Amp . Bi~ king Signal Amp .

Monsanto OS-226 ( P )/ U S M - 368
Oscilloscope Display

TABLE (II) FLIR Electronic Equipment

2. Detector/Video

In the video section, the most important component

is the display unit. The display unit has to be able to

utilize adjustable scan signals in two dimensions and be

capable of beam intensity modulation. In a?ziition, the

screen has to have a fairly long decay phosphor to compen-

sate for the slow frame tLme . The oscilloscope listed in

TABLE (II) meets all these requirements nicely.

To obtain useable signals from the detectors ,

F each requires different biasing and/or power supply

arrangements. The InSb (PV) detect-or is operated into a

300 Megohin input resistance around a bias voltage of 0;

FIG (14). The HgCdTe detector is photoconductive, which

means a conduction current is necessary , while the avalanche

photodiode operates near brea~ 1own and requires 156 volts. 
- 

-

Figure (15), (16), and (17) detail the requisite circuits.
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All three detector outputs are fed into a PAR 113

high gain preamp which normally would provide all the

necessary amplification. However , the fact that the signal

- • 
is required to modulate the beam intensity for the oscillo -

scope means that an additional stage of amplification is

necessary. The second stage of amplification is accom-

plished by a HP 465A DC power amplifier which can provide

40 db of gain to comparatively high voltage levels without

saturation.

To provide for a more acceptable video display , the

screen i~ blanked during the slow scan flyback time. Only

the slow scan flyback is blanked; the fast scan flyback

does not cause any noticeable interference.

Blanking is accomplished by a pulse generator
I--

triggered from the function generator, which then outputs

a single pulse of the proper dimensions . Since the oscillo-

scope operates on the principle that a negative voltage is

proport ional to the brightness level , the pulse generator

has to produce a posttive pulse. For the Monsanto Oscillo-

scope a minimum voltage of +10 volts is required to cause

blanking.

Due to irnpedence mismatching at the oscilloscope

Z input, a diode was inserted between the HP 467A and the - 
-

Z tnput junction. The diode allows the pulse to pass while - -

preventing signal loss to the pulse generator from the

HP 465A signal amplifier. The HP 467A pulse generator

39 
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amplifier was added to increase the blanking pulse’s

amplitude. This is required because the pulse generator

• 

- is capable of a maximum pulse amplitude of 10 volts and it

is attenuated by the diode below useable levels.

I.

I ¶

H
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IV. RESULTS

A. VISIBLE

After ensuring that the individual subsystems operated

• properly, they were integrated into the FLIR system. As

discussed previously, the first imaging attempts took place

using the silicon avalanche photodiode in the visible

region.

Figure (18) shows the target for the first imaging

attempts. It was located at the end of a passageway , 132 m

from the system. Initial scene illumination was one 100 watt

V incandescent light bulb.

Utilizing a ground-glass screen, and slowing down the

fast scan mirror, allowed the field of view to be measured.

At 132 meters the field scanned was 83.8 cm by 38.1 cm

which is proportional to a 6 milliradian by 3 milliradian

• field of view . Normal mirror scan frequencies during this

time were 160 Hz and 3 Hz.

Figure (19) shows the first recognizable video image

produced by the system. It is the 100 watt light bulb and

its white reflector, which had been turned to shine directly

toward the telescope, seen through the vertical slats of a

wooden chair. In this case, the detector was fitted with

a .034 cm pinhole.
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FIG. (18) Visible Light Target
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FIG. (19) First Visible

Light Image . Incandescent

light bulb seen through

vertical chair slats.

FIG . (20) Visible light

target and reflector

backs. 64 Meters .
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Since scene illumination and received light power are

limiting factors , two additional 100 watt l ight bulbs

were added for illumination and the target was repositioned

• to a distance of 64 m from the system. Figure (20) shows

the results. Clearly visible are the three light ref lec- H

tor backs as well as the resolution chart.

Picture size and intensity can be controlled by

adjustments to oscilloscope controls and amplifier gain.

Subsequent pictures were expanded to f i l l  the entire

oscilloscope screen. Examination of the initial pictures

indicated that the field of view had expanded to 13 mu lL-

radians by 10 milliradians. This was due to the change

in scan system type and its movement closer to the optics

exit aperture .

During the next f ew days , the emphasis shifted to

optimizing the picture appearance through the use of

available controls and pinhole sizes. Figures (21) and (22)

sh~~ the difference in resolution caused by changing the

pinhole diameters. The .034 cm pinhole produced clearer

images and was accepted as the standard for subsequent

experiments.

Figures (23) and (24) illustrate the effect varying

• the slow scan speeds has on the. video . In the top

picture, the slow scan has been speeded up such that the

fast scan raster is visible. In the bottom picture, the

slow scan speed is such that the number of horizontal lines

_ _ _ _ _ _ _  

— 

~ ~~~~~~ ~~ 
- - 

~~~ ~~~~~~~~~
- -

~~
-
~~~~

- —— ~ ~~~~ 
—



.

• FIG. (21) Target using

.034 cm pinhole.

FIG. (22) Target using

.053 cm pinhole.
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slow scan speed of 3 Hz.

I 

FIG. (23) Target seen with

The fast scan raster is

visible.

r

I

FIG. (24) Target with ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

slow scan speed of .5 Hz.

No raster noticeable. 
___  

_ _ _ _  ___
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is greater than 240 . As previously discussed , this fi gure

of 240 lines per picture provides an acceptable image .

These pictures verify the results reported by E. W. Engstrom

in Reference 3.

All the pictures from the system used exposure times

averaging 60 seconds which had the effect of integrating

many pictures . This integration eliminated any slow scan

raster perception. To the observer, however , the slow scan

was clearly visible as a line which moved down the screen,

painting the video image. The perception of the scan was

not annoying and after several minutes viewing was not

consciously visible . The picture on the screen was clearly

visible and recognizable after a single pass of the slow

scan , due in part to the long persistance of the screen

phosphor and the ability of the eye to integrate a signal

extended in time and space .

B. INFRARED

With success in the visible wavelengths and a better

understanding of the interrelation of the individual

subsystems to overall system performance , work was started

to switch over to the infrared bands. Due to dewar design,

it was at first deemed impractical to locate a pinhole

close enough to the detector .

The first infrared imaging attempt was made by

using one of the 2.54 cm focal length germanium lenses

47
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T 1
to focus the image of the pinhole, which was physically

located at the focal plane of the front end optics, onto the 
I

detector. The detector used was the HgCdTe (8-12 pm) detector .

The targets for the initial attempts were as shown in

FIG (25). The soldering iron and heating element were the

IR targets while the incandescent bul b was used to check

scan system alignment .

After several unsuccessful tries , the images of

FIG. (26) were produced . The U-shaped heating element is

clearly visible, as is the soldering iron more faintly

to the left side of the picture. The bright spot in the

center is apparently the hot filament of the light bulb

as seen through the glass. The double images and blurring

were caused by slight misalignment of the lens and the

fast scan flyback.

Using a Chromel P-Alumel thermocouple the tempera-

tures of the targets were ascertained and are listed in

TABLE (III) below; background temperatures were on the

order of 295°K.

HEATING ~~EMENT 755°K 
AT = 460°K

SOLDERING IRON 673°K AT = 378°K

TABLE (III) :  Target Temperatures

Appendix A contains energy calculations for the received

energy from these temperature targets.
-

• At about the same time as the images were being pro-

duced , it proved feasible to equip the IR detectors with

pinholes close to the detector surfaces. This eliminated

the need for the germanium lens and the alignment procedures.
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• FIG. (26) First Infrared

Images in the 8-12 um

band.

FIG. (27) Images with the

new pinholes installed .

_ _ _  
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The pinhole size was the previously utilized .034 cm dia-

meter pinhole. Figure (27) shows the results from this

arrangement. In this second picture, the images are much

sharper and clearer. Even the reflector , which was present

for this group of pictures, is faintly visible behind the

filament hot spot.

In figures (28-30) various target aspects and ranges were

studied for their effect on scene recognition. As in the

previous pictures, the slow scan is from top to bottom

with the fast scan from left to right. Sixty seconds

average exposure time for the photographs caused scene inte-

gration. All pictures were visible and recognizable after

a single frame. The scan speeds were 200 Hz and .5 Hz.

• The heating element’s temperature was adjusted down-

ward and every effort was made at the system to maintain

the image; including increasing the PAR 113’s gain. During

this experiment the temperature at which the image of the

heating element disappeared into the background noise was

365°K , AT = 70°K.

The light and dark bands across the picture face were at

first thought to be attributable to NON DC Restoration (Ref. 1).

However , they were later traced to an electrical problem .

The electrical problem first surfaced when the InSb

detector was used. Figure (31) shows the target images as

recognizable but blurred and with the heating element cut

51 
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FIG. (28) Targets at

64 M. HgCdTe detector.

—

I

FIG. (29) Target at • - _ _ _ _ _

3 2 . 6  M .  HgCdTe detector.
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HgCdTe detector.

I  

FIG. (30) Target at 32.6 N.

FIG. (31) InSb detector

first attempt showing 
• 

-

impedence mismatch

problem.
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off at its top . Figure (32) shows the same scene with

the blanking pulse generator disconnected and the PAR 113’s

gain reduced . The shadow behind and to the upper right

of the heating element was caused by the unblanked slow

scan flvback . The problem turned ou’ to be an impedence

mismatch the correction of which , as previously discussed

in section III  D, involved the insertion of a diode. As

can be seen in FIG. (33) , this small correction resulted

in a significant improvement in image quality.

With the complete system in operation, measurements

were once again conducted to determine the minimum discern-

able temperature dif ference of the system in each frequency

range. The target was the heating element controlled by

a powerstat . An attached Chromel P-Alumel thermocouple

was used for the temperature indicator .

Using the HgCdTe detector, the element was discernable • 

-

down to a temperature of 304°K , AT = 9°K, at 65.5 meters .

The InSb detector did not do as well and the image was

lost when the temperature reached 391°K , ~T = 96°K.

Appendix A gives the energy calculations for these two

temperatures .

It is interesting to note that while the InSb has the

highest D*, it did not achieve the lowest temperature

reading. The reason for this apparently lies in the power

in the region in which each detector operates . As can

be seen by the calcul ations in Appendix A,  the InSh

detector received less power by a factor of two . Whi le  a

54

- —- - - •- - - • - - • - . - . - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- —-- - 
- ~~~~~~~~ 

—- - - i
~~~~~~ -- — -- 

-

I 

FIG. (32 ) InS b detector

Pulse Generator disconnected .

If

FIG. (33) HgC~Te detector

with corrected impedence.
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comparison of the detectors ’ D*s would show that the InSb

detector has a factor of 10 improvement over the HgCdTe

detector and thus should have done better , it is not true

in this case. The HgCdTe detector used in these experi-

ments was more sensitive than the standards shown in FIG. (11)

by nearly that same factor of 10, thus explaining the appar-

ent discrepency.

In both of the minimum temperature experiments , the PAR

113’s gain was increased as si gnal power was reduced until

the image was lost in the background noise level.

C. MTF CALCULATIONS

- • 
One final step prior to use of the system upon real

world targets was the characterization of system perfor-

mance through the calculation of its MTF and comparison

to the theoretical performance.

The target for this test was a length of #30 Nichrome F
resistance wire shaped into a rough square, FIG (34) ,

located at 65.5 m from the system. Taking a single scan

through the two wires provided the systems impulse response.

• The wires were small enough in angular dimension to be

considered point sources and the two wires , together with

their known angular separation , provided a method for

self calibration of the oscilloscope pictures.

A graph from the expanded picture of the single wire

response, FIG ( 35) , was digitized and used in a Fast
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FIG. (34) Ntchrome Wire >ITF Tar~et
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FIG. (35) Single Wire

Delta Response L

F I G .  (3 6)

Enlarged Single

Wire Response
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Fourier Transform computer program to obtain the system ’s

MTF .

Utilizing the same Fast Fourier Transform program ,

the theoretical MTF due to the pinhole Line Spread Func-

tion was calculated and plotted as FIG (37) .

A different computer program designed by Professor

Milne , NPS Department of Physics and Chemistry , was used

to calculate the theoretical MTF due to the diffraction

Line Spread Function caused by the telescope optics and

it is given as FIG (38) .

Taking the product of the two theoretical MTF5 ,

which were considered to be the major contributors to

overall system MFT, gives the theoretical system MTF.

A comparison of the theoretical and experi~~nta1

results , FIG (39), shows a good agreement between the

two curves. As expected , the experimental results over

most of the frequency range indicate that the system does

not resolve as well as it theoretically could. It is

interesting to note that between 0 and 1.7 milliradians~~’

the system does slightly better than predicted . It would

be interesting to speculate upon the reasons for this

— phenomenon, but that is beyond the scope of this project.
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FIG. (37) Theoretical MTF due to Pinhole
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FIG. (38) Theoretical MTF due to Optics Diffraction
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FIG. (40) ~~F Target.

Bright spots indicate

location of single line

scan.

FIG. (41) System

Target Response.
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V. SUMMARY

An operat ing FLIR was designed and constructed utili-
-
• 

zing components available at NPS. The device, employing

a convergent-beam , mirror scanning system , is totally

catoptric and capable of operating over a wide range of

electromagnetic wavelengths . It is less sensitive than a

completely optimized configuration, but performs about as

was expected under the conditions of the trade-offs

dictated by the existing components. However , as the first

• such device physically available at NPS, it has proven

invaluable in providing a working knowledge of FUR

problems and principles. The system should prove an

excellent platform for further advanced study in the field

of thermal imaging.

Lessons learned during the course of this project

include the interrelation of systems components as related

to resolution , the significant effect that the electro-

nics package has in video signal recognition and, in general ,

how video systems perform.
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VI.  AREAS FOR FURT}~R STUDY

Though FLIRs are not new , their experimental study

at NPS is a new field , and , as with any new endeavour,

opportunities abound for further study , research and

improvement .

I.

A. IMPROVEMENTS TO THE SINGLE CELL FLIR

There are many areas where the single cell FLIR could

be improved . A different optics system , with shorter

focal length, would increase the field of view. The scan

mirrors should be enlarged to intercep t more of the image

beam and to allow for larger mirror displacements to

increase the field of view ; this would necessitate that
• larger mirror drive mo tors be provided . The mirror scan

system could be redesigned to utilize such devices as 
-

•

rotating drum mirrors, rotating prisms or wedges.

With a redestgned scan system the raster rate could

be increased to make it compatable with the standard U.S.

TV format. This would enable a TV monitor unit to be used

• for display .

New detectors of smaller size would increase the signal-

to-noise ratio and increase resolution. Other detectors in

different wavelengths bands would increase the dynamic

range of  the FLIR.

-— ______________ ~~~~~ ~~~~~~~~~~~~



B. MXT GENERATION IMPROVEMENTS

To progress beyond the single cell FLIR would require

use of more state-of-the-art equipment and techniques.

• . Linear array detectors and their associated electronics

and scan systems are presently commercially available.

Full field planar arrays operating on either the CCD or

CID principle should be available in the near future .

Either type of array would cause a quantum jump in FLIR

performance.

Computer enhancement of the video si gnal is another
- az~ a where good effort would pay off handsomely in

improved performance .

Moving away from scanning systems altogether, the

pyroelectric vidicon is pushing to the forefront of the

attempts to produce a thermal imager on the same lines

as a tel evision camera . Its use is sure to in~~ease with

time and should provide an interesting area for study.

C. GENERAL RESEARCH AREAS

In a more general vein, once the operating principles

of thermal imagers are more thoroughly understood , it

would be extremely beneficial to the NAVY to pursue a

study in the trade-offs required to use the different IR

wavelengths and styles of FLIR equipments. Another

possibility would be a projection on the costs and weights
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of planned and projected improvements, as related to

mission requirements , to military FLIR systems.

- 
This project has only touched the surface of a rich

and varied field of endeavour which is of immense interest
- to anyone concerned with National Defense. The afore-

mentioned areas are not meant to be comprehensive or

all, inclusive and should serve merely to stimulate the

intellect.

I.

p
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~~PENDIX A ENERGY CALCI~~ATIONS

Target - - Incone]. Rod

Emissivity = .7 .635 cm diameter

Optics

Instantaneous Field-of View = .15 mifliradians square

at 6 5 . 5  meters .965 cm square

The target appears as a flat surface with dimensions ;

.6)S cm by .965 cm 

TEMPERATURE = 75 5 . 8°K • 

-

— Power in the 8-13 ~~n band
From universal black body curves 20.57.
of the total power is in the band.

Mt = = 1 84Xl O4 W/m2 X .7 = l.28X1,04 W/m2

M = .205 X Mt = 2.62X103 W/m2

Power in the 3-5~&un band

From universal black body curves 32.5~
of the total power is in the band.

M = 4.21X].03 W/m 2

Assume a Lambertian Surface for the Rod target.

L = M / P I

L(8-13) .834X103W/m 2STR L(3-5) = l.34Xl03 W/m2STR
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I
Rod = 6.13X10 ”5 

M
2

I L X A

I (8-13) = .05 W/STR I (3-5) = .082 W/STR

• Solid Angle Subtended

OPTICS 15.24 cm diameter Area = 182.4 cm2

OBSCURATION 3.49 cm Diameter Area = 9.58 cm2

• at 6.55X103 cm

A/R2 = 4.2Xl0 6 
- .22X10 6 STR

= 3.98Xl0 6 STR

Received Power at the Aperture

(For a temperature of 755.8°K)

~ 1d’I.

~ ( 8 - 1 3 )  l .99X10 ” 7 WATTS

~~ (3-5) = 3.26XlO 7 WATTS

TEMPERATURE = 304.5°K (HgCdTe Detector minimum detectable)

Power in the 8-13 ~um band

From the universal black body curves 347.

of the total power is in the band

Mt 487 W/m2

M = 115.9 W/m2

L = 36.9 W/STR m2

I = 2. 26Xl0 3 W/ STR

• = 8.99X10 9 WATTS Power received at the aperture
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TEMPERATURE = 39l°K ( InSb Detector minimum detectable)

Power in the 3-5 ~.&nn band

From the universal black body curves 67.

of the total power is in the band.

Mt = 1325 W/m 2 —

M = 55.6 W/m2

L 17.7 W/m2STR

I = 1.08X10”3 W/ STR

= 4.32XlO 9 WATTS Power received at the aperture.

I
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APPE N D IX B SYSTE~1 PHOTOGRAPHS

— .

FIG. (42) Optics and Scanning
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FIG. (43) Electronics
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FIG. (44) Scanning Mirrors
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FIG. (45) Scan Mirrors and Detector in Dewar
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• APPENDIX C OPERATING INSTRUCTIONS

- 

List of Equipment

Equipment Name Symbol

WAVETECH I4DDEL 184 FG
Function Generator

GENERAL SCANNING CCX1O1 SC
Scanner Control

• HEWLETT PACKARD 467A PA].
Power Amplifier PA3

INTERSTATE ELECTRONICS CORP. P12 PG 
-•

Pulse Generator

- 

. 
PRINCETON APPLIED RESEARCH ~~DEL 113 PAR
Preamp

• HEWLETT PACKARD 465A PA2
Amplifier

~DNSANTO OS-226(P)/USM-368 OSCOPE
Oscilloscope

SIGNAL_ FLOW I SWITCH SETTINGS

FG
~T~P OUT to (SC ) External Input
PUL SE OUT to (PG) Trig/Gate Input
50 ..fl.ouT to (PAl) INPUT

FREQ Xl Set 5 on dial• SYM?~ TRY Full CW
- WAVEFORM

AMPLITUDE -20db , adjust fine as required
-

•

P~SITION (on back) to Mirror
• DRIVE (on back) to Mirror

• POSITION OUTPUT to (OSCOPE) Channel 2

Adjus t OFFSET AND ATTENUATION as required
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PAl
~UTPur Connect both grounds
OUTPUT to (OSCOPE ) Channel 1
OUTPUT (on back) to Mirror (slow)

AMPLIFIER XlO

PAR
ATh from appropriate detector
OUTPUT to (PA2) Input

LF ROLL OFF - DC
HF ROLL OFF - 300K
Adjust GAIN as required
Set for AC operation

PA2
~~~PUT to(OSCOPE) a input (on back) T connection

GAIN - 40db

PG
~~ SITIVE to ( PA3 ) Input

Set voltage at 10 volts
Adjust delay and pulse width to blank flyback
Set for single pulse

PA3
to Impedence box and then to Z input on (OSCOPE)

VOLT X2

OSCOPE
Both channels set for DC
Channel 1 .5 mV/DIV
Channel 2 20 mV/DIV
Adjust fine gains till picture is proper size
HORIZ DISPLAY - XY

~NSTRUCTIONS

1. Adjust the function generator frequency and sweep

controls until the desired raster is produced. Use the

- - attenuation control on the scanner drive control to help

with sweep size.
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2.  Adjust the pulse generator prior to imaging by blanking -•

the sawtooth of the slow scan displayed on the oscilloscope.

3. Adjust the detector power supplies/bias circuits as

- required

4. Signal gain should normally be controlled only at the

PAR 113, leave the HP465A at 40db .

5. Insure the diode box is connected correctly. Reverse

connecting will cause signal loss.

6. Adjust oscilloscope controls to produce the correct

- :- size Picture. The time base is not used for imaging.

7. During normal viewing, the oscilloscope INTENSITY

control should be set as low as possible. Thi s helps

prevent raster perception. Focus the oscilloscope beam -•

as fine as possible.
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