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This interiﬁ report summarizes the work done in the first two months
of the contract period. The objective was to evaluate different methods proposed
for the measurement of atmospheric transmittance #with AGA 780 camera.
Simultaneously, a computerized formulation was prepored for the data analysis
of the output ;f the AGA system (the data link).

A first field test was performed over a range of 400m. As a result
of this experiment a calibration procedure, which is needed for the measurement
of an absolute (integrated) atmosphric transmittance, was established.

This procedure is needed for further evaluation of the measurement methods. _._ |
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Introduction

The infrared contrast of a target as recorded
by an infrared imager depends upon the intrinsic contrast of
the target, the intervening medium between the targat and the
camera, and the resolution and sensitivity of the recording
instrument. The present work was carried out to determine the

degradation of the intrinsic contrast of a 3-bar target in

and the infrared camera. The infrared imager used in the

i

\

.‘

l\

b\'

i the presence of smoke in the optical path between the tarcget
w

E experiment was a commercially available imaging system,

nameley the AGA 730 Thermovision camera with its associated

electronic control and recording units.

Theoretical Background

The main aim of the present work was to
determine contrast transmittance through a smoke
obscurant.The contrast between a target T and a background B
can be defined in various ways.The definition used rere is

C(S)=[LT(5)‘LB(S)]/LB(5) """""""" (1)

where C is the contrast, s the distance between target and

¥

_-J

camera, LT(S)[LB(S)] the target [background] radiance ~

g

integrated over the spectrally sensitive band of the ~

instrument, The units of Ly{L;] are in milli- ~

8] <

watt/cmz/str. -

The intrinsic or inherent contrast is given by i

o

C(O)=[LT(O)-LB(O)]/LB(O) “““““““““ () ;

where the relevant quantities are defined in the target %

plane. ;

[ ]

oo e L maw ymatp® - D - L) v a* v',- . L Al . » .\’\ ~ W Ty \'.\“\ - \-..\,‘-:
O A G A G A GO DA SRR O CH AR ER AN RNV RN LNV KA CH




S WAL A

b 2% e TR 3 ') NI '-." N .."'
1_).-:“ 4.4 \_). \*Lﬂ-{k{&{..\ el

The contrast transmittance is then defined as
T (5)=C(5)/C(0) mmmmmmmmmmomooee e (3)
The use of eqn.(3) requires a knowledge of the intrinsic
contrast in the target plane which may not be always
available. A way to circumvent this is as follows.
The total radiation incident on the detector is given by
| LT(s)=LT(O)*t(s)+Lp(s) ——---—f-—--——f--—(d)
where t(s) is the path transmittance . and Lp(s) is the
path radiance. A similar expression holds for the total
incident radiation from the background on the detector. Using
relation (4) in (2) one obtains the following relation for
the contrast transmittance:
Tc(s)=1/[1+F(S)] --------------------- (5)
where F(s)=Lp(s)/[LB(O)*t(s)].
Thus the contrast transmittance is obtained as a function of
the path radiance, the path transmittance, and the background

radiance in the target plane,
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Experimental set up

‘ The commercially available AGA 780 Oyal channel

Thermovision system is a very sensitive detector of infrared

P ]
7 ’\"\’\"\ & %

s

| ' radiation both in the 3-5 micron and 8-12 micron regions of
the electromagnetic spectrum. A schematic diagram of the
carmiera optical head is shown in fig.1. The present work was
carried out in the 8-12 micron region only.The relative

spectral response of the AGA system is depicted in fig.2 .
The collecting optics consisted of a germaniunm

lens which concentrated the infrared rediation in its IFOV on

» A x
-
.«

to a liquid nitrogen cooled detector,with no intervening

G
filter. The infrared image is made up of 64x123 picture ;
elements called pixels. The voltage signals generated at each 3‘

.'
I

pixel during the operation of the infrared scanner represent :?
¢
the distribution of infrared energy in the cameras field of v

view,

The electronic control and data aguisition mocules of

the AGA system can be used to define a region of interest and

obtain maximum,mininum,or averace values of the signal in the iﬁ

»,
defined region. The instrument output 1s in Isothermal Units, ;é
which is directly proportional to the collected radiration. ;ﬂ
In addition to obtaining a cdirect readout our systerm 1s also :a
linked to a I58/i-PC micro corputer which allows ocne to record '"g
picture frarmes or a floppy cisc. The date on the disc can :i

v
then be viewed anc analyzec¢ at a later tire. By
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Fig 1: Schematic diagram of the AGA 780 thermovision camera head.

LWL L W T S DU L }

d
\
\

PR 0L L0 LY RSANARAY G, GG, Py, K,



4 ’ N « . « ¥ Y " adillien o gy Idijq. . o Y T v - ot o S S R I FEE ey
0L W I 23 uﬂv‘t.-.w\u- XA XK BRI L fa T Aoy DA aal A LA .L\..\-u-. AL LIPS ‘w-.-h.\-\mvs\-\b ISgsw<q "o LY

amyee.

e

‘A

L S S

e

A

NS

N

uotbaa yibuarasem BUO] oyl ul PUBWED Yoy BYI JO SAUND dsuodsas jesydsds eyp g by

e T

(INCHOIWIH IONTTIAY N
Kt ct Ot ? [0

I { { { | ! ! 0
~ o %
/
- 20 .
- X
(990) m«
~ +0 b : "
m A
%) o X
- G0 3 . X
3
»] [
)
- g0 ™ x
3
= L0 na.,
- g0 S

VA,

-
»

~ 670

e

v
WA,

~
-,
.afaf

»
y VN

S e T Y TR e,
VAT NG

-. » N s v (AR v ? ¥ O TR . I, AR TRAARIWWKY VALY, IR



PR St AKA M AR AR SRS M AS ARSI T X
1Y 2 o N A LU M AR e A AR ACAS SRR v ;

P [ -~

-6 -

The target simulator (for the laboratry experiment
only) consisted of three thermoelectric modules, one of which
was maintained at a temperature below ambient and the other
two at identical temperatures above ambient. Constant
temperatures on the surfaces of the thermoelectric devices

were achieved by using a stable regulated current scurcoe.

The experiments were carried out under laboratory
conditions and the cistance osetveen the tarcet and the carera
was 3.5 meters. The smoke odscurations were carried out near

the target plane.
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The direct readout of each pixel is given in
instrumental units called isothermal units (IU).(IU is the
same as volts). The IU value is proportional to the

radiation collected by the IFOV of the camere during its scan

over the target spece. In order to convert the IU values to

Ve

¥
!
! radiances a calibration of the instrument against a knoun
i

blackoody source is carried out.{See fig.3). This

“g e
L I |

calibration yields a'straight line for a plot of neasured IU

N

velues versus calculated radiances from the blackbody source

" <R X _F.T.Te T MRS T %N 5y WEEwR e T S e T emm T T e
-t

at different temperatures. The measured IU values in the

E experiment can thus be treated to give equivalent radiances ‘r
s, .
h at the target plane. %
. It should be emphasised here that one does not know a- ;
: priori the smoke transmittance value and hence we used E
'~

5

equation (3) to calculate the contrast transmittance values

N T
A ]

with a sroke obscurant,

)

The results obtained are presented as thermal inages

« ® -
. 'm

anc a table of values calculated fror these inages.
A) Fig.4 is a recording of the camera vicdeo output. Viewing
fromn left to right the dark sguare represents the tarcet )

colcer than the surroundings, whnercas the fuc 9ri

MY —~ -
1L STuUares

W

represent targetls warmer than the surroundings. In this case

there is no clutter in the optical path between the taraqe

+
-

and the carera.

. I R . - A%y
Fig.5 1s a recording of the same targets in the presence of N

)

y | N

sroke necar the target plane. le plainly see that the contrasc :a
between the target and background 1s greatly recduced, the -
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signal from the cold target region has been raised whereas

rALS

that from the warr target region lowered.

.

o -

B) Etach frame of the recorded picture can be scanned line by

- line by the computer, either in the vertical or horizontal )
) '.:

ik directions. A horizcntal scan through a region of interest

e i

LY

containing the targets is represented in fig's.6 & 7. The X

and Y directions in these figures represent the Geometrical

length and breadth of the target whereas the Z axis gives the

¥ Y Y v
AR
. b3

radiation intensity in units of volts or radiance
(mu/str/cmz)'

Chrve 1 in fig.8 shows a cross section of the target
radiances in the target plane with no smoke present. Curve 2
in the same figure represents target radiances in the
presence of smoke. lNow since the physical temperature and
emissivity values of the targets are unaffected by the smoke
screen , a ratio of target radiance value with smoke to its
value in the absence of smoke gives us the smoke attenuation
factor in the 8-12 micron region.

Fig's. 9 & 10 are coler plots of the calculated target
radiances in the target plane without and with smoke

respectively.
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Fig 7: Surface relief plot across the same targets in the presence of :
smoke at the target plane l
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CROSS SECTION OF TARGET RADIANCES
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Fig 8: A cross section of target and background radiances alorg

a single horizontal scan. Curve 1 represents values with
a clear medium & curve 2 with smoke at the target plane.
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C) Calculations:

Values for the contrast trars-1ttarce cf tre

varijous targets can be calculated from a lire coar ¢ ¢re

P .

cross sectron of the targets &a~C bLacegrour @ av <1 . r
fig.8. The signal to norse ratic ter o Tar o e
this particular reccrcine a 17 e |- :
enouch for analysiys purpcoes, ¢ e oo . .
there exi1sts tre poseri v, o . o .
"scans anc ‘thereby ODLaIr arm aver:.e reirece ® 0 o s e
the target racirances.

Table 1 contains rurerical <Aty Zer we: *r_ ° 1t¢
imager. The table s divicec irtc twd Zarts, “re Liler art

-
»

gives values of the directly recorcec reac:ings e 1. of tre
3-targets ard the surrcuncing backarcund, 'erivur
Minimum,and Average values c¢f the target <urfaces are crven
in each case.

The lower part of the table represents targe* anc backgrcunc
radiances 1n the target plane in units of m—watt/cmz/str.
These values were obtainec from the calibration and analysas
using the AGA-XT computer programme. These values allow us to
determine the intrinsic contrast of the targets.

Table 2 contains the results of contrast anc contrast
transmittance calculations accorcding to equations (1)-(3),
The coatrast values appearing uncder the coloumn titled
'

"inherent” :re obtained from the target plane radiance values

of the relevant quantities. The contrast values appearing

under the coloumns titled "clear'

and "obscured" are obtained

from using directly measured lU values.
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The results of table 2 show us that

LY

s

'n the presence of
smoke the contrast transmittance of the hot objects are

L4
LY

reduced by almost 80% of its value in the absence of smoke

-The contrast transmittance of the cold object is redyceg by

§7%.

S SAARARSF L

ﬁ: The smoke attenuation factor for the hot objects is seen to
2N

i: be acout GU.. Cn the other hend there seems to be an

A

entarce~ent for the cold object., This virtual enhancerment

-

may ce cue to the self enmission of the smoke particles “in

ot
s %
v 4

the cptical path.
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Anotmer point worth noting from table 2 is that the contrast

transmittance calculated with respect to the intrinsic

S

;5

contrast is almost the same as that calculated with respect

g
.
¥ %

to t-e clear contrast value. This would mean that for short

g ¥ %

r
‘>

path lengths one can obtain contrast transmittance values

A
¢« o @
;'J'I

direztly frorm the IU measurements.
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TABLE 1

M-S 0on finf e v e A0 oA pP 0 g% g 000 0 Bl St Sl U e e BEA R R ARl A ¢

747,

TARGETS N
— r— T :“-
MED 1UM { Left Mid ‘ Right | BACKGFOUND | UNITS 4‘1 N
: } b
CLEAR Max. | 46_7 106.7 | 106.2 | 53.7 ' "
Min.| 44_7 99.2 99.2 ! St1.7 Isothermal S
| Avg. | 45 7 1022 104.2 | 2.6 I Units ! Y
! i. g [y
OBSCURED | Max.| S1.2 | 63.2 | €2.7 | sS1.5 ! N
| Mir., S0.2 59.7 €%.2 . S0.7 j ;
! | Ava.l So.6 62.3 €1.7  S1.5 ! i
1 o {
, CLEAR | Max.! 7,83 | 12,00 | 17.92 | 9.0& | i
| L Minl | 7.54 | 16.74 0 16.74 | &.7Z :
| Ava. . 7.71 ' 17.at | 17.5% | £.&% .
i { ! ‘ ; mW/ =% /cm? :
| OBESCURED| Max.| .64 | 10.66 | 10.58 | &.81 | (
; ' ‘ Min.| 2.47 | 10.07'] 9.9 | 5.55 | |
| I VER N 10,51 | 10.41 | g &% ‘ |
l l | 1 | !
! | R , ' l
TABLE 2
CONTRAST
T I B T :
L TAREET | INHERENT | CLEAR | OESCURED |  TRANSMITTANCE b
‘ . f 1 ~-
L Left | —o.13z ! -oo121 -0 o1s | o122 | o
| (cold) : | ; 2
| md © o.wer | 0.%ez | 0.zl L 0.21% | o
| (hot | ! ; é »
O Rigkt , 0.3m0 L 00931 ¢ 0,195 L 0. zox ‘ w2
. (hot) ‘ | : ! ; o
.
R
‘.\.
-
Fig 11: Table 1 represents measured (IU) and calculated (mW/str/cm?) N
values of the tragets & background. <
Table 2 gives contrast values for the inherent, clear & ﬁ":-f
obscured cases. The last coloumn represents contrast 85
_ N
transmittance values through smoke. o
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Conclusions.,

e

In concluding this report we can state that the

A g

Y

i contrast transmittance of targets through smoke, dust, or any

a2

other degrading atmospheric condition, can be determined,

bl

A

using existing commercial thermal imagers, an IB!i=XT micro

o’ i

) . . ,

yi computer, and any image processing software. lie are now
V'

i. N

-? i going over to the next stage of the programme where

b-.: t

measurements under actual field conditiaons will be carried

Qﬁ : out. The hot and cold targets for this "WAR GANE" scenario
[
o will be of much larger dimensions, typically 2 x 3 meters in

size, and these targets will either be constructed in our
laboratory or acquired commercially. See appendix for

attached catalogues of these items,
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THERMAL CROSS PATTERN TARGET
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U.S. AESTRA CORP., NEW YORK
AESTRA G.M.B.H,, D’Gss‘:LponF

THERMAL CROSS PATTERN TARGET

PRELIMINARY DRAFT

GENERAL DESCRIPTION

For simulation of various thermal targets in battle
ficld environment n oppostton o thermal vivwer
and systems

TECHNICAL DATA

Dimensions 240X 2140¢m

Thermal signature dimensions 240 x 240 ¢m ac
{240 x 3206 cm)

spatial thermal signature 08 single elemets
{ 24 x 32 hrated spaces)

Weght According to the number of single heated
spaces regquered 4 to T kg

Operating bnvironment For field us¢ portable
weather resistant

TECHNICAL DESCRIPTION

« The thermal Cross pattern target s made of ~68
single heated clements that ¢an form any pauemn
or thermal spatial signature with 8 respective
temperature levels

~ The thermal cross pattern target can he operated
with 2 miLtoprocessor with controls 32 hixed
programmed patterns or with a prrsondl

computer which can form unlunted number of
patterns

y

» The thermal Cross pattern taepe

wide range of sufl\\l?urc u:dl.ilr:f: r(ut-(:u‘ b 2
guarantee the comprehensive use d"(?:cl:ﬂtm
The size and scequence of the single hc:u»;j
elements of the thermul cross patieen target can
be vary according 1o any requirements and “
demands. ‘
The thermal Cross pattern arget resist, (o great
extend. temperature fluctuition over (vhc Cruss
pattern target arcd. caused byvinfluences of wind
rann, with the md of two sided insolation lavers

« The thermal cross pattern target can be operated

using different npes of power sources. such as
batteries or transtormer

« The thermal crass pattern target can be made to

operate according to any other power
sprafications and requirements

» The thermal (ross pattern targeiis vasy to

transport It folds into the size of 13 x 308 120
cm

« The thermual Cross pattern Lrgebis cisy o install

It is wed ta a ight frame

« The thermul cross pattern targets hght smce it

is made mosth ot toil
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MULTISPECTRAL CAMOUFLAGE
MARKETING DIVISION
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EXAMPLE OF THERMAL CROSS PATTERNS
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EXAMPLES OF DIFFERENTIAL CROSS PATTERN IMAGE TARGET
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TERMAL GUIDANCE TARGET
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U.S. AESTRA CORP., NEW YORK
AESTRA G.M.B.H., DUSSELDORF

THERMAL GUIDANCE TARGET

PRELIMINARY DRAFT

GENERAL DESCRIPTION

For training operators for infra red systems in battle
field environment.

TECHNICAL DATA

Dimensions: 240 x 240 cm.

Thermal signature dimensions: 230 x 230 cm.
Spatial thermal signature: 3.5 pairs of lines.
Weight: approximatively 4 kg.

Operating environment: for field use. portable and
weather resistant.

TECHNICAL DESCRIPTION:

= The thermal guidance target satisfies the Johnson
Criterion for the identification of an armor tank
with the use of vertical line structure with four
electrically heated lines and three passive lines.

» The thermal guidance target has a special
temperature regulator that can regulate
temperature contrasts from O kelvin to 30
kelvin. Top temperature recommended is 90
degrees celsius. Irreversible damage to the
weather resistance material and structure will
occur at temperatures higher than 90 degrees
celsuis.

The thermal guidance target resist, to great
extend, temperature fluctuations over the beam
target arca, caused by influences of wind and rain,
with the aid of two sided insolation lavers.

The thermal guidance target can be operated
using different types of power sources, such as
batteries or transformer.

The thermal guidance target comes witha
primary regulated step down transformer O to
230 volt and a secondary transformer 0 to 42 volt
and conforms to the VDI safery regulations.

The thermal guidance target can be made to
operate according to any other power
specifications and requirements.

The thermal guidance target is very easy to
transport. It dolds into the size of 15 x 30 x 120
cm.

The thermal guidance target is very easy to
install. It is tied to a flight frame.

The thermal guidance target is light. Since it is
made mostiy of foil.
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EXAMPLES OF THERMAL IMAGES:
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CONTRACT NO. DAJA45-86-C-0045 SEPTEMBER 1987

THIRD INTERIM REPORT

Development and Validation of Transmission
Measurements Techniques of Image Contrast,

Utilizing Existing IR Imagers
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This interim report summarizes the work done in the third stage of
the contract period. The objective was to perform a field test

of HOT and COLD IR Targets with existing AGEMA 780 thermal Imager.

Two COLD targets of dimensions 3.5m X 3.5m were built using reflective
thermal blankets. By placing the reflective targets at an angle of
450, to the zenith, one can obtain very strong negative contrast
(typically 30°¢ below background). The optical properties of the
reflective thermal blenkets in the 8-12 micron region are included

in this report.

The HOT target used is a commercial product from AESTRA having
dimensions of 2.3 X 2.3m. They can be maintained at a temperture
of 60° above ambient. The details of the hot target as described

by the company catalog are also included in this report.

In the month of October 1987, we plan to carry out contrast experiments
using the above mentioned hot and cold targets. The target-camera
distance will be of the order of hundredsof meter and the thermal
images will be recorded with and without white smoke screen.

In order to get meaningful results, the target should occupy at

least three pixels and cousequently with an IFOV of O0.5mnrd, the

maximum distance to the target will be limited to about 2Km.
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ELECTRO - OPTICS RESEARCH CENTER
TECHNION-ISRAEL INSTITUTE OF TECHNOLOGY
HAIFA, 32000, 1SRAEL

Reflectance Measurements

Date: ©08-06-87

Customer: TAMBUR

TECHNION sample no.: 1565/1
Customer sample no.: TERMAL BLANKET

RESULTS FOR SAMPLE: TERMAL BLANKET

o e £ F TV Y v W WR VW veEmEESeTe R ¥V FES TN

Wavelength Reflectance
(Microns) (Percent)
7 83
7.5 81
8 79
8.5 80
9 80
9.5 81
10 82
10.5 80
11 80
11.5 86
12 90
CFEREENTSCE
189 L ;
90 - i i _ . r .....
se | L
€6 K f % ot
59 i ! ; K ’ i F.
40 : ‘
e | :
20 : :
10 Lo ¢
e 1 3 s 7 ’ 11 13

MAVELENGTH (MICRONS)

L)

THE RESULTS ARE ACCURATE TO WITHIN +-2% ABSOLUTE REFLECTANCE
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THERMAL GUIDANCE TARGET

PRELIMINARY DRAFT

GENERAL DESCRIPTION

For training operators for infra red systems in battle
ficld environment.

TECHNICAL DATA

Dimensions: 240 x 240 cm.

Thermal signature dimensions: 230 x 230 ¢m.
Spatial thermal signature: 3.5 pairs of lines.
Weight: approximatively 4 kg.

Operating environment: for field use, portable and
weather resistant.

TECHNICAL DESCRIPTION:

* The thermal guidance target satisfies the Johnson
Criterion for the identification of an armor tank
with the use of vertical line structure with four
clectrically heated lines and three passive lines.

» The thermal guidance target has a special
temperature regulator that can regulate
temperature contrasts from 0 kelvin to 30
kelvin Top temperature recommended is 90
degrees celsius Irreversible damage to the
weather resistance material and structure will
occur at temperatures higher than 90 degrees
celsuis.

The thermal guidance target resist, to great
extend, temperature fluctuations over the beam
targct arca, caused by influences of wind and rain,
with the aid of two sided insolation layers.

The thermal guidance target can be operated
using different types of power sources, such as
battcries or transformer.

The thermal guidance target comes with a
primary regulated step down transformer O to
230 volt and a secondary transformer 0 to 42 volt
and conforms to the VDI safety regulations.

The thermal guidance target can be made to
opcrate according to any other power
specifications and requirements.

The thermal guidance target is very easy to
transport. It dolds into the size of 15 x 30 x 120
cm.

The thermal guidance target is very easy to
install Itis tied to aflight frame.

The thermal guidance targetis light. Since it is ®
made mostly of foil AN
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