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ABSTRACT

Hel.S.A.C.E. {Helicopter Infrared Si-
gnature and Countermeasure Evalua-
tion) program is an experimental pro-
cedure to investigate infrared signa-
ture from & static or flying helicop-
ter and to evaluate it in some defined
range.

Results are available in pictures.

The pictures consist of mosaics of 128
by 112 elements.

The effective radiance and temperature
of each element {of the target) is de-
picted by a 3 digit number.

Images are displayed on a high resolu-
tian colour monitor and a sophistica-
ted computer program software allows
t0 increase the detail of information.

Results are then processed and quanti-
fied to select proper technigues and
materials to reduce the intrared si-
gnature down to predefined thresholds.
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1. INTRGBUCTION

H.1.5.4.C.E. {Helicopter Infrared S5i-
gnature And Countermeasure Evaluationj]
is a theorethical-experimental techni-
que to avaluyate qualitatively and
quantitatively the infrarad signature
of an helicopter.

This technigue.permits to evaluate and
quantify means of infrared suppression
once the threshalds of maximum allow-
able signature are defined.

Such a tachpnique was utilized to ava-
luate the signature and infrared
countermeasures of an A8 412 helicop-
ter (Fig.l-1). i{nterim results are re-
nerted and illustrated on the follo-
wing pages.

2. EMGINE AND ITS INSTALLATION

Ta better understand the way of measu-
rements and to appreciate the results
it is useful to describe briefly the
main Tfeatures of the AB 412 opower
plant and i%ts installation. The pawer
plant 1s a PRATT-WHITNEY PT6T-38 THIN-
-PACK delivering 1875 CV.

The gngine outlets are paraliel o the
tail axis and the o0il radiatars are
located just behind them.

In this idinstallation it is necessary
to pay particular atientian.to_the ro-
tor-wash phenomenum whosa affact is to
deviate the hot exhaust gases down-
wards with the consequence that ther-
mal characteristics aof the nelicopter
are modified.

It is assential to know aither the po-
Wer the angine can supply and the type
of its installation because 2 portion
af the power will be converted into
infrared e2nergy and this portion will
be the @main responsible of the infra-
red signature {(Fig.2-1).

However, bhesides the above mentioned
autoemission, other phenomena are re-
sponsible for thne infrared signature:
the most important being the reflac-
tions on the helicopter surfaces of

autoemitted energy and external
ces anergy.

SQuUre-

3. INFRARED SIGNATURE

3.1 Measuring [astruments

In order %to measure the infrared si-
gnature we used the fallowing instru-
mants:

1) A calibratad radicmeter
2) A spectroradiometar

With the radiometar {1t is possible to
sbtain punctual spatial informations
an the intagrail signaturs {within the
spectral rssponse band of the radicme-
ter) while the spectroradiometer can
achieve spatial information (with re-
gard to the Instantaneous Field Of
Yiew of the instrument) on the spec-
tral and integral infrared signature.

Results, calibration and data 2z2labora-
tion techniques will bhe shown with rs-
ference to the 7irst instrument only.

shows a {low chart resuming

1=1
JALCLE. proceadure.

3.2 Absoluta Calibration of the Radia=-
matear

The calibration -procedurs developed
was meant to establish the relation-
ship bDetween incident infrared =enerqgy
and ocutput signal.

Such a r=latienship was parametarized
by using proper parametars of the in-
struments.

Using this relationsnip it is vary
easy to appreciata the infrarsd znergy
emitted by the target having as inputs
the peculiar parametars of the instru-
ment {such as F/n, Thermal Lavel,
Thaermal Range) and the distance bet-
ween the radiometer and the target.

5-2



2.3 Ancillary Measurements: & 9,7a,Tm

- Emissivity €

The surface emissivity value was
obtained by wusing proper dinstru-
mentations in our infrared labora-
tory. We compared the spectral
energy emitted by a reference
source (black body) and that emit-
ted by a sample of targei material.

As the emissivity is a function of
various quantities (wavelength,
angle, temperature and polariza-
tion) it is necessary that every
single parameter {15 investiigated
{Fig.3.3-1).

- Reflectance O

The directional refiectance values
may be extracted from emissivity
data by using the following formu-
Tas Q4 = 1 - &4

- Atmospherical transmittance Ta

The atmospherical transmittance
was obtained by using the computer
program LOWTRAN 5 and with an ex-
perimental set-up; a2 black body
was positioned near the target
source and then its spectral ra-
diance measured and compared with
that wunaffected by atmospherical
absoerption.

- Material transmittance Tm

The transmittance of matarial
{helicopter window) was obtained
by comparing the energy incident
on the sample and the energy emit-
ted {by the window).

3.4 Errars

We have now to deal with the accuracy
of the measurements. The infrared si-
gnature was evaluated with a 8-10% ac-
curacy, this is due to the operating
characteristics of the radiometer as
well as to spectral changes of emissi-
vity with temperature, angle and tran-
smittance with atmospherical condi~
tions.

4. DATA PROCESSING

4,1 Quantitative Thermal Image Proces-

sing

To obtain the infrared signature, the
infrared images once recorded on ma-
gnetic tape are processed (infrared
calibrated data) with proper computer
programs empioying the absolute cali-
bration values previousliy obtained .

Data on surface temperature may be ob-
tained from infrared c¢alibrated data
by using the value of local emissivity
and inverting Planck‘s formula with
the ajid of the computer.

4,2 Qualitative Thermal

s1ing

Image Proces-

We managed to represent these images
in different forms.

- symbolic representation employing
up to ten alphanumeri¢ symbols to
show isothermal and/or isoradiant
areas (Fig.4.2-1).

- toloured or grey representation:
this gives an higher resolution of
the punctual information of the
radiometer (Figs.4.2-2, -3 and -4),

This resolution is up to 256 co-
lour tones enabling us to have mo-
re information on the behaviogur of
the emitted infrared radiation
and/or on the isothermal turves of
some details,

4.2.1 Hardware Instruments

In order to visualize thermal 1images
we used a coloured monitor raster-scan
terminal. It is an assembied set built
by different films, with different
characteristics but with a common
structure baseline comsisting of an
Image Memory (I.M.), an output monitor
and a Video Interface (V.I.).

The 1.M. is a matrix of elements on a
square grid, each of them is a digital
pixel.



The number of these pixels may vary
from a minimum of 286 x 2586 up ta a
maximum of 1024 x 10324, Every elament
as above mentioned is-a digital infor-
matien, i.e. 1%t may vary frem 0 ¢ta
(27 - 1), if we assume I.M. as a3 set
of matrices; of 2 singie hit, “n* is
the number of such matrices, alse
callad memory surfaces.

Usually this Xind aof assembly allows
to add other memory surfaces up to a
maximum. V.I. 1is an interface that
reads numerical data frem I.M., and
drives the monitor through a2 0.A. con-
vertar.

V.I. also drives a wired logic with
which it is possible to relay the D.A.
convertar.

it is esasy to connect a grey-tone sca-
le to the 1.4. numerical valuyes accor-
ding to a Ulinear logarithmic or any
other kind of law.

4.2.2 Software Instruments

Qata procassing was made through CIPS
system (Conversational [mage Praoces-
sing System) designed and developed in
CNUCE (An Institute of National Coun-
¢il of Resaarch).

Such a system allows to process ftsra-
tive numerical matrices and has a com-
puter program library.

The main charactaristics of %the C(IPS
systam are;

1} Efficiency, in processing data:
sase in recalling and elaborating
data and results imaging.

2} Ease in adding new functions to
best help the jast user.

3) ?Procassad data safety preventing
loss of informatiaon due to erro-
negus aperation,

4) Ease of aperation.
To obtain the abogve fzatures, series

of computer programs dealing with ser-
vice mathemathycal, statisticatl and

geometrical functiens were developed.

5. SUPPRESSION CHILOSOPHIES

In order to vary %the infrared signatu-
re autoemittad by a solid source we
may;

a) VYary its temperature
1- —— T
b) Vary its amissivity
£ —-¢
¢) VYary the angle of amission

(G @a’;—:@

d) Shiald it

(3rEa @1}:);@

2} Vary its thermal nropertias

The ways te obtain the above <condi-
tions a), B), ¢}, d) and e) are:

1) Film caoling of haot mebtal parts.
This point s a particular means
af suppression that we' 1l not
treat here,

2) Mechanical or chemical treatments

3) Coatings

4) Paints

7.5-4



5)

6)

Let's

Insulation

Shields

examine one by one except the

first one:

z)

4)

treatment §t is
surface geo-

With a mechanical
possiblie to vary the

metry achieving the contrel in the
direction of emitted or absorbed
radiation. By combining mechani-

cal and chemical treaiments we may
ebtaimn a quantitative directional
control! upon the emitted (auto-
emitted and reflected) energy.

These kinds of treatment may be
difficult and expensive to obtain
but they are very effective and
almost uninfluential on the weight
of the_emitter.

With proper coatings we may obtain
the bpest results on +the control
of &, O {apparent temperature)
and alse on the actual temperature.

These coatings may be easy to ap-
ply, have good mechanical charac-
teristics and remain stable at
high temperatures in different at-
mospherical conditions too.
There 1is no influence on weight
while they are cheap.

the directional
can be good but

The efficiency 1in
control of ¢ and €
not so deep as 2).

Paints are particeularly recommen-
ded fo control the dnfrared signa-
ture in ambient conditions.

Their use is suggested when trying
to contro]l the visible range.

As well, it is infact possible to
obtain very high emissivity values
{ &= 0.9} mantaining good charac-
teristics in the vyisible range.

suffer from thermal
U.¥. and atmospheri-
but usually the de-

These paints
degradation,
cal pollution

§)

The

specific weight material

1)
2)
3)

4)

" 7.5-5

_ments

gradatien is limited to their
tical absorption coefficient.

op-

Insulation %5 used when wishing to
avoid heat transfer.

By insulatine a surface, with
small thickness of thermal
shields, it 1is possible to lower
its temperature and hence the
quantity of infrared emitted ener-
ay.

Adding this technology to the

others such as:
1)7Coa£1hgs
2) Paints

3)Mechanical and chemical treat-

we may lower both the emitted and
reflected energy.

The efficiency of the treatment is
very high, often guite easy to
apply, cheap and light weighted.

For high temperatures we may sug-
gest idinsulation as this does not
create any thermal degradation
probiems.

care that
exposed to

You have only to take
the inswlation is not
exhaust gas pollution.,

The shielding of hot surface s
the surest and cheapest way to ob-
tain a good suppression of dnfra-
red radiation and/or to control

the direction of the emission.

built with
such as:

shielding c¢an be Tow

Light alloys
Various plastic materials
Rubber

materials

Syntetic materials



and even with high specific weight ma-

terials such 2s:

1) Stes]

2) Cooper alloys

This kind of c¢hoicsz is dus %o their
particular mechanical and chemical-
-physical characteristics.

The shielding may indeed be a combina-

tien of various materials sa as to im-
prove the infrared suppression effi-
ciency.

The «choice of the Xxind of infrared
suppressor is dictatsd hoth by custo-
mer requirements and by the aircraft
installation intarface.
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