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Abstract - On the modern battlefield, protection from the enem I1l. RESULTS
surveillance is vital for the survivability of the force. The

beginning of the XXI century has made surveillancdéy means of 1 : .
thermal devices an advanced solution to the searcty, CIPS MTL " (Fig. 1) includes the combat hat (Garrison),

identification and recognition of heat sources, ifading even COMbat underwear (Level 2), Gore-Tex jacket, congbaes

people. (cold weather) for the upper body; and combat umder

The research has been made in order to define the gection  (Level 1), combat underwear (Level 2), combat tevssand

level of the Combat Individual Protection System (@PS) of the ~M9-combat boots for the lower body. During the ekpent,

Latvian Army from the thermal infrared (TIR) detector s. Eleven the face has not been covered by any of the MEluded in

different CIPS combinations have been used in the eather CIPS; thus, on the TIR image the face is shownwkite area

conditions of the experiment. The methodology of thefield in a corresponding polarization. In the first condiion of
evaluation has been established, and special desigothing CIPS MTL, the most shielded part of the body isolethe
system for the sniper and recon units as well as rfothe waist to the Gore-Tex jacket bottom edge that covbe
camouflage in the snowy terrain has been identifiedased on the |ymbar region. The qualitative shielding of thisearis

SNIPER/RECON-system into CIPS has been suggested. Thein pockets and pocket flaps, as well as with theerimg of

developed field trial methodology of the TIR protecion quality CIPS MTL forming the uppér and lower body in thiea

definition can be applied to _further research on tlga visual (VIS) Long sleeve shirt of combat underwear (Level 2)riayss the
and near infrared (NIR) quality of the combat clothing systems. boxer shorts of combat underwear (Level 1) andpéets of
Keywords — CIPS, camouflage, protection, thermal infrared, . .

IR, TIR, combat clothing, electromagnetic spectrum combat underwear (_Leyel 2); Qore-Tex ja(;ket_ovgldipe
combat trousers. A similar layering mechanism snsi@& the
areas of the body, where certain MTLs of CIPS, whdo not

|. INTRODUCTION overlap, form overlapping by "free fall" in one MTIFor

f example, such areas are calf areas above the asatell as

. : . the forearms above the palms. Contrary to the above
thermal infrared (TIR) camouflage protection qualktf the mentioned areas, where there is no layering, aac tis only

combat individual protection system (CIPS) in orttedefine 1o small number of layers and layers fit closthiobody, the
the actual level of the TIR protection of the CIRS,well as T|r shielding is worse, thus the TIR protectionwisrse. For
suggest clothing system solutions to increase theahlevel example, on the TIR image Gore-Tex jacket pull cisd
of the TIR protection. CIPS is developed accordiagthe clearly visible on the waist, which tightens theket and

To assess TIR protection quality, the first coraliipn of

Research has been conducted on the evaluation eo

State Defence concept of the Republic of Latvia [1] presses it to the combat underwear (Level 2), abttie heat
is transferred to the pull cord, which is preserigda thermal
Il. MATERIALS AND METHODS observation device. A similar mechanism has alsenbe

observed in the palm area, shielded only by congtates
(cold weather), combat hat (garrison), where thera close
contact with the head, M9-combat boots, wheredhed press

For the evaluation, general methodology has beelieap
according to STANAG 2138 PCS “Troop Trial Principlend

Procedures — Combat Clothing and Personal Equignii2ht the side of the boot to the foot surface.

E_Ieven combinations have been evaluated at <_j|ffere To assess TIR protection quality, the secondiipation of
distances (30 m, 130 m, 276 m and 426 m) and ifjunotion  ¢|ps MTL includes the combat hat (a beret, garjiscombat
with sleeping bags — 5 m. Weather conditions of Zda yngerwear (Level 3), Gore-Tex combat jacket, SNOMHgat
military camp training outdoor area, Echo sectocleudy, jacket, combat gloves (cold weather) for the uppsay; and
rainy and wet snow, air temperature +2°C to +4%@thwvest combat underwear (Level 1), combat underwear (LS)el
wind 7-14 m/sec. combat trousers, SNOW-combat pants and M9-combatsbo
TIR reflectance has been measured by Dual Chanifor the lower body. During the experiment, the fd@s not
Day/Night Thermal Binocular with Geo-location RecB2- been covered by any of the MTL included in CIPSisthon
FO. Level of the TIR protection quality has beelteiated by the TIR image the face is shown as a white areaa in
using newly developed method of the calculatiorasref the ~corresponding polarization. In the second combamatdf

different colour rectangles representing the admal of the CIPS MTL, virtually the whole body is relativelydii-quality
TIR reflectance. shielded, except for the area under the SNOW-coIjeicket

1 MTL — material (separately garment)
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bottom edge. As noted in the case of the first doatlon of
MTL CIPS, similar layering in the hip area formsttee TIR
shielding also for the second combination of CIPSLM

weather) for the upper body; and combat underwezarg] 1),

combat underwear (Level 2), combat trousers andct@ibat
boots for the lower body. During the experimehg face has

SNOW-combat jacket and SNOW-combat trousers aret been covered by any of the MTL included in CIB& the

designed as "free-falling” CIPS MTL, which similés the
first combination of CIPS MTL provide better shielg and
better TIR protection. In the palm area, shieldety dy the
combat gloves (cold weather), TIR protection is lofv
quality. Similarly, the reduced quality of TIR peation has
been detected in the combat hat (beret, garrisem@re there
is a close contact with the head, in M9-combat §oathere
the laces press the side of the boot to the fathce

To assess TIR protection quality, the third corabon of
CIPS MTL includes the combat cap (cold weather)nicat
underwear (Level 2), combat underwear (Level 3)reGex
jacket, combat gloves (cold weather) for the uppezdy; and
combat underwear (Level 1), combat underwear (Led)el
Gore-Tex-combat trousers and M9-combat boots tlalver
body. During the experiment, the face has not =amered
by any of the MTL included in CIPS; thus, on théRTimage

soldier has had corrective eye glasses shown ohlthémage
as the dark area in the eye area. Thus, it has d@sriuded
that the glasses can provide TIR shielding. OnTitie image,
the face is shown as the white area in the poldoizaln the
fifth combination of CIPS MTL, the most shieldedripaf the
body is below the waist to the SNUGPAK-combat jacke
bottom edge that covers the lumbar region The @iz
shielding of this area is associated with the leygeof CIPS
MTL forming the upper and lower body in this aréang
sleeve shirt of combat underwear (Level 3) overldgsboxer
shorts of combat underwear (Level 1) and the tnsusd
combat underwear (Level 2); the SNUGPAK-combat ¢ack
overlaps the combat trousers. In addition, moren thamm
thick SNUGPAK-combat jacket is a qualitative adutitito the
TIR shielding, except for the zipper area; this akso
confirmed by the TIR image: a blue vertical line the other

the face is shown as a white area in a correspgndidark blue background. SNUGPAK-combat jacket zipper
polarization. Combat underwear (Level 3) of therdhi structure covers the strip of fabric that makesadter surface

combination increases the quality of protectiontred upper

of the jacket without an insulation layer, as ia jhAcket. Thus,

body compared to the combination, where non-combitis possible to assume that there is some cdioaldetween

underwear (Level 3) is used, see. Fig. 1. Similarthe
previous combination, in the palm area, shieldely by the
combat gloves (cold weather), TIR protection is lofv
quality. Similarly, the reduced quality of TIR peation has
been detected in the combat hat (cold weather) dfd
combat boots, where the laces press the side dfdbeto the
foot surface.

To assess TIR protection quality, the fourth camabion of

MTL CIPS forming fabric package thickness and TIR
shielding effectiveness. Similar to the previousnbmation,
in the palm area, shielded only by the combatnfittgloves
(cold weather), TIR protection is of low qualityin$larly, the
reduced quality of TIR protection has been detedtgdhe
combat hat (cold weather) and M9-combat boots, atibe
laces press Institute of Textile Materials Techgae and
Design the side of the boot to the foot surfadmil8r to the

CIPS MTL (see Fig. 1) includes the combat cap (colfith combination, the sixth combination of CIPS jest

weather), combat underwear (Level 2), combat ja¢ketd
weather), combat gloves (cold weather) for the uppumly;
and combat underwear (Level 1), combat underwesvgl 2),
combat trousers and M9-combat boots for the lowadyb
During the experiment, the face has not been cdvieyeany
of the MTL included in CIPS; thus, on the TIR image face
is shown as a white area in a corresponding pal@oiz. In
the fourth combination of CIPS MTL, the most shexldpart
of the body is below the waist to the combat jac{cstld
weather) bottom edge that covers the lumbar regidre
gualitative shielding of this area is associatethwhe layering
of CIPS MTL forming the upper and lower body instlirea.
Long sleeve shirt of combat underwear (Level 2)riayes the
boxer shorts of combat underwear (Level 1) andttbesers
of combat underwear (Level 2); the combat jacketldc
weather) overlaps the combat trousers. In additimancombat
jacket (cold weather) in this area of the bodyl@se to the
body. In a similar way, the combat trousers oveiilaghe
ankle area achieving the qualitative TIR protecti®milar to
the previous combination, in the palm area, shikldg the
combat fitting gloves (cold weather), TIR proteatis of low
quality. Similarly, the reduced quality of TIR peation has
been detected in the combat hat (cold weather) dfd
combat boots, where the laces press the side dfdbeto the
foot surface.

To assess TIR protection quality, the fifth conathion of

updated with the battle jacket (cold weather) amdnlzat
underwear (Level 3) for the lower body. It shoulé b
mentioned that it is possible to shield the palmiscbmbat
gloves (cold weather) with SNUGPAK combat jacketeske
bottom edge, where the hole is made for the thumb.

To assess TIR protection quality, the seventh coation
of CIPS MTL (see Fig. 1) includes the combat capldc
weather), combat underwear (Level 1), combat undarw
(Level 3), CBRN-combat jacket, combat gloves (cohther)
for the upper body; and combat underwear (Levetambat
underwear (Level 2), combat trousers, CBRN-comtmatsers
and M9-combat boots for the lower body. CBRN-gasknis
shown on the TIR image as a dark area in the faieh.
Thus, it is concluded that the CBRN-contained Hriegt
apparatus may provide TIR shielding. In generad, ghventh
combination, which includes the CBRN-combat jacket
CBRN-combat trousers, provides low-quality TIR ddiieg.
Similar to the previous combination, in the palraarshielded
by the combat gloves (cold weather), TIR protect®of low
quality. Similarly, the reduced quality of TIR peation has
been detected in the combat hat (cold weather) idfd
combat boots, where the laces press the side dfdbeto the
foot surface.

To assess TIR protection quality, the eighth comtimn of
CIPS MTL (see Fig. 1) includes the combat cap (ewmather),
the combat shemagh scarf, combat underwear (L¢vebBbat

CIPS MTL (see Fig. 1) includes the combat cap (colgcket (cold weather), combat jacket, combat gloyesid
weather), combat underwear (Level 2), combat undarw weather) for the upper body; and combat underwleave{ 1),
(Level 3), SNUGPAK-combat jacket, combat glovesidco combat trousers and M9-combat boots for the lowadyb
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Attention is drawn to the combat shemagh scarffesteve
shielding. TIR image clearly shows that only thembat
shemagh has the contrast colour from light blugatd blue in
comparison with the same contrast colour of sevesars of
CIPS MTL, as well as differs from the contrast eolof the
combat hat (cold weather). Besides, the combaf swarlaps
other CIPS MTL layers in the chest area; the TIRgmshows
that the contrast colour coincides with the comtrzdour of
ambient background, which indicates the high quadit the
TIR protection.

Similar to the previous combination, in the palnvgle
(cold weather), the quality of TIR protection shiedl by the

reduced TIR quality protection is detected for tloenbat hat
(cold weather).

In M9-combat boots, where the boot laces pressap#ie
side of the foot, the quality of TIR protectionl@sv, and the
quality of the TIR combat gloves is low. Similar tbe
previous cases, TIR qualitative shielding has tastected in
the combat jacket bottom edge, where CIPS MTL dtoestt
layers from the upper and lower body overlap. Ailsim
mechanism of TIR qualitative shielding has beemébin the
shin area.

To assess TIR protection quality, the eleventh doatlon
of CIPS MTL (see Fig. 1) includes the combat capldc

combat is low. Similarly, the reduced quality of RTI
protection has been detected in the combat hadl (gehther)
and M9-combat boots, where the laces press thedidiee
boot to the foot surface. Similar to the previoaseas, TIR
gualitative shielding has been detected in the @tnpcket
bottom edge, where CIPS MTL constituent layers friva

weather), combat helmet, combat shemagh, shawlbabm
underwear (Level 1), combat underwear (Level 1l)nlcat
jacket, RECON/SNIPER-combat jacket, bulletproof tyes
combat harness vest, combat gloves (cold weatloerhie
upper body; and combat underwear (Level 1), combat
trousers, RECON/SNIPER-combat trousers and M9-comba

upper and lower body overlap. A similar mechanishT kiR
gualitative shielding has been found in the sheaar
To assess TIR protection quality, the ninth comtxamaof

boots for the lower body. Besides, CIPS MTL conakion

has been masked by the soil and vegetation comfsnen

characteristic of the area; the TIR image showigh fuality

CIPS MTL (see Fig. 1) includes the combat cap (colttvel of TIR protection. The parts of the body weed by

weather), combat full face mask, combat underweevd| 3),
combat jacket (cold weather), SMOCK-combat jackembat

soil and vegetation components have a sufficiealityulevel
of TIR protection. RECON/SNIPER combat trousergeéase

gloves (cold weather) for the upper body; and cdmbéhe quality of the TIR protection for the lower lyod\ttention
underwear (Level 1), combat underwear (Level 2)nlcat has to be drawn to the high TIR shielding qualify tioe
trousers, SNUGPAK-combat semi-overalls and M9-cambaombat helmet; the head, which is not covered byhimet,

boots for the lower body. SNUGPAK-combat semi-allsr
provide effective shielding in TIR CIPS MTL. TIR age
clearly shows that the contrast colour is lightebta dark blue
just the same as SNUGPAK-combat overalls, comptrede
same contrast colours of several layers of CIPS Miimilar
to the previous combination, in the palm area deiglby the
combat gloves (cold weather), the quality of TIRtpction is
low. Similarly, the reduced quality of TIR protemti has been
detected in the combat hat (cold weather) and cofubdace
bandage, because the shemagh fits close to theameciaw
areas. In M9-combat boots, where the boot lacesspgainst
the side of the foot, the TIR surface quality i®pdimilar to
the previous cases, TIR qualitative shielding heenbdetected

is marked as a white area on the TIR image. Cosiianagh
represents the necessary quality level of TIR ptade. In
M9-combat boots, where the boot laces press agtiestide
of the foot, the TIR surface quality is poor. Samilto the
previous cases, TIR qualitative shielding has taetected in

RECON/SNIPER combat jacket bottom edge, where CIPS

MTL constituent layers from the upper and lower Yod
overlap. A similar mechanism of TIR qualitative edding has
been found in the shin area.

TIR protection quality has been evaluated using the

obtained contrast coloured areas, which are dividexmore
typical rectangular areas. Coloured regions of tHe image
have been evaluated as follows: purple, dark blieuc —

in the combat jacket bottom edge, where CIPS MTperfect TIR protection, blue and green — good Ti&egxtion,

constituent layers from the upper and lower bodgriayp. A

similar mechanism of TIR qualitative shielding hbsen
found in the shin area. TIR image clearly showskgac
structural elements, such as four external pocketsich

provide additional TIR shielding.

To assess TIR protection quality, the tenth contimnaof

green — TIR satisfactorily protection, yellow anddr—
unsatisfactorily, uncovered areas of the body [facdisted
separately. TIR common defence area is formed &ptim of
of contrast coloured areas, including uncoveredspaf the
body. The TIR adequate protection is consideredbeothe
colour regions, which have obtained excellent, gceodi

CIPS MTL (see Fig. 1) includes the combat cap (coldatisfactory evaluation of the sum of their ardd® indicator

weather), Tref-combat hat full face buff, combaderwear
(Level 1), combat jacket (cold weather), combatkgdc
combat gloves (cold weather) and sleeping bag padhie

of the final analysis is the ratio of appropriatéRTprotection
colour area to the sum of all areas (Fig. 2). Apontant role
in the TIR protection is played by CIPS MTL constive

upper body; and combat underwear (Level 1), combablutions. The second and eleventh combinatione hahigh

underwear (Level 2), combat trousers and M9-confoaits
for the lower body. Attention is drawn to the |lawality of
the TIR shielding for Tref-combat hat full face bufrIR
image clearly shows that the bandage keeps theasbnthite
colour, similar to the uncovered face. TIR imageady shows
that the bandage keeps the contrast white colbarsame as
the uncovered face. On the TIR image, the contalsiur of a
sleeping bag pad, hold by a soldier, coincides thighcontrast
colour of the environment, which indicates the higlality of
the TIR protection. Similar to the previous combioas, the

100

level of TIR protection since they are speciallysidaed to
provide shielding against the electromagnetic spett The
second combination is composed of snow combat jaahe
snow combat trousers. The eleventh combinatioraged on

the RECON/SNIPER combat jackets and RECON/SNIPER

combat trousers. Both combinations are based onlttleing
specially designed for the purposes of the camgefia the
visual spectrum of the electromagnetic field. Thecond
combination is specially designed to provide caramé in
the snow-covered terrain. The results of TIR pridd@care
provided in Fig. 3.
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'K protecticn polarization, as well as the results are the samed@stance of
100 30 m. On the TIR image, unshielded faces can bifd, as
w well as CIPS MTL of low-quality TIR protection, wdfi
80 5 shields the upper body for the first, fourth, sjxgeventh,
70 87 g5 eighth, tenth combinations. At a distance of 130feet are
‘;_ &0 5857 oy = additionally shielded by soil and vegetation, tlem at this
i 50 distance footprints cannot be identified on the TRge.
E 30 25
iz I 0 LRF FIRE
. i
F 11 ¥ 9 B ] 1o 5 i 1 7
CPS combination No.,

Fig. 3. TIR protection quality evaluation

Combination No.11 is combat jacket and pants or th

snipers and reconnaissance personnel. Howeveg tharot
any integrated solution to a decrease in the Tiffeaance
level. Shemagh is evaluated as CIPS element, witcvides
high-quality TIR protection. All combinations in juinction
with sleeping bags have high-quality TIR protection

CIPS combinations with a large area of the trapgiedn the
layering as well as with multiple layers have ahhligvel of
TIR protection quality.

LRF ARM 2

:1 :

(.;. LARNFRNET REY IR -I{uf'f 1 |;F'| | ItF".I [
— g ™ |

1]
A
= y 7
LRF .‘.v b ey oW s n -.i:

| Q1E
L] . & 4 = 3 i & -8 o .

] II,I_IIrl.ll.-'.lIJIIJI-I:]"!III'EI,.*H;‘Jllql Ill?q;'

LRF ARM

Cred &

|Il||ir;:||'|1||.li

LRF ARM

Fig. 4. TIR protection evaluation (distance 30 m)

At a distance of 30 m, TIR quality assessment ésgame
for each combination (see. Fig. 4) in case of diffi
polarization. In general, TIR adequate protectiaralifyy is
provided by the second, third and eleventh comlmndor the
upper and lower body, except for feet, face anddbailIR
protection quality of the fifth and sixth combirais is
provided by the CIPS MTL, which shields the uppedy
TIR protection quality of the ninth combinationappropriate

ll..‘lll-lll—

LRF FIRE

LRF FIRE

LRF FIRE

LRF FIRE

Fig. 5. TIR protection evaluation (distance 130 m)

In addition, the palms cannot be identified; thits,s
possible to evaluate TIR protection quality at efiéint
distances and in this particular case, the TIRqmtain quality
for the palms is high at a distance of 130 m ana igiven
environment. It should be emphasized that the enwmient
affects the TIR shielding; as shown on the TIR imag
surveillance is conducted under conditions where th
vegetation increases the TIR shielding. Thus, inappate
TIR protection quality provided by CIPS MTL has be
increased choosing natural shields on unit moverpetfts, as
well as individual camouflage uniform with the végiéon to
avoid the possibility of detecting the unit by thgposing side.
Certain structural elements of CIPS and MTL arepprly
used, for example, hoods (see the last line inF)ig.

At a distance of 276 m, TIR quality assessmenthéssame
for each combination (see Fig. 6) in case of déffer
polarization, as well as the results do not chaaigdistances

for the CIPS MTL, which shields the lower body. TIRgf 30 m and 130 m. The unshielded face can be ifishbn

protection quality of the eighth combination is emsl by a
combat shemagh, which can be clearly identified.

the TIR image, as well as low-quality TIR proteatids
characteristic of the lower body for the first, fdu sixth,

At a distance of 130 m, TIR quality assessmeritiéssame  geyenth, eighth, tenth combinations. At a distanic@76 m,

for each combination (see. Fig. 5) in case of diffie

102
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since soldiers are lined up on the sand hill. Dtesflie fact
that under such conditions on the TIR image foatpri
shielded by combat boots cannot be identified, et as the
palms shielded by combat gloves (cold weather) @mdbat
gloves of the tenth combination cannot be iderjfiezhich

allows evaluating the TIR protection quality at felient

distances, and in this particular case the TIRqut@in for the
palms is qualitative at a distance of 276 m anceutice given
environmental conditions.

ey T
] »

LRF FIRE

RANGE CAL

= 'l‘ .:.ll,.,,,_g....'.

Pl

Fig. 6. TIR protection evaluation (distance 276 m)

It should be emphasized that the environment afféoe
TIR shielding; as shown on the TIR image survedkars
conducted under conditions where the vegetatioreases the
TIR shielding at a distance of 130 m. As showniign B, the
eleventh combination, which includes vegetation aad,
provides protection in these circumstances, sopr@piate
TIR protection quality provided by CIPS MTL has be
increased choosing individual camouflage unifornthwihe

vegetation to avoid the possibility of detecting tmit by the |

opposing side. Certain structural elements of CiR& MTL
are properly used, for example, hoods (see thditestn Fig.
6), as well as other structural elements providditemhal TIR
protection at a distance of 276 m.

At a distance of 426 m, TIR quality assessmentéssame
for each combination (see Fig. 7) in case of défer
polarization, as well as the results do not chaatgdistances

of 30 m, 130 m, 276 m. The unshielded face cardbetified
on the TIR image, as well as low-quality TIR praiea is
characteristic of the lower body for the first, fihy sixth,
seventh, eighth, tenth combinations. At a distanicd26 m,
the soil and vegetation do not provide additiontsielsling.
Despite the fact that under such conditions onTif image
footprints shielded by combat boots cannot be itledf as
well as the palms shielded by combat gloves (cotéther)

and combat gloves of the tenth combination cannet b

identified, which allows evaluating the TIR protect quality
at different distances, and in this particular cése TIR
protection for the palms is qualitative at a disemf 426 m
and under the given environmental conditions.

It should be emphasized that the environment afféoe
TIR shielding, as shown on the TIR image surved&arns
conducted under conditions where the vegetatioreases the

TIR shielding at a distance of 130 m. The eleventh

combination, which includes vegetation and soilpvtes
protection in these circumstances, so inappropriatR

protection quality provided by CIPS MTL has to bereased
choosing individual camouflage uniform with the e&gfion
to avoid the possibility of detecting the unit thetopposing
side. Certain structural elements of CIPS and MTé& ased
properly, for example, hoods (see the last lind=ign 7), as
well as other structural elements provide additiom#R

protection at a distance of 426 m. -

LRF FIRE

Fig. 7. TIR protection evaluation 426 m
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Fig. 7 demonstrates the TIR protection quality GiPS
MTL combinations (426 m) under different polaripati At
the top of the TIR image soldiers are lined up rfgcthe
thermal observation device, and at the bottom ef TR
image the soldiers are lined up with their backthtothermal
observation device. The fifth and sixth combinagidmave
hoods with combat hats (cold weather); the firsd arcond
combinations have combat hats (garrison) and coréwts
(garrison); the eleventh combination has a helméh &
combat hat (cold weather); other combinations hewabat
hats (cold weather). TIR protection quality hasréased for
CIPS MTL head and neck areas.

CIPS MTL intended to be worn outside as much asiples
can be designed as "free-fall", since the constuMTL TIR
provides better shielding and therefore better ptBtection.
In addition, the "free-fall' CIPS MTL makes the dyo
silhouette indistinct, which in turn further incees the overall
quality of camouflage.

Fig. 8. SNUGPAK-SF-2-sleeping bag (TIR protection)

combinations provides better shielding and thugebefIR
protection, which is explained by CIPS MTL layees a
natural barrier to the effects of the heat wavednaission.
CIPS MTL with membrane fabric provides better ghiia
and better TIR protection.

Combat shemagh is another example of CIPS MTLnee"f
fall", which provides qualitative TIR protectionrféhe head
and neck areas. Besides, the combat shemagh psavidii-
layered combination for one MTL included in CIPS)da
"breaks" the silhouette of head and neck in the iamb
background, which in turn increases the overalliuaf the
camouflage in the wavelength range of 3—-12 um.ntie is
drawn to the combat shemagh and its inclusion éncitimbat
uniform since the measurements of quality insafgtivater
vapour resistance, air permeability, mechanicalgmt@n, fire
resistance have confirmed that the shemagh provichesti-
functional security, which increases the quality ©fPS.
Research shows that at small distances (up to 5thenYIR
shielding and, as a result, the TIR protection &hoboe
increased for boots, where laces press the sidkeoboot to
the foot, because the boots heat from the feet ared
detectable on the TIR image at small distances; smme
applies to the head and face. Boots are not detester long
distances (130 m, 276 m and 420 m), which is erplhiby
the fact that the soil is a natural barrier to TR wave. Head
and face are detected at all distances (50 m, 13&¥6m and
420 m). Thus, it can be concluded that the TIR footection
should be ensured for personnel, who should betddcat
small distances from the possible observation pointhe
opposing side and whose location should not be gty
disclosed. The solution could be CIPS-Mod1-SOTACS-
system [4], CIPS-Mod1-MKI-system [5], [6], [7], azell as
CIPS-Mod1-SNIP/RECON-system [8] with boot covers,
boonie hat, veil, hoods [9], which together witle thegetation
and soil provide camouflage protection for TIR pRgs
distances (see Fig. 9).

CIPS MTL with a thickness of 4 mm or more (SNUGPAK)Fig. 9. Boonie hat, veil and hood, boot covergichon a jacket

provide better shielding and better TIR protectidtig.8
shows the experiments with a sleeping bag withickiess of
more than 4 mm, in addition to CIPS MTL layers fdwon the
sleeping bag. Fig. 8 provides the results of TIRtgation
quality for CIPS MTL combinations topped with SNUGIR-

The use of soil and vegetation in CIPS MTL sigrifity
increases the camouflage quality in the TIR ranue ia the
range of 3-12 m, as well as "breaking" the bodyosiette at
all distances of the experiment. Battle hat (coleather) is

SF2-sleeping bag. SNUGPAK-SF2-sleeping bag has Cse to the head that makes sufficient thermallat®n, low
thickness of more than 4 mm, No matter what CIPELM Water vapour resistance and the qualitative indexvater
combination is used, SNUGPAK-SF2-sleeping bag iplss Vapour permeability. TIR image does not comply withR
TIR protection. For comparison, combat underweact?s quality level. The solution is to use hoods, whishalso
MTL combination (Level 2), combat trousers and camb confirmed experimentally. In addition, the solutioan be to

boots-M9 are used. CIPS within MTL multi-layerwind scarves around the head and neck. Accordingh¢o
experiment, ballistic protection of CIPS MTL (helmend
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bulletproof vest) and hitch systems (backpacks)viges
shielding and hence the TIR protection. In MTL cdsalistic
protection can be explained by many layers of dméhres
(exceeding 32), which affect
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and reflection. Thermal monitoring tools cannotused as an
instrument for CIPS MTL psychological assessmenteson
the TIR images the same contrast colours of CIP$ Myers
are observed for CIPS MTL with different physiologi
quality indices. A certain correlation is obserdastween the
contrast colours and CIPS MTL packet thicknessumnimer of
layers. Correlation is observed between the cordirad colour
tones of CIPS MTL package weight.
(1]
IV. DISCUSSION
There is no standardized procedure in NATO relevaiy
documents for the evaluation of TIR reflectance fthe
individual protection systems representing multifdgering

3
clothing systems. The developed evaluation systeyn l[)]
calculating the areas of colour rectangles canpipdiea to the "
4

further evaluation of the different clothing systemmder the
different climate conditions. Methodology is veryost
effective and can be applied by military clothingakeiators
and military personnel. CIPS combinations make Tll?s]
evaluation closer to the real combat field situagmd real use

of the garments, taking into consideration not olalyering

but also design features, compared to textile pgeka
evaluation. (6]

V. CONCLUSIONS ANDFUTURE RESEARCH

CIPS evaluation has shown the acceptable levéiofTR
protection quality, without using specially designe
camouflage suits with integrated TIR protection. siga
features of the CIPS, increasing camouflage priotedh TIR,
have been identified, and they should be implenterite
operational activities of the military personnek well as
integrated in the further upgrading of the CIPSsd&hon the
research, CIPS-Mod1-SNIPER/RECON-system has be
established. It is recommended using additionamgats to
increase TIR protection for certain parts of thelypdor the
personnel of the military reconnaissance and snipés. The
developed methodology of the field trial and cadtioin of the
coloured rectangles should be implemented in thalitgu
evaluation procedures and should be used every, tvhen
any new developed elements are to be integratedGihPS.
The methodology developed for the TIR protectioaleation
can be applied also to the evaluation of the nedelyeloped
CIPS-Mod11-LATPAT (EUROPE) [10] camouflage pattérn
visual (VIS) and near-infrared (NIR) electromagoeti
spectrum. However, calculation of the coloured apgtes
should be modified to the visual matching of thediscape at
different distances.

(7]

(8]

&h
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Igors Sitvjenkins, Iveta Abele, Ausma V]umsone, Hanna Torbicka. Kaujas individuilas aizsardabas sistmas masksaras imepa verté$ana

Pedgjos gados plaSi izp@tiSies nogroSanasitizeli, kas darbojas Wu diapazonos 3 — im un 8 — 12um jeb & saucamaj infrasarkand (termalaja)
diapazos (turpmek tekst — TIR diapazons) un paregzsiltuma avotu detekBanai un identifieSanai daddas distangs. KIAS ietilpstoSo MTL masiSaras
nowerteSanai plas elektromagstiskaj spekta vilpu diapazonos 3 —m un 8 — 12um tika veiks kontraljams lauka eksperiments ar dd#m KIAS ietilpstoSu
MTL kombinacijam atbilstoSiem #iem eksperimeatfiksetajiem laika apskliem: vieta — NBSAdazu poligons E-sektors, apaies, lietus un slapj$ sniegs,
ziemdrietumu \§j$ 7-14 m/s, gaisa tempeiied + 2°C + 4°C, diennakts gaiSais laiks. Eksperimastvaros tika veikta mas&aras kvalitites noerteSanacetras
distan@és (30 m, 130 m, 276 m un 426 m), kas atbilst ti&8aena atilumiem kdz 400 m un pieskati apvidus iesgjam, ki ai atsevi§a distance
noverté§jumam guammaisos (5 m). Eksperimentam tika sakomptekt 11 (vienpadsmit) métejiem laika apgkliem atbilstoSas KIAS MTLgerbu
kombiracijas, kas tika nairtétas iepriekS mietajos apgiklos. NowerteSanai eksperimemtir izmantota ASV komgnijas FLIR Systems Inc. teidlas
noverosanas iéce B2-FO. TIR aizsardlzas kvalisite tika nowrtéta, izmantojot iegto TIR at€la kontrasta Kisas apgabalus, dalot tos rakgigkajos taisnsiros
un nerot to laukumu. TIR atta krasu apgabaliem tika piemts &ds noertgjums: violeta, tumsi zila lisa — teicama TIR aizsaiha; gaiSi zila — laba; & —
apmierinoSa; dzeltena un sarkanaskr— neapmierinoSa aizsaitulr, neaizsegs kermaya zonas (seja) — tika uzsktas atsevi§. Kopgjais TIR aizsardibas
laukums veidojas, sunmgjot katras kiisas apgabalu laukumus, feljot ar neaizsedts kermeia zonas. Par atbilstoSu TIR aizsabdztiek uzskati krasu
apgabali, kas ieguvusi teicamu, labu un apmierinodw@rtéjumu. KofEjais nowrtejuma aditajs atbilst TIR aizsardbas kBsu apgabalu procerifajam
ipatsvaram no kajpa apgabalu laukumu summas. Noma loma TIR aizsardlza ir KIAS MTL konstrukivajam risirsjumam. Liebko TIR aizsardibas
novertgjumu ieguva 2. un 11.komtinija, kasipasi veidotas KIAS MTL masBanai plad elektromaggtiskaj spektd. 2.kombiricija veidota ar mag§aras
térpu sniegotam apvidum: kaujas jaka SNIEGS un kaljkses SNIEGS; 11.kombinija ietilpst kaujas jaka SNIPER/RECON un -kaujas Ikskse
SNIPER/RECON.

Hrops IllurBenkun, UBera Aéene, Aycma Buiawomcone, Xanna TopOuuka. OuneHka KayecTBa MacKHPOBKH 00eBOil cucTeMbl WHIAMBUAYAJIbHOIM
3aIIUTHI B CIIEKTPe HHPPAKPACHOTO TEIIOBOI0 H3/Iy4eHHs

B nocnennue rozpl MOMYYHIN PacIpOCTPAaHEHHE CPECTBA HAOMIOACHHS, ICHCTBYIOINX B MaNa30HaX JUIMH BOJIH 3-5MkM u 8-12 MKM, MM Tak Ha3bIBaEMOTO
nH(PAKPaCHOrO TEIUIOBOr0 AWAala3oHa, B aHrmmiickoil abpesmatype — TIR (thermal infrared),ins obGHapyxeHHS HCTOYHHKOB TEIIOBOTO H3ITy4CHHS,
NACHTH(OHUKALUN U PACIIO3HABAHMS X Ha PA3IMYHBIX paccTosHusIX. OLeHKa MaCKUPOBKH 60EBOi cucTeMbl HHANBUAyanbHOI 3amuthl (BCU3) B quana3zone BONH
3 — 12 |M Obuta mpoBeCHa IMyTEM KOHTPOJIMPYEMOTO IMOJICBOrO 3KCIIEPHMEHTA C pa3iu4HbIMH KoMOuHaumsamun BCHU3, noamapatoriie 1oz clieayromue
[IOTOJHBIC YCIIOBHS MecTo — HalmoHaabHbIe BOOPYXKEHHBIC CHIIbI AZlaCKuil monuron E-cextop, o6i1auHo, 10X Ak, ceBepHBIii Betep 7-14 m/cek., Temmeparypa
+2°C + 4T, nHeBHOE BpeMs CYTOK. DKCIIEPHMEHT OBbLI MPOBEACH C LEJbI0 OLICHKM KauecTBa Ha yerbipex paccrosHus 30 M, 130 M, 276 M, 426 M, yTO
COOTBETCTBYET NpsMoii pacctostaue BeicTpena a0 400 m. Ilosurms oObekTOB HaOMIOACHUS OblIa H3MECHEHA B 3aBHCHMOCTH OT BO3MOXHOCTEH OKpYKaromiei
cpenbl. Tarke Oblia NPOBEICHA OLCHKA KayecTBa CMAIbHBIX MEIIKOB HA PAcTOSHHH 10 5 M. B akcrepuMenTsl ObLM Mcmonb3oBaHbl 11 (OMHHAIIATH)
komOuHanmu BCU3. Onenka kadectBa ObLla MpPOBEAEHA C HCIOJIB30BAHHEM TEIUIOBOTO ycTpoicTBa HaOmionenus B2-FO amepukanckoit komnanuu FLIR
Systems, IncKauecTBo 3aiuThl OLEHUBAIN C IIOMOLIBIO MOJYYCHHBIX KOHTPACTHBIX M300paxkeHHs uH(pakpacHoro TerioBoro usmydenus (MTU) nperHbx
obmacreii. LiBeToBble 0OmacTH ObLIM pa3jeNcHbl HAa MPSMOYTOJbHMKM M OBLIM 3aMEpEHBbI IUIOIIAAM BCEX IBETOBBIX oOnacTeil. bpumM MpHHATHI cremyromme
onenku WMTHU nBernoe m3obpaxxeHue oOnacteil: (GUONCTOBBIH, TEMHO-CHHEro I(BeTa — OTIHYHAsS 3alUTa, CBETIO CHHHI — XOPOIIAs 3allWTa, 3eICHBIH —
YIOBJICTBOPHTENBHYIO 3aIlUTY, JKENTHIH W KPACHBII — HEYJIOBICTBOPUTEIBHYIO 3aIlUTa, OTKPHITHIC yY4ACTKU Tena (IMIO) — OBUIM MEepedrcCIICHBI OTACIBHO.
O6miee 3amura UTU dopmupyercst myTeM CyMMHpPOBAaHMS Ka)KJIOH 0OJIACTH L[BETOBOTO KOHTpAcTa B 00JACTIX, B TOM YHCIE OTKpBIThIC ydacTku Tena. UTU
aJIeKBATHOM 3aIlUTHl CUUTACTCA LBETOM OOIACTEH, KOTOphIe IOMYyYHIM OTIMYHBIC, XOPOIIME M YJOBICTBOPUTCNBHBIC ONECHKH CyMMa HX ILIOmafeil.
OxoH4aTenpHBI aHanu3 KadecTBa 3amuTbl MTHM  gBAseTcss MHPOIEHT COOTHOIICHHE CyMMBI IDIONmafeidl MOMyYHBIIMX OTJIMYHBIC, XOpOIIHE U
yIOBIICTBOPHUTEIbHBIC OLICHKU K 00IIel cymMapHOil miomaau. Baxuyto pons B UTU 3ammre npunamiexamero bCHU3 KOHCTpyKTHBHBIM perieHusM. Bricokum
kauecTBoM VITU 3ammTel 061azaloT BTOpas M OAMHAALATAs KOMOHMHAIMS CHElManbHO paspaboraH misi BCH3 MackMpoBKH IIMPOKOrO 3JIEKTPOMArHUTHOTO
crexTpa. Bropas xoMmOMHaIms mpencTaBisieT coOOH KOCTIOM A MAacKUpoBKH Ha cHexHod MectHocTH CHEI-6oesbie Oprokun m CHEI-6oeBast kypTka.
OnuHauATas KOMOHHALMA TIPEACTABIACT CO00i — cuctemy 6oeBoit omexasi CHAMITEP/PA3SBEUMK-60cerbie Gproki 1 CHAMITEP/PA3BEIUNK-6oeras
KypTKa JUIsl CHAIIepoB M pa3BelunuKOB
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