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Camouflage Technologies of Infrared Cameras
E. Ghasemi, M. Behzad Fallahpour*

Abstract

Hiding military equipment is one of the essential factors in establishing military superiority.
Nowadays, most of the military devices, from night vision cameras to cameras mounted on
military weapons, are equipped with infrared cameras. By using the temperature emitted from
the objects, they can be identified in different situations, including absolute darkness. The
multiple capabilities of these cameras in monitoring the other party's military capabilities have
made camouflage technologies in this field more important, so that the development and
research of new infrared camouflage methods and thermal cameras have become the focus of
strategic development of countries around the world. This paper is a review paper in the field of
infrared cameras, which is not similar in any other reference, and with a comprehensive view,
while explaining the applications and principles of operation of infrared systems, it examines
various methods of countermeasure with this type of camera. Also, at the end of the paper, a
comprehensive classification of methods to countermeasure with this type of camera is
presented.
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* Network Video Recorder



VP ylinno) oF o ko (o0 o Jlw € Jole jud aidlagy code 4y piid

\Ys

R

aile 6 esi o sle Cools 45l S oole g 8T
Il b, YU Colus mlan g on 4 Jobseie sl
99,8 4y pazie (g)les LSl Jdoay oS ey xSl g )5
S5 s b o085 @l 59 S 085 el )] (sam g0 amio
DS e b el 00l 000z (65035 &Y KL 4 oS 5]
Sl 3,5 VAT el gz ool (236 o e 50
2 Ogole Sl Thg osle cnl ol 05 (ygole Ll jo (YL
328 09ole At B uiS (oo ey Akpe) o o 1) B S
P\ JESRNCC I IR [ PP SU L S  VIN | ) IRV
A ol oSS S U 5 ateds oy K,
S lean¥ ol oS e eolainl a8l als 3l FauST slaa)y
WEwn o= SLasle Glyee o5 S5l (6 ey slalas
oKiws e (g ¥ 5Ly bl o Jleel b sl oais ais Lo
g 45 ;209,00 VT B VD coguzme (o |y (6508 jo8 o
Db Ghals asd oo (LaS g o0 (alalid jo 8 3l (y90
Xl a0 VY 00> U g0l sles alS el o
Ol 1S 5l eolinal LWV ] 098 o Wbl jué b aualie
5 8 Ogole el Sl b (e )3 a5 Aol 05 gla el

Lyl cole wusl asls Saussis

Kit 300 g,9Ls —Y—F

[ 055 b g, cunl jammo s ;0 Wo lacSiae 4 (padis
Siyyes 5l aS pl podle U aiiliign (o tunl sla Wl b
S 4 SLbl buss 4l 55, Jsb 5o 9 Wadoe Olery Sk
S b @ a8 Sl on 1y 0 b sl anlis
g auils slae S,6 40 LﬁbQ] @iS 4y 0B gl slaiya e
oS igd gyls el S s 5l S rl
o5 =B Jley bawgy a5 col syos Lol eole SG Y
IS el ooy azsle Polaris Solutions ciwigage

I¥Y] sms o s 1) (s y5ld ol 5l ooliinl b bl

ool 00l o525 b yarly g I3l o yd ) I T cuS

Fas U gl oo sl )bol 4y lgi oo |y il Jis8 olge
S S amie S sd ol o Sty o Ol B 0)S
oS Boy e S Sl ) S sl flog wlgie Yo
Joy ©oge a9 35l 0j @8 FO L wg Sy dgu T
el 598 15 ojlail s T 1 ogdle [¥F] 09 o 00,08 S o5
0,8 eslitl gy e il Jo i Glyisar o1 51 Gl oS
otelosl ols sleyS 5 ol yo 5 el ST w5 ol
5 anS e able gl LoF a5 Lol el eas

I sz 0590 90 Sl Sz ool 308 Ggole 5 bl
55 i b Vo Glaal Jarsess cobls rals ol as 8
e el b 308 (ygole il Dol (alS pe 8 ygle B
Shals o Lol assS [YPlogs o Jols Fymgd b jLac]
Ivvls)ls (S G mhaw sles 755 5 jo 8 ogole jLec]
L aglie o ob ol diz  Jles] ails, Plas 4 (Ban
el Aie)

61_@‘:&2_..;0 L QLQ;? duﬁ)_w.u LsL(bu'L_"{)‘ as ‘511_'> BN
30 wyls g leds ade Gl Sy o Sl (o)l gl
L sl Losmy90 (nl b ablio Sloladl anwgs 4 b (Jl> (e
Sl lacs )33 0 oz g (n Pt (A (nl s i sl
G 00 Ajb‘ ).0)5 ujol.n 6L®u.u)9¢ )‘

RS oolgls —\-¥

S b S slaadslsilols ()5 anngs g 25
2lils gl uliie po wpaz S Syl ple 5 IS
Ll s e lal 00 658 5 ol 50 oo BB S
e panl wilizes Slalllas o(F) JSS Gab @S o aiz b
adlosls e 1 Lkl slaailobs san] o 1, o (i s oS
OLao8 4 yamio (olos Jdo 4 G3IF 5 (05 laalglsil
Er98 il sloo )5 sl Jle olering slagts; &
(Jle (Hig S o 4 ()5 dgdgill SUTwloass Jas
o9 (S olle; Vb (SolSe plSoiinl o5 )5 05 han
53 Suoglite 5 war (59,55 plp 3 Sueglie (Jle 5 dy Sllas]
IYAT sl 00,5z 055 401, (g0l 4 g5 pgmmloinnST ol

1 00 k.
A —
] ol
/ \
2 e =
£ A
= "
2w |
g 0
=
&~ T T~ 20
| L] L 0
"
e 2011 M2 2005 M4 2005 MMe  MIT 2013 2009 2 M2l 2022
Year of publication
Srealth Stealth & Carbon
B "
1 T 12
g 11\ -
< 1 \ .
= |
= “ . /| .
= = o .\‘ / \ il .
= m» L ," 2
" B ¥ 4 o

2000 2001 nHM2I M3 2004 OIS 3016 2017 2008 2009 N20 21 2022
Year of publication

Infrared Stealth Infrared Stealth & Carbon

LIS ) ool b ansd8 o o0 ou piie cYlie :(5) JSib
asobe Lt the8 Cygole bl (o e, bl bl (W) guls
Ive] s s 5058



Yy

92 T Bl (orizme 5 (somlB plodl ¢50,8 (yg0lo Gy 90 b abilie sla gy 2 (53950

@ dlly goe oo pl WS o0 S Sl (295ug S
oy 1) oegilys slaalls cll> s (S 5 S
Oyl olKiws b i oo poye &5 Bob e [YF] wiS o
glyl 2lo s 99,0k i 5l &5 Ceul SleMbl S e
L ShlSET b 5 gte alogts o gl oorbliteg 5|
e b o SLophl hags 45 cuu i 4 00l (2
Ailgy ols oole SG ST 0sd s pSie D5l oo e ludl
Ciz Bl jsbar Sl ey (panbliseg iUl gl ]
9 W o3le (3] S92 (s @ 0B poje Djge o] o S
Slge Mol 4y 5g algs eols Dgzg Sy 4 0B 5 5
Sl 5 bedhe 59, 2 | glel @3l Slge cnl )50,
Ol B oS o Jlosl (25 slo 9,055 5 S (S danlse
Ols5 ) e ot g i Dby e gole sl S

LYol coly cavs s3,5 o), a9 5,5 Slulis

0% olsS el 5l eslainl sasiileS )15 ey 5558
Biotechnology — &8 ,4 .cul % olge arwg lp
arwgi |y oguilsS lasl by (gl asd,i0y oole Hyperstealth
A) S S oo S5 S0 i oyl Guyb 5l 4 eols
A oo L 1) 8,35 s owie S 31 AS g8 CanSh logel
485 oole G oud il Eliil paiileS ol 4y 45T Jgame oyl
Lol g a5 go o3 o o Bkl 50 1) 95 a5 el Sdly
ax il leedy a5 osle (pl 5l eslaul ST e lesy W
L 55 se oassl (oasitlsS sisea ikl olse) (gogtlys il
Ol @ slx 5l By alige Cass (Sl Bus 4y 55 (05 o3
Aoy e Lol s odmlice BB oole Cly ez S oSS
Avol el ssalin 6

[YO] 5,38 oo (owie < 51 a5 L5y oSl logas 1(A) S5

albob Bgd cod 0ol lis axg e 4 J)l> oS g
oad (b by Syl seam oo o 3l sl Ve oS
Joe @le loe a4 Yol Yoo oS wlele ,o 39390 Slge
WS oo S5 olr B9 Sty 5l b sleyS et 5l g S (e
a td la s, 5 seend K, 5l eslinal b alels )
paseis Boogd oS5 SLbl ey b aasoe ojlal p)l8
s Glog s a4 g WS e Fleds ) e s 50 Ok
Ngd Suop Do 4 Sl wx U plulid oy ams o5l
ol (slag s @ ayed L jee 5l a5 ess cnlpln Y0
wilgige rizman Glilpe i |y Ll WIsiod w058 e 00>
b o 1) 0 ol Slpess plo 5 by gigalsS daaslal
G Gl Sy e 0wy gile b CoS L oas &)
Jsb 53 5 ansige ozl olibm & hg, al S ol Bae
Silaglery (ot @ o> (6l 5L slaglass b o0l Sz
ST el S Sy ol Yo oS i plowil 1) Canse
);aplr- sw‘ 4J9K dosle sousS AAAQA 6Lbu¢.x_99.c )‘ )|)5 6‘)4
2 @by S oSl o b s Jbs, ws sl s o
WS (oo S 1) il (lsy 5 WIS oo (Bl Geds 5 a3
sl 8138 o b 4y ollas slaaaS> 5l Yogane a5 1) 53, 15
Swbe S @ BYEN 4.059 9 NS ).305){9 Lg)jL;é Q_;“ ‘A‘Su“”
elolis was gl e o il b cal gt

Ivol YW

[vol v+ cos claculls (V) J5i
so9ileS 5 9Ls ~F-F

dogyg 2SI wiile o (539 Casl 0,3 —ge (Sgs sl )98
3 e <52 o8l 5l ol SiS g g S e gign
3 eegslsS SSle o Lol S (oo 9 S Sl
Oy a4 aiwly zlael cailS areg 4T Kipog s ol



VY Glno oF olous (p0, ke Jlw ¢ Jole e widlagy ok 4y yis

YA

L oyo3 5l o g 0l St plur] Loy (pnbliseg 2SI
Condy edee Saie S8 hlog o lnl b etz 4 pluzl
1 el Dglan ol aile el J3l g (6 s Boo g
O |y (Sye gy AT all alils vy 3l oole (eg5 ST 2>
ez Wl oed S az ST wiS Qi oS jsbay ulSal
ot lsise limen Lol waiig |y oole ol b o oapdsy
O O Sgds i 1y ol Sl Sledbl 5 > i
SlLbl b 5 ate; oy S5 5 )5 )0 Dol olml el anee;
ol 1 osle Gl (48ly 352 wiilgs oo j5i o3 5 055 00 ]
ssbar Wb e dly Olen Sl 4 ol ln nlply wS
sl oole iz 9L Ll S j508 51 lo (9 9 JalS

re] et oazs sl

b Wi Lol e -0-F

S cilise slo S L ablie slp o b wiz bl (sla g8
e g oo odlital (yo g 5l ()l 08 ygole alex
Wt oo 1, b1 Sloaloms 5 0ns (yaiso g (58,5 1,5 Cban
Lol sbosl (st @l (9,5 ad b gl nl S oo
Loosn om 5l ol plulid QIS b 0l oo aen) g a4
oLl 65U aule golge 5l eolaul b zlgel JyuS 09l cans
L8] 5,5 o0 90 ol slaails K, g o yords

Kuls ¥

28 0sobe slagryen w5l oile ety sl adeds jleolil
ol Slgize 5 oS oo ail 6,2 e SO asilen wilgs
l She g il 508 9ole lgal bnadnd w5 gasee 1) asds

I¥Al oS sgae

ogagll Jigd -V-F

oyls oYL el el Pj—:—*—:—"aﬂ chw &8 ol QT 5l
oSaie 53kl 0> U JI 5 WS god i 1) 50,850k
RCE{ N JR AN RGO PRSP VS R FOSERU 5 JEEURVESRUL g
J‘lﬁs CoS g Cwles W G»L..JL.....; IR 6&&)5.) Ja_w}'

Iral sas mals b ualidl 1) 51 ol Wles oo
ol —A-¥

Skt 5 955 s508 Ol ) glar wiilsiged 50,8050k gl
9 &ly 50 0adise dgie Of g bl lagse sk
eds |y ol ezl ead able sl abwsay )l
I e Sl bl A e iz ) LS T ans
2lpe P L) aom)ge pansds g)cnlil 5 wasoe 1alS

Cly as SRS O PR WP RS UL““’ ) JS.M; 5o Af)e.laQLo.aa
Sy poal 9 09800 Oley Loyl 51058 oo J1B (segiileS &5y
ks&.’?bo o|9.4 AJ] 0 Q,wLo.J LY L5‘°9:“"95 45)9 J.vl.&n S Ao
SeS oy (ol by 4 g oo LS & (egtlsS 8
Ol 4 asly wims ploil 59, Jobo jo 1) 065 O b oS
WS 18 gl 4 Solg Gep Doge o U asS 0SS
5 32,50l GleoaiSiz jo olge oyl 5l og, o0 Ul (opl ogdle
S5 il 4 g 0gd oslial (il (Gl slp asl o0

Cagy BB pf Gloged @ ]) padd 4 (0 a0 A dsg U oS
Tvv] azas plosl

[vo] cogmlsS jliiul 5,5ls b bl :(]) JSi

L bl ol ol 380 oS53 S Hyper stealth
oy Yoo Sl A g ol WU el 99 51 e AP
Ol ol 5 Ll GlagSl 5l salil b oaiSizr cr g allis
2ol 3,5 13 b 4 canl gl ool sogiilsS (5,5 chse Cen
s a5 oole (1l S oo (el Ml |, B cBa Bl bl 4y 65
Bd> |y et (Sl g (cod 50 W) 08 gole s pa e
RO Iys] Sy om e |y Gas ale Sl WS s
(S salonlsn Sl (35 et 53 Ol SIS
S sbey s 50 Lowlen )5 oslital lajlail s S5 g ool yo 5
L 2loe slaslee (oupmlr slaojlsale @)k I 55, alos

IVl cas plolis BB o)ls slaggll slapis

D3> (S 0 3929 plaxl 53,5 ek sln ol g0 (I sk
@ ool o3l (6,503 5 (obliieg xSl 2lsel b g e JolS
() 39 Crl el JolS 3585 (sl (pmeblisng Sl lgal L0
iz 9 lpl g WS (ood S | (anbliieg STl glsal b e
OSee p30 g, S S 1) pluzrl S92g wiiles cod hene 58
Sl & Slgion 1 bl Ylasetile w3590 9 550 ol
Jdo o)l 5 ) srar (Sl QB (G gl cess S
gz 5 ) 45 5w |, plosl ailgi e ol 3l aS



AR

92 T Bl (orizme 5 (somlB plodl ¢50,8 (yg0lo Gy 90 b abilie sla gy 2 (53950

s S Galeil (@byd o wyze nl ) (ell
5 el @iais plp pe cblsr 4 Ko slay)lF
Sl (Son Jurg Bl a3 g0 LS 45 S oo 0 LE1 € S0l
ol 3y5m 30 Sl il ol Wl (S kS gl
Ol Olye &5 ab aiie V-biwg) g (g0 450 5l Slles
bl Jled (Bl 2lyo ol ol gl (slag "
el iz (sl ismg) (2l ol nl kil o 05 S e
Shse sl wmey a bl L sl s ples
Orsl Nal Wl S5 BB puf ae 0 Sy Fom (S
) 090 00 &5 3,5 (i (owgy Slog s 5l 1) (oold g, V)

S oo Ll 1) ok 5 b

Wt (6 gl ST Sy et 4 g0l bl 4 0B (g, slag
s log,s il &S5 1) o cel 0o)loz B algs g0 S
ot QL 5 w5 ety 59y aw e 1) el JS ams)
oS sl Juag 5Tl Ko enene 09905 oty S ypagy90m0 5
s S,U dlge 10,5 0SB Bas 5 LU o ws b g
Sl Olyie 4 ol (B 5o Wsd el wgeie aliard
Lol 5l (S S oo Wishe g dib (Ll oleart
390 (P AT cew sloogs cpl anil 4l e )
delse b b sl Sl 515 el 09300 oneli (oS
Wl o ) Sl S sloelSims Wlsi e oS el oliard

S 55 508 9dle 5 2liw zoe

bl o gl 5 3B ile 3,5 0leiy slp 093 Jalse |
oy a5 e glogleizle g (elo bl (@ Sovius
Slr orzen 5 2 vezy gl e sheiny b B
ooliwl craiss a5 0y50 ST glal g evslive 3l 6 uS el
oolainl Hhas a4 Sl b ol an Jlad laore G j0 090 o0
Sl malS gl 090 5l g oo ezl oy latwe sl
slraxly 0,8 solainl gl awn sl il 51 236 5> (655
B ety Gl cnl o2y Syge o el o aliend 090

e 18 euile 8

oS oo pdes |y oml a5eSms b (8 lo ol bn)oil 3
& S wdg SzeS sl Sl Gl kb (S8 sl S
aile o yoe gloonisS o6 ok o eaiSTy |, s slagiyg
5 by claable wilgo (egras (SB35 laass
Pl S 5wy Gled | (peablineg i8Il (6 o5 Sun

S LenSLL (93 E g8 5 (Sle S35 slalys

25 59,5 SlaSdge (ol CeaSs sln plgioe S35 ol
9 i disly Ergd Ol Sexten bll, 4 oS saS

s 3 ez w2l 5l sy Gola)l B Ll S e
LfT 0,5 sl jletul g5 oo

GBS sy, ~4-F

Slegmyss Gl sl b Bl S LS by
S 89y 2 Fyan b grmb ez 5l eolaial el 50,8050k
el ol pases 5 asS o5 1) ol (&)l slael Wilgs oo ar
P e ax e ol Jleds 08 gole slam e
wblige G 6t sloyS ol g e Lol wil SST

Ier]

Mﬂ MMJ L

s AalS 1) 5e )8 gole slasl wily e (Sedly (sladd g
Y ax e 005 e ol i il Gel i cwbs
Fe s 3 sieS pbS bl Wil St (Sl
Sy s Sl sl Sl o 4 |, LS
lasl 5 3y oo )8 ooliiul 590 (aio 5 alla lao )5

LeY] wms oo 2alS 1) 595 o ity o> 5>

oy SLII-1V-F

Jozt g cls I pmlail als a4y (sl F5e Gile SO coty SUI
ol S S e Folel bag e sl |y (Ko oy laglaee
Sl 51 sl e e, ez 51 50 slys 5 L L
sheslaiul Jleglyca wliie o1 2 1) 508000k laim)es
boablis lp sl ) S plsieay o e by IS
LT ams o e 1) Jg B o Shae 508 (yg0le slogmsg0

"Ll ol ailobw—VY-F

oS sl 090 31 ool ¢ colls jliiwl jo g sloaddge 51 SO
30 o) Saen il abile G glgea ol 5l Jlb g asds o

3 ol @ Ll gl oo coliul (K it slocoadse
ISz gl bz o0 5 Vs wos gl o L 5 ailate
lopgol Ll el kil by, cpl 5l eslaisl @b ys e
Baa cpl a4 Gaan, Gl 090 50 0ul oolaiwl slge g dalaie
Gl o S o 090 sladdge 5l ool aiws Lu 8 Jlaws
3 e a,8 gole cads 0 ogdr 090 dilelw 3l colaul gL
g S ol Jug Sl ey (eoras 4o [FF] il 0o,

slaslls 59,5 sl ;o ol (easu il bl lp arws; mhons

' Cloud Making Technology



VY Glno oF olous (p0, ke Jlw ¢ Jole yud widlagy ole &y yis

\¥fe

Silese @2 503 edle glaalel L oablie g

30,8050k Ll pae Co LB L golse 1(Ve) S

J}.A? JERERS C)Ja.a Q;L’; ‘5&&9) )l oolauw! colre 9 l)‘J.A
el 0ad oals las (V)

s O JB byl 45) (s pgal slaelsale (pols ceSs
L80] o5 oolanal S ojlu 3l e plKin (aiS o JLio I,
Sl 508050k slacymygo b ablie ba by, (ot el b
o9le soya 90 a5 (golge il Lo 9)lse samex Lol
Gaaiws g (Vo) IS o wijlai |y oyl olubs oUlgs 508
ALY S )0 8090k il i slalg, 51 (IS
31y g aulgy ged (Vo) UK 0 oads o Lal o )lae 05 g0
ol il (e 58 Ggole slacm s s pleds
S andl oS lolis 1 byl anlg o s 2 5 biyesysd
do g ,Le wos aile JSKS opl jo oads o)lal o)lge 31 Sy
8 el Koo bl il gl iy Sy ol
593 51 Lol wasS o ST 1) 595 50,3 cygole slacymyes Slie
azsl asle ) ooliiuwl 50 (63)lse ity slp oy o
S5 4 093 (ol B 95 (i slp Ll pl )3 ams)
ol el 508 aole slagrygs o o lil T 4 WL 0
Syl salS sonpes peud 45 Cowl Sgz sl (goaiis
Aoz gaddlay b, Sal, @l glp 1) ans) Lis j0 34> ge

Alis ;8 0ad lae il slo by, culre § bl :() Jouz

Girlag;g)m‘—hh?zn)"wj

Ol = 2 gl Wil g oz Gl b (Sl @bl (S 5 2 Sl Al
S5 0 00 S jguas puc - o> 9 D95 dd — @y gewly —ob ) plSoeiul
S Ss - ek s kel - ug g
pae = Yb &y 3 - vz ST 0397 (S Voo B (5 Jood) VL plSoein Yooos
)9S’ (B 3 (532 (o i e Gilostylom - (el wiz Ll - S
sbedl gl (A5 Sdo pus b 53 Qlilis pae = Lol Jom 5 S 03 o 5HlsS 9k

Sl jlcw! pue

Jo - Gz slalase sly (g5l o )law
2 G5P5SS — b aim kel — Lo b
S

ek aiz bl g

33,5 pus — Hlgiss Joo — ploiwl pus Iy e = glledl oofees A
LQM ‘?r) e
Syl olol oslil = o5l azyze = Y Cuglis soseegll st
- il dgazme oy — (S5 ol Gle = o)l ae - plal g s o




g}

53 T ol (iome 5 gonld pledl ¢

30,8 (599le (S 590 b alslio (sl b, (590

o oo il b

%)QYL‘%—QMQG;QQW stA
pr
Los Cydguse — (mly ool ooy B - S 55— Ol e s Sdly
YU is oS Jaad po ooliel pae | oyl 425 - ool s - Cangy b 555l PEREN
G o b L1550 -
3131 g buzo 59, p2 (il ] ke = silwosly (YL Sy = Joheo ai3n St

0,8 gobe Ll sl by, (gamaiws (1Y) S




VPo¥ linmn) oF oot oob,la Jlo 5 Jole yob widlagp gols & p

\FY

detection in the demilitarized zone," Sensors, vol. 21, no. 9, p.
3175,2021.

[13]Adorama. "Parts of a Camera." LYNRED corporate.
https://www.adorama.com/alc/parts-of-a-camera/ (accessed).
[14]R. Gade and T. B. Moeslund, "Thermal cameras and
applications: a survey," Machine vision and applications, vol. 25,
pp. 245-262,2014.

[I5]E. Zhuge et al., "Nanostructured materials and architectures
for advanced infrared photodetection," Advanced Materials
Technologies, vol. 2, no. 8, p. 1700005, 2017.

[I6]R. Usamentiaga, P. Venegas, J. Guerediaga, L. Vega, J.
Molleda, and F. G. Bulnes, "Infrared thermography for
temperature measurement and non-destructive testing," Sensors,
vol. 14, no. 7, pp. 12305-12348, 2014.

[L17]N. Lee, J. S. Lim, 1. Chang, H. M. Bae, J. Nam, and H. H.
Cho, "Flexible assembled metamaterials for infrared and
microwave camouflage," Advanced Optical Materials, vol. 10, no.
11, p. 2200448, 2022.

[I8]L. Junshan, Y. Wei, and Z. Xiongmei, "Infrared image
processing, analysis and fusion," Beijing: Science Press, vol. 3, pp.
1634-1642, 2009.

[I9]L. Calvez, "Chalcogenide glasses and glass-ceramics:
Transparent materials in the infrared for dual applications,"
Comptes Rendus Physique, vol. 18, no. 5-6, pp. 314-322,2017.
[20]M. T. Mueller, Biomimetic, polymer-based microcantilever
infrared sensors. University of California, San Francisco with the
University of California ..., 2007.

[21]" Infrared Sensor." LYNRED-USA. https://www.lynred-
usa.com/products/vga-resolution/pico640gen2-infrared-
sensors.html (accessed).

[22]S. Tiirker-Kaya and C. W. Huck, "A review of mid-infrared
and near-infrared imaging: principles, concepts and applications in
plant tissue analysis," Molecules, vol. 22, no. 1, p. 168, 2017.
[23]C. G. Cadena, C. Sanchez-Pérez, A. Garcia-Valenzuela, and
S. C. Cardona, "Indirect Light Collector for Interior Lighting,"
Energy Procedia, vol. 57, pp. 1969-1976, 2014.

[24]C.-F. Lin, S.-M. Yuan, M.-C. Leu, and C.-T. Tsai, "A
framework for scalable cloud video recorder system in
surveillance environment," in 2012 9th international conference on
ubiquitous intelligence and computing and 9th international
conference on autonomic and trusted computing, 2012: IEEE, pp.
655-660.

[25]K. Mizokami. "Israel Found a Way to Make Soldiers
Invisible." https://www.techeblog.com/polaris-solutions-the-
kit-300-camouflage-sheet-soldiers/ (accessed).

[26]J. Hu, Y. Hu, Y. Ye, and R. Shen, "Unique applications of
carbon materials in infrared stealth: A review," Chemical
Engineering Journal, vol. 452, p. 139147, 2023.

[27]L. Peng, J.-S. Li, and W.-W. Zheng, "The Design of the
Infrared Spectrally Selective Low Emissivity Coating," in 2015
International Conference on Material Science and Applications
(icmsa-15), 2014: Atlantis Press, pp. 383-387.

[28]X. Zhang, W. Lu, G. Zhou, and Q. Li, "Understanding the
mechanical and conductive properties of carbon nanotube fibers
for smart electronics," Advanced Materials, vol. 32, no. 5, p.
1902028, 2020.

[29]V. Georgakilas et al., "Functionalization of graphene: covalent
and non-covalent approaches, derivatives and applications,"
Chemical reviews, vol. 112, no. 11, pp. 6156-6214, 2012.

[30]X. Fan, S. Li, W. Zhang, and W. Xu, "Recent progress in two-
dimensional nanomaterials of graphene and MXenes for thermal
camouflage," Ceramics International, 2022.

[31]Z. Chen et al., "Electrically Controlled Thermal Radiation
from Reduced Graphene Oxide Membranes," ACS Applied
Materials & Interfaces, vol. 13, no. 23, pp. 27278-27283, 2021.
[32]M. S. Ergoktas et al., "Graphene-enabled adaptive infrared
textiles," Nano letters, vol. 20, no. 7, pp. 5346-5352, 2020.

[33]J. Shavit. "Amazing thermal camouflage makes soldiers
nearly undetectable."
https://www.thebrighterside.news/post/amazing-thermal-
camouflage-makes-soldiers-nearly-undetectable (accessed).
[34]Z. Majeed. "Israel Military's Camouflage Tech Makes
Soldiers Go Virtually ‘invisible’."

S S Az — 0

Sz e loil e else 1S plgeay jlnd sla b,
4 g 5,8 O3l slo Gumysd 5l w6l oS oo s
Sleoway Clél jaseid 4y 0B as gl sl g0 osar
Q_.ﬂ B RG] )L.t 9,90 (5 0du le.(bé‘)jl.:é KVLowe. b.nUa’.i

Loyl o, Slas 0556 0,8 g0l (sld po g0 lislu s
o=kl sl by, (nFamaz g 8585 sleo )8
SLoim;e0 5 328 Gedla Sl lul wua (sla by, Buiod
B Gl ol )d 10,508 (90 pal) dnnsgs (58 4 Sl
WDy g ol L5 s anas cole G as L el ool
Q_" TS G- 6)9_54 9 LSA?_QA"QA 4_l>).a 3O jg—R Lbé)sb_.m)
Slgiiin a5yls Do Vel ax gl an L jem o g )gld
ol sl 31,5 oole 5l esliiul (59, o] Sliios dgi oo

Sgiinn calizes  ollas lis ;o QT SgeeS A4S chub wiz Ll

&y -5

[1] H. L. Holtz, A. C. ; McLain, H. M. "Overview of signal
processing techniques for infrared /IR/ deep space surveillance."
https://ui.adsabs.harvard.edu/abs/1981SPIE..265....8H/abstr
act (accessed).

[2] S. Chandra, D. Franklin, J. Cozart, A. Safaei, and D. Chanda,
"Adaptive multispectral infrared camouflage," Acs Photonics, vol.
5,no. 11, pp. 4513-4519, 2018.

[3] F. Hou, Y. Zhang, Y. Zhou, M. Zhang, B. Lv, and J. Wu,
"Review on Infrared Imaging Technology," Sustainability, vol. 14,
no. 18, p. 11161, 2022.

[4] R. Hu et al, "Thermal camouflaging metamaterials,"
Materials Today, vol. 45, pp. 120-141, 2021.

[5] "Visible and Infrared Mapping Spectrometer (VIMS)." Nasa.
http://photojournal.jpl.nasa.gov/catalog/PIA13402 (accessed).

[6] I Knizkova, K. Petr, G. GURDIL, Y. PINAR, and K. C.
SELVI, "Applications of infrared thermography in animal
production," Anadolu Tarim Bilimleri Dergisi, vol. 22, no. 3, pp.
329-336, 2007.

[7] P.-F. Tsai, C.-H. Liao, and S.-M. Yuan, "Using deep learning
with thermal imaging for human detection in heavy smoke
scenarios," Sensors, vol. 22, no. 14, p. 5351, 2022.

[8] B. B. Lahiri, S. Bagavathiappan, T. Jayakumar, and J. Philip,
"Medical applications of infrared thermography: a review,"
Infrared physics & technology, vol. 55, no. 4, pp. 221-235, 2012.
[9] M. Stumper and J. Kraus, "Thermal imaging in aviation,"
MAD-Magazine of Aviation Development, vol. 3, no. 16, pp. 13-
16, 2015.

[10]A. Akula, R. Ghosh, and H. Sardana, "Thermal imaging and
its application in defence systems," in AIP conference
proceedings, 2011, vol. 1391, no. 1: American Institute of Physics,
pp- 333-335.

[11]JA. Rogalski and K. Chrzanowski, "Infrared devices and
techniques," Optoelectronics Review, vol. 10, no. 2, pp. 111-136,
2002.

[12]L.-S. Yoo, J.-H. Lee, Y.-K. Lee, S.-K. Jung, and Y. Choi,
"Application of a drone magnetometer system to military mine


https://ui.adsabs.harvard.edu/abs/1981SPIE..265....8H/abstract
https://ui.adsabs.harvard.edu/abs/1981SPIE..265....8H/abstract
http://photojournal.jpl.nasa.gov/catalog/PIA13402
https://www.adorama.com/alc/parts-of-a-camera/
https://www.lynred-usa.com/products/vga-resolution/pico640gen2-infrared-sensors.html
https://www.lynred-usa.com/products/vga-resolution/pico640gen2-infrared-sensors.html
https://www.lynred-usa.com/products/vga-resolution/pico640gen2-infrared-sensors.html
https://www.techeblog.com/polaris-solutions-the-kit-300-camouflage-sheet-soldiers/
https://www.techeblog.com/polaris-solutions-the-kit-300-camouflage-sheet-soldiers/
https://www.thebrighterside.news/post/amazing-thermal-camouflage-makes-soldiers-nearly-undetectable
https://www.thebrighterside.news/post/amazing-thermal-camouflage-makes-soldiers-nearly-undetectable

FY

92 T Bl (orizme 5 (somlB plodl ¢50,8 (yg0lo Gy 90 b abilie sla gy 2 (53950

conductive additives," Materials Science, vol. 19, no. 4, pp.
409-414, 2013.

[40]C. Shengyue, L. Zhaohui, Y. Shengtian, J. Yifan, and B.
Guodong, "Preparation and characterization of water-based
infrared camouflage coatings, vol. 44, no. 8, pp. 2298-2304, 2015.
[41]B. Purser, Jungle bugs: masters of camouflage and mimicry.
Firefly Books, 2003.

[42]L. E. Johansson, "Thermal/optical camouflage with controlled
heat emission," ed: Google Patents, 1985.

[43]L. Ping, Z. Wei, and L. De-ju, "Process of anti near infrared
camouflage dyeing on wool," Wool Textile Journal, vol. 42, no. 1,
2014.

[44]W. Harmata, "Smoke as a component of military camouflage
systems," Biuletyn Wojskowej Akademii Technicznej, vol. 67, no.
3, pp. 83-113,2018.

[45]). R. Haines. "Why Is Russia Blowing Smoke."
https://www.fpri.org/article/2016/08/russia-blowing-
smoke-literally-military-uses-artificial-fog/#_ftnref2
(accessed).

https://www.republicworld.com/world-news/middle-
east/israel-militarys-camouflage-tech-makes-soldiers-go-
virtually-invisible.html (accessed).

[35]A. Emre, "Isracli camouflage tech makes soldiers ‘invisible’."
bluesyemre. https://bluesyemre.com/2021/06/17/israeli-
camouflage-tech-makes-soldiers-invisible/ (accessed).

[36]K. Shao, L. Shu, Q. Wang, M. Liu, Q. Tian, and W. Hu,
"Quantum Stealth Technology," J. Org. Chem. Res, vol. 3, pp.
66-76, 2015.

[37]vitaly-v-kuzmin. ~ "Military =~ Camouflage = Technology:
Countering Thermal Imaging."
https://dsiac.org/articles/military-camouflage-technology-
countering-thermal-imaging/ (accessed).

[38]L. Zhang et al., "A thermally robust and optically transparent
infrared selective emitter for compatible camouflage," Journal of
Materials Chemistry C, vol. 9, no. 42, pp. 15018-15025, 2021.
[39]V. Rubeziene, I. Padleckiene, S. V. Zuravliova, and J.
Baltusnikaite, "Reduction of thermal signature using fabrics with


https://www.republicworld.com/world-news/middle-east/israel-militarys-camouflage-tech-makes-soldiers-go-virtually-invisible.html
https://www.republicworld.com/world-news/middle-east/israel-militarys-camouflage-tech-makes-soldiers-go-virtually-invisible.html
https://www.republicworld.com/world-news/middle-east/israel-militarys-camouflage-tech-makes-soldiers-go-virtually-invisible.html
https://bluesyemre.com/2021/06/17/israeli-camouflage-tech-makes-soldiers-invisible/
https://bluesyemre.com/2021/06/17/israeli-camouflage-tech-makes-soldiers-invisible/
https://dsiac.org/articles/military-camouflage-technology-countering-thermal-imaging/
https://dsiac.org/articles/military-camouflage-technology-countering-thermal-imaging/
https://www.fpri.org/article/2016/08/russia-blowing-smoke-literally-military-uses-artificial-fog/#_ftnref2
https://www.fpri.org/article/2016/08/russia-blowing-smoke-literally-military-uses-artificial-fog/#_ftnref2

