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ABSTRACT

This paper describes a thermal image processing algorithm for uncooled type TEC-less IR detector which is
applicable to fire control system of small arms. We implemented a real-time gain and offset compensation
algorithm based on polynomial approximation from the raw dataset which is acquired by two reference temperature
of blackbody from various FPA(Focal Plane Array) temperature. Through the experiment, we analyzed the output
characteristics of detector’s raw-data and compared IR image quality to traditional non-uniformity correction
method. It shows that the proposed method works well in all FPA temperature range with low residual

non-uniformity.
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Fig. 1. Output characteristics of uncooled FPA IR
detector with TEC

N

Fig. 1914 X% HAE72 48 ouA, y5& 4d
of ek A&71e] e vEhith A&7 i A

kd

M

°] Raw Hlo|E] &S X(i,5) 2k st A&7]7}
vlgtEE 2709 7]EH &% T (Cold Reference), 77
(Hot Reference)oll W3t H=7] A AA(MxN e &
T o9 292 727 A4 (1), 4 0= 28 F 3tk

J

- 1 M N
XTH = mzz XT (27]) (2)

g Ax¥} AN =S Raw HolE] E8 X(ij) el A
& weli, FA0)= dsked A (3)%

Y(i,j) = GG, ) X(i, j) + O, 5) ©)]

of f, 5 7]Fwe] Al tigh A Aol Pt
s 7IEoR kel A FHEAS 99 o5
FAFEE okl 2] @), (5)¢h o] mAATLL

#t

¢

n}{v
L)

S TALE 7|4 8k8] 2] A2 A235(20199 4Y) /163



XT 7XT,
G(i,j) = - S 4
(Z J) XT (17]) 7XTC(Z’-]) ( )
Olij) = X, — Gli.j) Xy, (i) ®)
o] wl, FAL MEIS Le A 2E FULEE 71X
= 71Zd] osiA 7AAE 5 gtk MEE o] 851
A5g AQ2e Ve tg A&7 298 X, d
A Ao &g HES X, ghal 5H &Y RS 2
(6)3 2t
Y(i,j) = Gli,j) X(i.5) + X,— G(i.5) X, (i.7) ©

= Glij) {X(i.5) — X, (i.) }+ X,

Howsksie S48 HER, $§ FE ME 52
o1g3tol 7] WAL FYstol A shael A A}
g 92 & 9k

3.1 TEC-less ¥4t HA&E7| EM

TEC7} §le G4 &7 &2 ol FPA %7}
WA Hal o] wl, U3 4 Al diEiM =
9o W3yl A7tk Fig 28 L=8H gl A&
715 3 20 °C, 30 °Co] AT 2EWS 7R SA
(Black Body)E AJstE53slal, e &5 -30 °C
N 60 °C7HA] 7P A|ZIHEA HE7] FPAS =W
shE AAZS o A =9 g wskE vERd =

ot}
Fig. 20014 Y52 7 SA gl digh H&7]19
92 HHS 14bit A/D AWEE o]&35te] x|}t

grolet. Aol AHg-d Wz e

©

=
)
H
s
Z
W
X
e
9
e
o2
o
rio
[t
2
K
)
o2 n2 rlo i i (& ofl &3

rlo
H
=2,
=
£
ol
o ox HI o N Ok @O

=89 olgte AW
e H

N

2
-/
ﬂﬁlr_&

e

164 / S A3 81 7] %2813 A Al227 A2520191 49)

Lorlr oo At T w0
= ir &
-
> o
0%
lo
e
ot
u

1 oolo Ob o ol > ox M X o
ol
fr

i
e
PN o

40 50 60
FPA Temperature

20 30

Fig. 2. Detector(1cell) output change according to
FPA temperature variation

Difference of raw data output(14bit)
1800 ; : ; ; ‘ , 5 ;

1600

1400

1200

1000

800

600

1

50
FPA Temperature

a0 i i i i ‘ i
-30 - 20 30

410 B0
Fig. 3. Detector(1cell) output difference of 2 black
body according to FPA

temperature variation

temperatures



8 3}7]8 TEC-less

3.2 TEC-less H&7|el 20 28 L12|S
FPAS] %= A&7}

7 Ao wel Ag%Ho
HAEFRS Fal7] AsiMe A (601M FHew

of AAFoR s Fi o] Be
$EAR mhE LEwse Fo A4 ¥ A

9o B9 A% METEES o o

& Azl MBS B, 258 Fag

z
e
|o
fr
o2 o
ox
(o3
o
N oo
2 Y
o I 2o o BTy

Jo
5
31_,
»
=
5
3
PN ofl
e ¥
o L
N
i Ho rlo
oo ofo
o

2
ot
2

f
o
ey
4

Mo oE oft
g
Bl
R I

o
%0,
o
s
o
N
f
5
N
2
)
Mo
Ay
st
fu

o
o (=
o
o
o ¥ N
&ﬁ o so
S E &
o
Sxad
to o £
O b

0PN okzl: o B
olr
N2
N
e
rlo
ol
e
b
o
=
ol
o
o2
)
o
u
ol
£
ol
s

o]
@ g Eﬁ:
ox fo it g
o2 3
oE o X ok >
rlr l'U\T r}o
24 ot H
ro, flo 2
d
rJ
T
h=1
O
2 o o
4 [o]
1%
=
o
4
i}
=
b
=

=

dle] Raw HlolHE H5aha PAse], o)
ol

o2 Ry,
ue)
)
¥
il
ol
N
ol
)
i)
r
o
_E
ON
rlo
=
i

X
=
k)
4
i,
©
2
o
o
=

RO Y O =

AL
i
ol
o
)
=
0
>
s
o
2
=2
M
r)J
N
i,
o

on-line

1

1

"' A27] Raw =7] &
1| =) el SLAl WS 4 o5, 427) 29
! dole} 85 [ | oty A3 7129 dolg [ §l°l§
l

1

BA% 4 A A

i T

@A 714 As F2
)

1

: e
! BEEE
1

1

FPA @74 E FA
A S NG EE V) == EE
#x 13

Fig. 4. Flow chart of proposed TEC-less thermal
image processing method
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Table 2. RNU results for FPA temperature variation

AlEegs Method1 | Method2 | Method3
(FPART/ExR2E)| Vo emno emno
-30 / 20 1.4953 0.3228 0.0797
-20 / 20 1.0462 0.3032 0.1922
-10 / 20 0.4659 0.4208 0.1689
0/20 - 0.3604 0.1310
10 / 20 0.5110 0.2237 0.0727
30 / 20 1.8920 0.2565 0.1115
40 / 20 2.8680 0.4060 0.2295
50 / 20 4.2601 0.3645 0.3003
60 / 20 8.6621 2.1389 0.2873
* Methodl : Static gain and static offset
* Method2 : 2nd order polynomial interpolation
* Method3 : 3rd order polynomial interpolation
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