Journal of The Korea Society of Computer and Information
Vol. 21 No. 12, pp. 19-26, December 2016

www ksci.re.kr
https://doi.org/10.9708/jksci.2016.21.12.019

The desigh methods of Infrared Camera with Continuous zoom

Seok-Hyeon Son*

Abstract

In this paper, we propose an efficient design method for a thermal camera with continuous zoom

based on the research and manufacturing experience of the thermal camera. In addition, it is divided

into system design method, optical design method, mechanical design method, and electronic design

method. First, we propose an effective NUC compensation method and a lens—specific sensitivity

design method in terms of system. Second, we propose a zoom trajectory design method considering

the temperature effect on the optical aspect. Third,

it suggests the minimization of optical axis

shaking between magnification conversion in terms of mechanism. Finally, we propose a lens—specific

temperature compensation method and a speed conversion algorithm according to the zoom interval

as an electronic aspect.
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[I. The Proposed Scheme
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Table 1. The specification of IR cameras

classification Camera 1 Camera 2
Wave
Length MWIR MWIR
F/# 3 4
Pp(el 15um 15um
Size
Number of 640x480 320x240
Pixels
20.5mm~
EFL 14mm~275mm 157 7mm
40°x30°~ 13.3°x10°~
Fov 2°x1.5° 1.74°x1.3°
Operating _35C~+60C _30C~455C
Temperature
Detector Cooled Cooled
The Rotary Motor The Rotary Motor
. 2EA,
Mechanical ) 2EA,
. Linear Motor 1EA,
Specifications Ball screws,
Ball screws, LM Guide Type
LM Guide Type P
Electrical 8bit—Processor, 8bit—Processor,
Specifications Motor Driver Motor Driver
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Fig 1. The footprint in Camera 1 & Camera 2
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Fig 2. The graph of optical sensitivity analysis
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Fig. 10. The structure of 2 Rail and 2 Block

Fig. 11. The motor assembly with coupling

5. MAFE MA wot

AZRA, G, A FH0R AV SRATH, 9% F
el FEE AAHoR TR wARe] dolglt 94
NEALE Fal 9ol ae B S dndFe g
24 AAse] Yol of BR& Alslehi F FEAZU
AAE AA gl A Eelsad gk 94 AdEew

A7 Al mEsol 5= Absto] 9t} 3
B A4 F WA Lo nE A= o

=
ol whe 2 WA, Al WA BAdE AR S HEel we
H,



The design methods of Infrared Camera with Continuous zoom 23

HH%%% EE]‘Q] 761‘01" i@ié 7]%% Jﬁ_f\i:}?l":]' ° Oﬂ U:]-E}Qﬂ PHH%—‘H?"Q :Pgﬁ]%ﬂ +O%i}+0€—5 (1
AU g X3 DCRE Wk AHRHE gk 49 184
BEHAA fEleta, T3 JXALE FHA A"FHET} Puoygon = 3l Gl & o] 2 F o] 2= 9] X
9190 Siek. Sw WEZb Y S Qe BAEDCREDL 9 p - aguao] 4 AR A
o oo, ~2RRE A4 Al 7]FAA w2 Rl A 21 (75
DRCl, e 98 A AR eSS BAL W = A el B (e A7) )
W] 2RRE AZARIA ANSE EAE NRE B 43 o
— L A
o @k & A 2U2H S A4S R e A may  Opr = SRR
o] AsE EHS mEste] PAE A4S 0695 Wi
o AL TR SEFo N, Nae Axm vy B AAE Pee JEem F A4 YAs: A
Ex0] 43]7] HEo|ch ZIMEo 2 gt} o) 2xFY 20TE 7|Fo® 2EuA
FA7E 0oleks L os dt 9] e

Wil W AAINE FEOE FER} o Fa,
Azs} 7| TEe) B A AV BA, 2 A= Y
Pk, AR oR 27) N1FRS e F 294 29 D 3

i AA AR Qe 7 vge] AARIANA ASF 2

ol
ol

N
BN re
o® i
o N oo Y
[ =T VR S

m
o,

Driver IC

otor

o

Fhlere] 27 AQAA} A, gz 5

e,
™

A7t ofH MY Aol HeA] ey

of F 29148 Fol 27 AAE et | . .

AR Ajolo] Bole.ts 98] ZolE SR, F £l % T mpansaton e

Sol g 5ol& o] Hsh gkt &3lo] AME A it o

o] A gk th2r] wiEe] ojmje] A ghs WA= ex AolA A4 Falze &% YRR wE 5T

MCU= si#itel Wiie] ADCE &3 543t 449 A% o me 100w BHhoz Adspiete] 24< vds 2

@ BN TEE WAL 2718 A E Atk MR volgE 2e) 39 F ex ARl B2 Zaj] vma

T 2k HzrE gujel7] wiie] FH QTS Wol HE ggate] e T A] o] FS Ul EE st} oo what o

FHI3J. el weh 2o o] Wb diel SRAME  rpuehe F9 84 ewd Auglel 2P HEES

T 2xE Telste] Wiz 9 Bz X 253¥ gxg)

BN A Foh e Alele] 8weM e vt 2 npAuto 2 Peh, 7| R om BAo] ey AA bolE
(1) sl <17k g 7ow A% & o] 7Fed TEE AZEd] Lael
(@) & 29AF o183 2 2H 2713} Zo] AAH Aol Fesol & Riolh & AF vlojElzt
(3) 2= we A= 943 g BA Hlg W3 A= FEE olEgo] H|LEln Aol AXE
(@) AL dAA, 28 24 5 BE A ol o9z et 1 olf FUT FER A F

I A 2R daeE e ddsy) dielth s o)
oA S Bl ek A2l etk A & ) AAelde sE 27 2 % S AR Q8] tha

A 1A ek A aAdsh vEe] £ AbEHel MR ojefgo] gk th) wel F AR HAFAL SR Qs

ht £ wAFl gt a2 ofe(1)3h 2k e A=to] o Beke 7h7) ThE Seube] Q). s olg)

270e] & AH Abole] 7o) F& AAY sl W=

o] o527} AW Wk oL, E ThE el W=



24 Journal of The Korea Society of Computer and Information

—
o

A L
b

Fol £33] A =
=S FHsfelo} g

do ot
N
i

N
-
24

Vel & JJ’J
S A, BE GAelAE
u,H oﬂ /\Eﬂuag] XEJ
BEH A& oA ¥ FERge] JHed A4 gl
TR e Aol A& F 75 EagFe] d4lo
UMk 19 14%= Cameral®] 7Mde] & 71
Wl w2 7b wlge] AAYA 3 AelE: vEhd A
T e mEREAN2TL, UE aEA= 178t
U2 s “algA= 27ea Aot &A= 19 oF
A7 &= 29 v]3) 7] wie] wiEd= 19 Huse
of wpet wi&al= 29 w7} 7PFel F el A mstste]
Aapsith. 19 140X AT = R0l & 7] B&TF
%, A&z wah AA gate Aolr) ol AS &
t}.

oo pe R
o
o
N
N
o
N o
-
l'N
o,
]l
ofr
Ol
N

BN b
LI
ox
o
rE
g,
Sy
™
o
R
>
weh e
=)
[ D =) =)

;;

to

b W
m

K

ne, 9
4 A

xe

BRH M SA=2 X X0l

1700 (GB4ERPS)  ——1TIH (1414PPS)

—i (2546FFS)

10.00 928 B4 714 B26 549 482 423 371 325 285 250 219 193 169 148 130 114 100

Fig. 14. The position difference of magnification lens 2 by
zoom points

19 15 2§ 149 AA) Oif] el ghe Vo
A 2 &4 &9 CODE V& #A3 k2
[15][16] F%‘r =3 2

EE

[N}
[@2]
o~
D
)
)
w
N
HN
HU
E T
ot
_O‘L
rr
I
Ry
[
o
_Q
(@]
r
N
-
)
tlo
=
=

,_A
S
=
s}
J
wm

.0 i
HN
HU
-
ot
i
32

—— DTN CIRTT
o

WAVELENGTH WE IGHT

DIFFRAGTION MTF
30,0 1

Ihi FOSITION 1

DEFOCIS NG 0.00000

L L L i
T .0 i) B
SPATIAL FREQUENGY (GYGLES/MM)

(a)

VT
¥ do.o0 0,00 smoen) peioT
¥ t-s.a5.-8 2m) om bokissanel)

7 (6.0, 20) om 42000 14 i
¥ (s.aami0. 27 om 57000 1
§ tease.zr om

DIFFRACTION WTF =

Ihj FOSITION 12

TEFOCUS NG 000000

7
®SeuTIAL FREQUENGS (6YOLES /W)

(b)

——oTF
¥ (0.000,0.000) DES

UAVELENGTH  WEIGHT
4800,0 M 1
4200.0 M 1
3700.0 MY 1

DIFFRACTION WTF

POSITION 2

- EFOCTSTNE 000000
s \ T,
\\\ ez
* \
3
07 \
%
i \\
Qos R
i k-
L N
s
A e
T R
boa L
N e
- T,
‘\\ s
0.2 N
N
=T
s L i L [ L L O =55
B 55 7= 0.0 TZE =0 75 E =5 =0
SPATIAL FREQUENCY (GYCLES/MM)
— T T
1 ta0.0.000) e WAVELENGTH W1 GHT
s N e

¥ ta.123,-8.11) pEm
o
¥ (815, 115) pen

DIFFRAGT IO MTF 42000 NK 1

3700.0 NK 1

Ihi ROSITION 12

DEFOCUSTNG 0. 00000

z@ﬂfm
/ ;
/ §2

I I L I
75 ] D) 56
SPATIAL FREQUENGY (GYCLES /MM)

(d)

Fig. 15. The comparison of MTF (a) MTF(designed data)
(b) MTF(The number of zoom points:8, Velocity:2546PPS)
(c) MTF(The number of zoom points:17, Velocity:2546PPS)
(d) MTF(The number of zoom points:17, Velocity:1414PPS)




The design methods of Infrared Camera with Continuous zoom 25

[I. Conclusions

A& £ 7155 77 GagEElE CCDE B8 CMOSE 7}
kel th2 s spge] 542 A=) 277 A3, F HA
T ool Ar, &xd mzke 54 13 AA D A of
g0l k. 53] w87gnle] 7 T z7lo] Hlgof
Hlg] QW 2% 1k o5 gL A
ofabale] @), et ZBhd kel H]
3] Mg STE= AH]olt).,

uekx] B AAb= 2] AR A R AR AEs
npEro & A|2wl A FHA A, 71A A, AR A
WS AAFO RN Fgoluful Zh Foke] g Yoo Al B
o] A} girh. Eito] Ul-8-S QokstAtd Al SHS Jh|
g 27 9 $Fe 185 NUC By di=d vugs
A 741 oHOk Pﬂ% 384

2 g o
0?~

X
)

o

1o

o

_g

e

=

%N el

TE ) , o
shgo] uh2 BE AU, V7R 25d o 59
Fo 2 Q3 F AF Wl wE 2% WAl W, F il
oE S W gueFs e gt

dog HA wg Au| L NG FujolA 435 A
e ke to] wold Aotk 53] A% #2 AREARA
A&Ho R A ARG ALs)] F7] wfito] Boktol, VA&
of, FA okl A sHAl A8 = ok

REFERENCES

[1] Cheon-ho

high-resolution image acquisition," Journal of The Korea

Song "Applying tilt mechanism for
Society of Computer and Information, Vol.19, No.12 pp.
31-37, Dec. 2014.

[2] Joon-hwan Han "Novel Accuracy Enhancement Method

for  Absolute

TEC-LESS control in uncooled themal imaging," Journal

Temperature measurement using
of The Korea Society of Computer and Information,
Vol.17, No.12 pp. 41-47, Dec. 2012.

[3] Liu, T. and Li, X,,
tracking based on soft morphology Top-Hat and
SPRT-PMHT," Image and Signal Processing (CISP), 2010
3rd International Congress on, Vol.2, pp. 968-972, Oct.
2010.

[4] Chen Zhe, Duan Zongtao, Sun Zhaoyun, “ADV212-based

High Resolution Still Image Compression System Design,”

"Infrared small targets detection and

in Second International Conference on Information

Technology and Computer Science, pp. 170-173, Jul.

2010.

[5] Zhe Chen, Zong-Tao Duan, “DESIGN AND IMPLEMENT
OF HIGH RESOLUTION STILL IMAGE COMPRESSION
AND STORAGE SYSTEM,” in Proc. of the International
Conference on Wavelet Analysis and Pattern Recognition,
pp. 55-58, 11-14 July 2010.

[6] Byungin Choi,
Extraction of Corresponding—Points for Multi-Sensor
Image Fusion," Journal of the KIMST_Vol.12, no.4, pp.
524-531, Aug. 2009.

[7] Jungsoo Han "Real-Time Fixed Pattern Noise Suppression

"Automatic Image Registration Based on

using Hardware Neural Networks in Infrared Images
Based on DSP & FPGA," Journal of The Institute of
Electronics Engineers of Korea_Vol.46 CI, no.4, pp.
94-101, Jul. 2009.

[8] Byungin Choi, "Realistic infrared sequence generation
by physics-based infrared target modeling for infrared
search and track," Optical Engineering_Vol.49, no.11, pp.
116401-1-9, Nov. 2010.

[9] Jae Hyup Kim "Gunnery Classification Method using Shape
Feature of Profile and GMM," Journal of The Institute
of Electronics Engineers of Korea CI_Vol.48, no.5, pp.
470-477, Sep. 2011.

[10] Hong, Seok-min "Far-infrared second-generation IR
sight design,” Journal of the Optical Society of Korea,
Vol.16, no.3, pp. 209-215, Jun. 2005.

[11] Jung, Jun—ho "Study on the technique of uncooled infrared
detector Precision Control," Kyung Hee University
Master's Thesis, pp. 11-14, 2004.

[12] A. Rogalski, "Infrared Photon detectors versus thermal

detectors," Physics of Semiconductor Devices, pp.
754-761, 1998.

[13] R. A. Wood, "Monolithic Silicon Microbolometer Arrays,"
Uncooled Infrared Imaging Arrays and Systems, P. Kruse
and D. Skatrud, Editors, Semiconductors and
Semimetals, Academic Press, Vol. 47 pp. 43-121, 1997.

[14] Park Min-young "CMOS signal detection circuit for 32
X 32 uncooled infrared FPA," KAIST University Master's
Thesis, pp. 8-14, 2007.

[15] A. Rogalski, "Infrared detectors," Electro— component
science monographs, Gordon and Breach Science
Publishers Press., Vol. 10, pp. 12-14, 91, 2000.

[16] Han, Myung - Soo "Uncooled pyroelectric infrared

detector," Electrical and Electronic Materials, Vol. 17,
No.2, pp. 30-38, Feb. 2004.

[17] Lee, Jae-il "The new NUC method proposal considering

characteristics of internal

the infrared system



26 Journal of The Korea Society of Computer and Information

temperature changes, and H/W implemen -tation," Sae
Mulli 11 Master's thesis, pp. 269, 274, 2000.

Seok Hyeon Son received the B.S.
degrees in  Electrical Electronics
Enineering from Chung Ang
University, Korea, in 2009.

Mr. Son joined the Image Sensor

Team of Hanwha Systems, Korea, in

2009. He is currently a Engineer in the Electro-optics
- PGM R&D Site, Hanwha systems. He is interested in

Infra-red Image Processing.



