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Table 1. Specification of anamorphic system

Spec. CCTV Camera Anamorphic system
(BW58J-1000)
EFL 6mm 12 mm(Y), 36 mm(X)
Lens construction 4G 5G
Fno 1.8 4
Sensor size 1/3"(640 x 480) 1/1.5"(640 x 480)
Pixel size 7.5 pum 15 pm
Wave length 0.40 t)m61’6 (Lf: pm, | 4.8 p3m7, :tri pm,
Overall length 15.3 mm Under 100 mm
MTF (atO ggrlifn?;l) (atO ;grlifn?;l)
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Fig. 2. Drawing of anamorphic system.

Table 2. The optical properties

EFL Y 12.00 mm
EFL_X 36.00 mm
BFL 24.10 mm
FFL 33.60 mm
Fno 4.0
OAL 76 mm
HFOV Y 24.10°
HFOV_X 5.62°
ENP DIA 8.84 mm
ENP THI 39.56 mm
EXP DIA 17.82 mm
EXP THI —0.07 mm
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Fig. 3. Field curve of thermal optical system.
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Fig. 4. Ray aberration of thermal optical system.
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Table 3. Analysis of detection range

Range(km)
Prol();)b)ility Detection Recognition Identification
A B A B A B
0.1 - 297 1.73 1.02 1.18 0.71
0.2 4.03 2.43 1.41 0.84 | 096 | 057
0.3 356 | 2.13 1.23 0.73 0.84 | 0.51
0.4 3.20 1.91 1.11 0.65 0.75 0.45
0.5 2.90 1.73 099 | 058 | 0.68 | 0.39
0.6 2.62 1.56 | 0.89 | 0.52 | 0.60 | 0.34
0.7 2.35 1.40 | 0.80 | 046 | 0.53 0.30
0.8 2.06 122 | 069 | 040 | 046 | 0.26
0.9 1.68 | 099 | 0.55 029 | 036 | 0.21

Table 4. Analysis of narcissus

Reflecting surface Narcissus intensity ratio
1 0.4782
2 0.4244
3 0.3892
4 1.0000
5 0.8395
6 0.3127
7 0.6434
8 0.6543
9 0.2920
10 0.0583
11 0.6075
12 0.6454

H (identification) 02 A Bl asksich.

It cCTVe FAAZ7F 0.8 kmlH] HIE, offg]
A=E 28312 &2 G B FAATE 0.5%
oA 1.73 kmSth. & =AM AAIG ofpE Y A=E
ALl AAIS 4 FEHA M= 2.90 kmZE ] UAE]
M AAE 5 oS RIS XA 2 2 A
% ol =g AGaix AAS I FEAV ¢
AZZA JAAE 5 UeS & 5 ATk

Table 40l 25334 F2& Sl A= 72} W] LEA|A
25 At YERIT. Y2AIM S E4 TS 9
d30] 3700 nm~4800 nm ©]al, detector®] &=+ —195.9°C
(773 K), FAE 748 F JEF 7172 housing?
scene background &% 20 °C(293.2 K)Z 3}4.2.H cold

stop-2 AHH QHHQl 15 )3, cold stop diameters 4.8
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Table 5. Analysis of magnification & sensitivity

Table 6. Change of BFL for temperature variation

Lens Magnification Sensitivity
Gl 1.000(m,) 1.000
G2 0.1236(m,) 0.2364
G3 2.2930(ms) —-0.1944
G4 1.0344(m,) -0.0030
G5 —0.2066(ms) 0.9573

mm©| ™, scene full angular subtense= 0.25131 rad, Ho
HIARS-E 1% 71502 A8 oh g =5 AL
3A] e BEA Y] YEAINAE 1, 2, 4, 5, 8W 9]
1°]e.H, NITD
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Ak ZF WOl NIR §H3F gho] S5 UEAIAM 27} Hol
HRRITHE A1S 9W|3T) NITDZES 1.9452 4, o] 22
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o]7] JaliA ohfrT A=E g3l YZA|A 29 F
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79 NITDE= 43k 1.666 °CHaL, 488 A3
H2 WES] NIRgEe] 7hAash3dth.

Military TF2(MIE-810E)°l] W&} —32°C~55°C &=
3} A] BFL(back focal length) 3} 23} H| L3}
= golalin). &5o w2 BFL WH3le BA} dl=o] A
g 7] suie] dl= Zzhe) wis-S Alkkete] wiso] =
2 AN=E et 24t A= wj&3) V=g Alklst
o] Table 51 A|AISFATH

1 @lze) wjgo] g AAR R 2 ez
A BgAtel] RAgtald). 2 A=e) 3 A=E YR
X529 50| AE t27] wZo] o]FA] F5o] EolA]
alde o] Asprt ¢ HERE wiAE. 49 W=} sH
A= 25 ARl ot Izt 45 BFL W3t u}
2 BARte] o)F o] Hoxez 41 sll=e} s A=
SRS FAsIAT 1 A% s A=V 4 dl=Roh
=7} 7] wjiol sHA A=2E BRI Mg steiT)

NIR(narcissus intensity ratio)%}: o]

Table 691 25=0l] u}2 BFL W3l & o] 53 ARSI,

SHA A= %o wE BFL W3lES AAksle] o]
&S T MTF 3188 g1ttt Table 704 Be A
A HA 32 °CcolA B MTF 312832 331 p/mmol]
A XHFEFS 10% 1)k o] om, YHEFE 20% wwhe] vt
L SES Bt sHA A=g BAE & MTFE 331
pmmol A XHaFa YEF B FEz70] 25%0]79]
MTFE Zk= s g2l
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Temperature BFL Variation G5 ngzn(;istance
-32°C 0.1663 0.1737
—30°C 0.1599 0.1670
—25°C 0.1438 0.1502
—20°C 0.1277 0.1334
-15°C 0.1117 0.1166
-10°C 0.0957 0.0999
-5°C 0.0797 0.0832

0°C 0.0637 0.0665
5°C 0.0477 0.0499
10°C 0.0318 0.0332
15°C 0.0159 0.0166
20°C 0 0

25°C -0.0159 -0.0166
30°C -0.0317 ~0.0331
35°C -0.0476 -0.0497
40°C ~0.0634 -0.0662
45°C -0.0792 -0.0827
50°C ~0.0949 -0.0992
55°C —0.1107 -0.1157

Table 7. Comparison of MTF for temperature variation

Before After
X Y X Y
—32°C  |Under 10% | Under 20% | Over 25% | Over 30%
55°C Under 10% | Under 20% | Over 25% | Over 30%

Temperature

7 =

Y

TS =AY CCTVe} B8 Adsol 2= 4
AL} o m Y A=2E H835 I FAE LAS
Atk AAS ol EY dAF FEAS] HAEL 76 mm=,
TS 2o F HAS oY JM=E A8 ge
G338 9] AAo] 90 mmel AT Bl wj A]2~H)
ZREARl Ba7} 7HAge It T A FAbE 2
pixel 7R h A Ve O f5pRE 10% o=
CCTVEOZ ALg3l=d| A3st A5s Byt 3443}
] TE-0) 3319] 2 pixel 7] Qo] Eo0)2-S Fela}
Att. MTF 4 A3, 370531 331 p/mmeollA] full field
THA 25% oS Bl T4 218 TS
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Design Anamorphic Lens Thermal Optical System that
Focal Length Ratio is 3:1

Se-Jin Kim, Jung-Hui Ko™ and Hyeon-Seon Lim™*

Department of Visual Optics, Baekseok University
*Samsung Electronics, Digital Imaging Division
**Department of Ophthalmic Optics, Gangdong University
(Received November 18, 2011: Revised December 15, 2011: Accepted December 17, 2011)

Purpose: To design applied anamorphic lens that focal length ratio is 3:1 optical system to improve detecting
distance. Methods: We defined a boundary condition as 50°~60° for viewing angle, horizontal direction 36mm,
vertical direction 12 mm for focal length, f-number 4, 15 pm x 15 pm for pixel size and limit resolution 25% in
331 p/mm. Si, ZnS and ZnSe as a materials were used and 4.8 um, 4.2 pum, 3.7 pm as a wavelength were set.
optical performance with detection distance, narcissus and athermalization in designed camera were analyzed.
Results: F-number 4, y direction 12 mm and x direction 36 mm for focal length of the thermal optical system
were satisfied. Total length of the system was 76 mm so that an overall volume of the system was reduced.
Astigmatism and spherical aberration was within +0.10 which was less than 2 pixel size. Distortion was within
10% so there was no matter to use as a thermal optical camera. MTF performance for the system was over 25%
from 331 p/mm to full field so it was satisfied with the boundary condition. Designed optical system was able to
detect up to 2.9 km and reduce a diffused image by decreasing a narcissus value from all surfaces except the 4th
surface. From sensitivity analysis, MTF resolution was increased on changing temperature with the 5th lens
which was assumed as compensation. Conclusions: Designed optical system which used anamorphic lens was
satisfied with boundary condition. an increasing resolution with temperature, longer detecting distance and
decreasing of narcissus were verified.

Key words: Anamorphic lens, Thermal optical system, Focal length, Detection range, Narcissus, Athermalization
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