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Wide—angle optical design using high-resolution uncooled thermal detector

Jonghoon Lee*

Abstract

In this paper, we propose efficient design and construction of an infrared wide angle optical system
with low distortion utilizing a high resolution detector for automobile application. The operational
convenience and the recognition ability have been improved significantly by applying the high resolution
uncooled thermal detector with wide angle optical design. The active ahtermalization mechanism is
implemented so that the adjustment of the optical component of the system is to be made automatically
according to the temperature change by motorized control. The modulation transfer function (MTF) is
about 50% at the Nyquist frequency close the diffraction limit. The distortion is less than 5% at the edge
field. As a result, a high-resolution uncooled thermal optical system with wide field of view (FOV) is
assembled, aligned and its performance is tested successfully.
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Fig. 2. The image comparison according to the
detector resolution
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Table 1. The comparison of system specifications between
previously designed optical system and the newly designed
optical system

i Previously Newly
Optical System Optical System
Wavelength 8.0um~12um 8.0um~12um
50° >100°
Fov (diagonal) (diagonal)
Detector 320%240 1024x768
Resolution
Pixel Pitch 45um 17um
Cooling system Uncooled Uncooled
o Lens Active
Athermalization Athermalization Athermalization
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Table 2. The specification of the detector

Iltem Value
Wavelength 8.0um~12um
Technology Microbolometer
Rzzt;agn 1024x768
Pixel Pitch 17um

Cooling system Uncooled

FEA A= WA F-numberE 4383t F-numbers=
FEAC] 5 Yehle AR e dEA= a7)9
Ao} ALk F-number7} 25 Y& 3
A oushH, & FEAE F-numberg 1.02.2 4-83}o]
o ‘?:LOFE—%_‘ T A sklek 283 st 8

" o] W FOV(Field Of View)
of Aue] A48 Al frElaA wEt we 37
1 QHET‘(}_ JJrELxJ o= E/K]— ].oq g;q

T= EC]—/\I% /\Eﬂnaz /\}_&3],04 x]_Eo
o] o
T

Temperature leference, HArEH7ls223), o5 MRTD)
= 3 Aol E/9e] 4 bar 4 He] F A3} ) A 7o
Lex 7‘(]_0]_3_ L]—E]—LHEL /‘j%gi /\],al‘j-o] AHE 22 0] = _b;;q]i

e A

A= MRTD %S #4351, o& If
Table 3. & # <A

Table 3. The target specifications

ltem Value
Wavelength 8.0um~12um
F/# 1.0
FOV >100° (diagonal)
Distortion <7%
Transmittance 85%

Athermaliztaion Active Athermalization

Temperature -30C~65C
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Fig. 3. 3D layout of optical system
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2. The athermalization mechanism
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3. The measurement and evaluation of the
system performance
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Fig. 8. The FOV and MRTD measurement
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Table 4. The Distortion according to the fields

: FOV(°) Distortion(%)
Field
+ = a4 = Average
0 0 0 0 0 0
0.1 6.427 6.397 0.74 0.26 0.50
0.2 12.684 12.657 0.62 0.41 0.51
0.3 18.777 18.711 1.26 0.90 1.08
0.4 24.581 24.513 2.01 1.73 1.87
0.5 30.151 29.972 3.23 2.61 2.92
0.6 35.196 34.952 3.95 3.23 3.59
0.7 39.789 39.494 4.57 3.79 4.18
0.8 43.861 43.565 4.90 4.19 4.54
0.9 47.478 47.166 5.08 4.39 4.74
1 50.567 50.201 4.93 417 4.55
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0 0.055
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Fig. 11. The city driving view of the previously designed
optical system

Fig. 12. The city driving view of newly designed optical system

Fig. 13. The mountain driving view of previously
designed optical system

Fig. 14. The mountain driving view of newly designed
optical system
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