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Autofocusing Mechanism of a Triple-Magnification Infrared System
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The optics used in an infrared imaging system has a strong refractive-index change according to temperature, so an autofocus
control function is essential for a military infrared imaging system with a wide operating-temperature range. In this study, we
design a triple-magnification infrared imaging system, and to compensate for the change in refractive index according to
temperature we measure the change in the lens focus according to temperature. The autofocus control function was implemented

by using the measured movement amount, and we could obtain an image with satisfactory resolution performance over a wide
range of operating temperatures.
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Table 1. Design requirements of IR optical system

Specification Value
Wavelength range 3.7-4.8 um
Sensor array format 1280 x 1024
Sensor pixel size 15 pm x 15 um
Sensor size 19.2 mm x 15.36 mm
F-number /5.5

874 mm (NFOV)
264 mm (MFOV)

53 mm (WFOV)
1.25° x 1.00° (NFOV)
4.10° x 3.28° (MFOV)

20.00° x 16.00° (WFOV)

Focus length

Field of view (FOV)

Remove

Mirror 2 insert : Narrow field
remove : Wide field

Fig. 1. Optical layout.
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Fig. 2. Optical layout of NFOV and MFOV IR paths.

Mirror2

Fig. 3. Optical layout of WFOV IR path.

Diffraction MTF
TADS_NFOV

- P Dif Limit
~F1: X Dif. Limit

—F1:Y (RIH) (0.000, 0.000) mm

~~F1: X (RIH) (0.000, 0.000) mm

—F2:Y (RIH) (0.000, -7.660) mm
~-F2: X (RIH) (0.000, -7.680) mm
—F3:Y (RIH) (9.600, 0.000) mm

~~F3: X (RIH) (9.600, 0.000) mm

—F4:Y (RIH) (8600, 7.880) mm

~-F4 X (RIH) (3.600, 7.680) mm

—F&:Y (RIH) (9.600, -7.680) mm
= =F5: X (RIH) (9.600, -7.680) mm
—F&: Y (RIH) (:8.600, 7.660) mm
-~ F6: X (RIH) (-9.600, 7.680) mm
—F7:Y (RIH) (-9.600, -7.630) mm
02 --F7: X (RIH) (-9,600, -7.880) mm
—F&Y (RIH) (0.000, 7.630) mm

0.1 ~~F8: X (RIH) (0.000, 7.680) mm

—F9:Y (RIH) (-9.600, 0.000) mm
o --F8: X (RIH) (:8.600, 0.000) mm

12 3 & & & 7 & & 1 1 12 13 1

Modulation

Spatial Frequency (cyclesimm)

Fig. 4. MTF of NFOV.
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Diffraction MTF
TADS_MFOV

F1: ¥ DIft. Limit
- F1: XDift. Limit

— F1: Y (RIH) (0.000, 0.000) mm
-~ F1: X (RIH) (0.000, 0.000) mm
— F2: Y (RIH) (0.000, -7.680) mm
- - F2: X (RIH) (0.000, -7.680) mm
— F3:Y (RIH) (9,600, 0.000) mm
-~ F3: X (RIH) (9.600, 0.000) mm
— F4:Y (RIH) (9.600, 7.680) mm
- - F4: X (RIH) (3,600, 7.680) mm
— F5: Y (RIH) (9,600, -7.680) mm

Modulation

-~ F5: X (RIH) (2,600, -7.650) mm
— F6: ¥ (RIH) (-2.600, 7.630) mm
03 - -F6: X (RIH) (-3.600, 7.630) mm
— F7: Y (RIH) (-8:600, -7.680) mm
02 - -FT: X (RIH) (:8.600, -7.680) mm
— F8: ¥ (RIH) (0.000, 7.680) mm
01 - F8: X (RIH) (0.000, 7.660) mm
— F9Y (RIH) (-8:600, 0.000) mm
3 - *F9 X (RIH) (-8.600, 0.000) mm
12 3 4 s 6 7 &8 8 0 1N 12 13 14

Spatial Frequency (cyclesimm)

Fig. 5. MTF of MFOV.

Diffraction MTF
TADS_WFOV

F1: Y DIft. Limit
= F1: XDiff. imit

— F1: Y (RIH) (0.000, 0.000) mm
-~ F1: X (RIH) (0.000, 0.000) mm
— F2:Y (RIH) (0.000, -7.630) mm
-~ F2: X (RIH) (0.000, -7.680) mm
— F3: Y (RIH) (9.600, 0.000) mm

> ==

s -~ F3: X (RIH) (9.600, 0.000) mm
E s — F4: Y (RIH) (9.600, 7.680) mm
2 -+ F4: X (RIH) (9,500, 7.680) mm
= — F5: ¥ (RIH) (5,600, -7.680) mm
o - P& X (RIH) (9,600, 7.680) mm

— Fé: Y (RIM) (-8.600, 7.680) mm

03 - *F6: X (RIH) (-2.600, 7.630) mm

— F7. ¥ (RIH) (-9.600, -7.680) mm

02 ~~ FT: X (RIH) (-8.600, -7.680) mm

— FE&: ¥ (RIH) (0.000, 7.680) mm

01 - F8 X (RIH) (0.000, 7.680) mm

— FS: Y (RIH) (-2.600,0.000) mm

o - F8: X (RIH) (-8.600, 0.000) mm

o 1 2 3 4 5 & 1 & & 1 1 12 135 14
Spatial Frequency (cyclesimm)
by

Fig. 6. MTF of WFOV.

2.2. H|E= 24

AL FA Azl AHE= AR Ge, Si, ZnS &
o2 2o mg =dE HePt Avkes wido] Qdrk 1
A AAE O] FBIgE f-EuEke] ofeloflA F2 AMEE= A
A G Aol B AvY s FAE Hste] widst
HA o] dasit wds} B R 7IAE 554 e
283k Aule 712 e adE flstol =24 Hl=et

B 925 WelS olgslo] o|FelES HAYL H9w o]
2 Bgsto] MTF 4ol 948 5 ws uldsl vy
e,

A F Ge WA A4xa) 58x107/°C, &
& W32 396 x 10°/°C, Si A A<= 25.5 x 107/°C,

HE WEE 150 x 10°°C , ZnSS A A4 65 x 107/
°C, 2HE Wgke 543 x10°°C, % AFL AW A5
234x107/°C9] 7S QlFela, =4 A= 2 ujE A=o] ¢

210 & MTF A5 HEkE S48t ol H|gE} Al&d
old Ait=S 9 & USlth

HAA Adefoll A 2= fﬂr% A= olgds 19 7S &
3 RI3F 4= 9t} g ARE oF -0.6~0.6 mm HE AF
o7 olFAl7|aL, 27 %ﬂzt 0.1 mm o= Ul*ﬂi;ﬁ%
B8l -35~71°C %= WA 3t s FAVF 7FesteE

ahoe.

R

Ahgs et

[e)

i)

i

0.60
040
0:20
————yp
40 60 80

Movement Amount{mm)
f=3]
[ =]

Temperature(°C)
—e—Magnification Lens ~ ——#=—Focus Lens

Fig. 7. Athermalization data of narrow field-of-view.
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Fig. 8. Athermalization data of medium field-of-view.
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Fig. 9. Athermalization data of wide field-of-view.
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Table 2. Athermalization table

Tempe- Narrow FOV Mid FOV ;V(;C\lf
rature
°C] Magnification | Focus | Magnification | Focus | Focus
lens lens lens lens lens
-35 -0.55 -0.055 0.5 -0.517 | -0.638
-30 -0.5 -0.044 0.45 -0.473 | -0.583
-20 -0.4 -0.033 0.35 -0.385 | -0.462
-10 -0.3 -0.022 0.25 -0.297 | -0.352
0 -0.2 -0.011 0.15 -0.209 | -0.231
10 -0.1 0 0.1 -0.132 | -0.121
20 0 0 0 0 0
30 0.1 0.011 -0.1 0 0.11
40 0.2 0.011 -0.25 0 0.22
50 0.3 0.022 -0.35 0 0.341
60 0.4 0 -0.5 0 0.451
71 0.55 -0.011 -0.65 0 0.583
Vrer ..

L Vi,, Raf Bon
iy o R
=K — =k

TRy R Ry -
Fig. 10. Amplifier for temperature sensor.
Fig. 11. Lens driving assembly.
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H/W Initialization

Yes
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Auto focusing

Send result

Fig. 12. Active diagram for software of the optics driving board.
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Table 3. Specification of the collimator

Specification Value
Focal length (mm) 3000 mm
Aperture (mm) 300 mm
Weight (kg) 300 kg

7 cy/mrad (NFOV)
2 cy/mrad (MFOV)
0.5 cy/mrad (WFOV)

Target resolution (cy/mrad)

Temperature Chamber

Pawer, | Power RS-422
| Serial comm |

Fig. 13. Setting for athermalization test.
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Fig. 14. Athermalization test data of wide field-of-view.
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Fig. 16. Athermalization test data of narrow field-of-view.
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Fig. 17. Before & after autofocusing image of wide FOV at
-35°C.

m lIl'm

Fig. 18. Before & after autofocusing image of mid FOV at
-35°C.

Fig. 19. Before & after autofocusing image of narrow FOV at
-35°C.

« U

Fig. 20. Before & after autofocusing image of wide FOV at
71°C.

A

Fig. 21. Before & after autofocusing image of mid FOV at 71°C.

Fig. 22. Before & after autofocusing image of narrow FOV at
71°C.
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