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MTF Measurement Method For Infrared Dual-Mirror-Refracted Optical System
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Abstract: To compress their total length, infrared thermal imagers commonly have a double-reflector folded
layout (U-shaped) and a box-shaped shell. Existing transmission instruments can only measure the
modulation transfer function (MTF) of optical systems with a non-folded (straight) layout owing to the
inability of the transmission instrument to receive the image plane of U-shaped optical systems. To solve this
problem, this study used the pupil connection method and designed and processed a relay lens group to direct
the image plane of the U-shaped optical system. The MTF of the U-shaped optical system was calculated by
measuring the MTF of the combined system, thereby solving the MTF measurement problem. Six infrared
thermal imagers of the same model were used to verify the measurement method. After eliminating the
interference factors affecting the measurements, the MTF of the U-shaped optical system was calculated by
measuring the MTF of the combined system. During measurement, the the U-shaped optical system MTF of
infrared thermal imagers 5 and 6 decreased significantly. Using an infrared center-deviation measuring
instrument, it was found that the center deviations of the third and fourth lenses were relatively large.
Therefore, they were reinstalled and controlled, resulting in a significant improvement in the MTF of the
U-shaped optical system. This method provides a new approach for MTF measurement and performance
improvement in U-shaped optical systems.
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Fig.1 Layout diagram of U-shaped infrared optical system
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Fig.2 Schematic diagram of opto mechanical structure of

infrared thermal imager
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Table 1 Technical indicators requirements

U-shaped infrared

Relay lens group
optical system
Working band/um 3-5 3-5
F# or NA 0.2 3
Magnification 1%
Object height/mm 12
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Fig.3 Schematic diagram of relay lens group
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Fig.8 Auxiliary lens

oo G
s 28
i

i i i i i i i 1
b1l 18 2 2 24 *® B EY

( b) é,d:.: ﬁ] @ Spatial Frequency (ipjmm)
(b) Structural diagram

Ko HliBheki MTF JIl&1H
Fig.9 The measured value of MTF for Auxiliary lens
RJE, %K 10 Pros, BHEBESk. RSEAM
kR N —NMAE RS T, 3T MTF &,
DA 11 fos .

(c) ZHREA
(c) Installation diagram
K7 hakBrd g5 vt

Fig.7 Structural diagram of relay lens group

3 HYRRLE MTF U E 10 MaRS D RER
TE PR 2H 5 R TSR LU, 52 & MTF, i Fig.10 Diagram of combination system I

DA BT A 75 6 2 e RO R 2R . [RIRESR T 46 '
R, R —ANEBE SRR — AN B, o
Kl 8, gk —NMAA RS [, ki
T 5, REME RS R4 1 1 MTF, HitH
R 4k B4 MTF,.

e, TEAL R EA RSBk MTF, "~
BARIWE 9 Fior, FIAEEBNE L MTF B2 fiT4f ol
MR, MEREW 2 Wi E R, WSS E ARG o

i i i i ' i i i
pul 12 14 16 18 20 22 24 ES P 30
Spatial Frequency (lp/mm)

MTF Jil & fad e, BB/ xR 45 R, IR
“LIE%&%E"JE‘%‘I‘%O @ 11 éﬂ%/z%gf I E,:] MTF ?ﬂﬂi{ﬁ
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% 2 Theoretical and measured values of MTFr for relay lens group

Frequency/ M
The measured value of MTF ~ The measured value of MTF for Calculated value of MTF for  Theoretical value of MTF for
(Ip/mem) for Auxiliary lens combination system [ relay lens group relay lens group
0 1.0 1.0 1.0 1.0
5 0.96 0.89 0.92 0.93
10 0.93 0.82 0.86 0.88
15 0.88 0.72 0.80 0.82
20 0.85 0.66 0.73 0.77
25 0.82 0.57 0.66 0.70
30 0.79 0.52 0.60 0.67
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Fig.13  Align the installation benchmark of infrared thermal imager and transmitter
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#* 3 The measured value of MTF. for 6 Combination System
Frequency
Order
Slp/mm 10lp/mm 15lp/mm  20lp/mm  25lp/mm  30lp/mm
1# 0.73 0.5 0.38 0.326 0.28 0.241
2# 0.72 0.48 0.35 0.28 0.25 0.22
3# 0.71 0.483 0.35 0.277 0.22 0.188
4# 0.71 0.46 0.35 0.26 0.22 0.18
5# 0.6 0.298 0.21 0.166 0.14 0.125
6# 0.65 0.395 0.25 0.155 0.1 0.07
B4 AR U BLAME S RS MTE W (4 U BZLAM % &R 5 MTF B E K 16.
#* 4 The measured value of MTF for U-shaped infrared optical 1
0.9
system 0.8
/(ip/mm) 06
Frequenc mm 206
Order aneneytp 205
10 15 20 25 30 8 04
=03
1# 0.777 0.581 0.475 0.453 0424 0.402 8-?
2# 0.766  0.558 0.438 0.389 0.379 0.367 00 5 4 6 & 10 12 1a 16 18 20 22 24 26 28 30
3# 0.755 0.562 0.438 0.385 0.333 0313 Spatial Frequency (cycles/mm)
4# 0.755 0.535 0438 0.361 0333 0.300 K16 U RLIMEE RGN MTF B {E
S# 0.638 0.347 0.263 0.231 0.212 0.208 Fig.16 Theoretical value of MTF for U-shaped infrared optical
6# 0.691 0459 0.313 0.215 0.152 0.117 system

U BLDAM62% R G MTF 100 &0 A 2
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% 5 Center deviation of each lens for Infrared thermal imager

Center deviation /um

Lens Order
St (i:

1 5 3
First lens

2 8 5

3 8 11
Second lens

4 10 6

5 33 22
Third lens

6 56 38

7 24 54
Fourth lens

8 18 46

9 9 7
Fifth lens

10 6 9

11 10 8
Sixth lens

12 3 5
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% 6 The measured value of MTF for U-shaped infrared optical
system After reinstallation and adjustment (5#. 6# Infrared

thermal imager)

Frequency/(lp/mm)
Order
10 15 20 25 30
S# 0.761 0.575 0.442 0386 0342 0315
o# 0.760 0.58 0.438 0.372 0337 0.306
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