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Laser Dynamic Testing Method for Swing Angle of Scanning Mirror
of Infrared Earth Sensor
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Abstract: In order to settle the problem of real-time and dynamic non-contact measuring the swing angle of
scanning mirror, a method of laser dynamically measuring swing angle of scanning mirror for the infrared earth
sensor based on laser measuring technology and CCD detecting technology is presented. System for dynamically
measuring swing angle of scanning mirror is developed, which can accomplish the dynamic and static laser non-
contact measurement for the parameters of scanning mirror which are swing frequency, angle of zero position,
amplitude value, average of peak values, etc. The composition and overall structure of system is introduced.
Emphasis on analyzing and discussing the theory of dynamically measuring swing angle of scanning mirror, the
method of design for large field of view, large relative aperture and special linear scanning optical system, the
problems of error correction for measured data and graph manipulation are settled by established mathematic model of
the system. The accuracy of measurement system is verified by experiment, the results indicated that measurement
range of system for swing angle is 0°~112°, distinguishing ability of the system is 0.01°, accuracy of dynamic and
static measurement is less than £0.04°, this method of dynamically measuring swing angle is suitable.

Key words: optical instrumentation; dynamic testing for the swing angle of scanning mirror; laser non-contact

measurement; swing scanning-type infrared earth sensor
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Fig. 1 Overall structure schematics of dynamic measuring
system for swing angle of scanning mirror
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Fig. 2 Principle of the measuring system
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Fig. 3 Principle of correcting system errors
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Fig. 4 Optical path of scanning receiving optical system

for different angle of vision
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Fig. 5 Meridional ray aberration curve of scanning receiving optical system. (a) Spherical aberration curve,

(b) curvature and distortion curves
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Fig. 6 Outline of optical probe. (a) Optical axis is not superposition to reflective ray, (b) optical axis is superposition

to reflective ray
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Table 1 Calculated results for swing angle measurement error of scanning mirror

Swing angle of scanning Field of , . ;.
. . ) . ho/mm h./mm h’./mm Ag./ (%) Dp/ ()
mirror 2¢ /(*) view ¢ /(%)
+12 +24 +17. 4891 +17.2571 +17. 4210 +0. 1415 +0. 041
+10 +20 +14. 2971 +14.1927 +14. 3275 +0.0673 +0.020
+5 +10 +6.9263 +6. 8875 +6.9529 +0. 0275 =+0.019
+3 +6 +4.1286 +4.1199 +4.1590 +0.0063 +0.022
0 0 0 0 0 0 0
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Table 2 Measuring error for the two rays a and b at different swing angle of scanning mirror on the CCD imaging plane

Swing angle of scanning Field of

Deviation between Measurement errors

h./mm hy,/mm
mirror 2¢ /(*) view w /(%) the two rays /mm Agp /(%)
+12 +24 +17.2731 +17.2105 +0.0626 +0.0383
+10 +20 +14.2222 +14.1436 +0.0786 +0. 0507
+5 +10 +6.9782 +6.9493 +0.0289 +0.0243
+3 +6 +4,1717 +4.1610 +0.0107 +0.0077
0 0 +0. 0002 +0. 0002 +0. 0004 +0. 0003
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Table 3 Data and results of static measurement accuracy for the system

Angle of positive direction

Angle of negative direction

Rotation angle /(°) Measured value /(%) Error /(%) Rotation angle /(°) Measured value /(%) Error /(%)
0.00 0.01 0.01 0.00 0.01 0.01
1. 00 1.03 0.03 —1.00 —1.02 —0.02
3.00 3.01 0.01 —3.00 —2.98 0.02
6. 50 6. 50 0. 00 —6.50 —6. 46 0.04
10. 00 9.96 —0.04 —10. 00 —10.03 —0.03
12.00 12.01 0.01 —12.00 —12.02 —0.02

6.2 REHTHENR

J1 e ALK Sl e, Y5 K 3l 41 i B o EL A B e AR T AT I Y R R A B e E R R 2 22, [R] I & 6 000 ) R
ARSI B P G I A B, BT A B 22 B O 2 2 SO o G e e 3SR M 22 22 K P 4 SR AT X
L, iE 2 Z B8 RGEERM BB IRE, SRR 4 iR,



880 pi ¥ ¥ {5 27 %
4 FRIBMEABERESER
Table 4 Data and results of dynamic measurement accuracy for the system
The measured values of the peak values difference of swing angle for its system /(%) 5.95 11.00
The measured values of the peak values difference of swing angle for theodolite /(*) 5.96 11.01
Dynamic measurement error of swing angle /(%) —0.01 —0.01
6.3 REHZERMR ML 10
F2 50 10 1 3 T A6 0 o L S K i ~ o
Sh A TR £ AT 8~ I8 10 B !
g 2 /
10 e ()
—~ =}
e of 2 —4
2 4y = 6}
2 2 -8
@
o 0 -10 . . .
E 21 0 01 02 03 0.4 0.5 0.6 0.7 0.8
7 _4 Time /s
g .0 10 T
£ -of ol T Ml
81 i |
ol & 6 j \ I
0 01 02 03 04 05 06 07 08 3 4 | ‘ .
Time /s %f 2 | ! i
@ 0 \ | \ “
8 TR £ | .
Fig. 8 Zero-position measurement curve of § :i / ]
scanning mirror —13 ") } / | | / | \/
10 o — 0 0l 02 03 04 05 06 07 08
gl (a) Position of positive limit Time /s
e 6t .
< 4] B 10 HAHEsEMKML. (MK 4 Heo i £6.5°,
g 24 (b3 10 Hz, fJE+10°
o0 0 . . . .
é ol Fig. 10 Dynamic measurement curve of scanning mirror.
%—4 H (a) Frequency 4 Hz, the angle of limit £6. 5°,
= :g (b) frequency 10 Hz, the angle of limit £10°
-1 . . . X , > 1
00 0.1 02 03 04 05 06 07 08
Time /s 7 Q:I: i/t\»
10 : . . . - - N 3
8 (b) Position of negative limit kE 'L'IZ'I T— ﬁz ;EI #‘% %ﬁ &Jlﬁsz i ZLJ ﬁjf@i %
< BRI T SR A S A W IR R G, S0 T RS
) L
2 2 AEMREEAND BB EEMIE. &It
g RGO ¥ R AT T 4050 3R U 28 71
24 A RMRSTR R &, &S RAZ A AL E
-6
= ACH R A L T R T 30 B AR A RO I B 2R
-10

04 05 06 07 08
Time /s

B o B S Tl %
Fig. 9 Static measurement curve of scanning mirror
LE AR MM A LR, AWEEA SN
ARG EBETEY 0~+£12°, 47 B F125 0. 01%, 3f
HAWERE /DT 0. 04°, K5 HE 7 Hr 487 4
£ DB RG] IT EVAL B i s 1 1 B 4 A S )
4 A8 1 T 2K

0 01 02 03

HREMRREEE, RATHENRENMES B
IEFAR i B R R 2 A MERCH T, R R
X R G IR 2 HATE IE -5 AME B0E 5 R T 2 5
P2 BT A A X INIR R S sh B S IR E AT B
ELRIE T RERENER,

H# G Z A SN R RG], o Bk GUR
BN HRELNENSE, VEURSHBEN B R
GO RMETREERE. TREREN, ZWMLRSE
I B YE A 0~212°, 0 B3k 0. 01°, SRS I



5 33 KEES: LM HBRBURE I SR A BOE S BT 881

BAEE/NT£0.04°,

2 £ X W

1 Tu Shancheng, Bao Bairong. Satellitic Posture dynamics and
Control [M]. Beijing; Space Navigation press, 2003. 58 ~121
(in Chinese)

BEwR . MEE. LERSHAFSEHIM]L LR FhHHK
#1,2003. 58~121

2 Jiang Benhe, Cheng Wenyi, Hu Wenfei ¢ al.. Mini-angle
measurement using CCD and laser-collimation [ J]. Laser &
Infrared, 1998, 28(4); 233~235 (in Chinese)

VAT, BROCR, W03 4. IBOLYE B K CCD A #Y /> 5 B2
BEG]. #kbesh, 1998, 28(4); 233~235

3 Wang Mao. Method to adjust the parameters of error
compensation for the angle measurement systems with high
accuracy[J . J. Apparatus and Instrument, 2000, 21(4) ; 395~
398 (in Chinese)

T X AREAMNBENERGRENESERRXTEI]L &
B AT, 2000, 21(4); 395~398

4 Pu Zhaobang, Tao Wei, Zhang Zhuo. Angle measurement with
optical methods[J]. Optical Technique, 2002, 28(2): 168~171
(in Chinese)

WHEP.E T.% K AENERLEFBEI] LERERK,
2002, 28(2). 168~171

5 Tao Wei, Pu Zhaobang, Sun Yunbing. The development of angle
measurement technique[ J]. Laser J., 2002, 23(2): 5~7 (in
Chinese)

OB ER. AENEERMERIT]L i,
2002, 23(2) . 5~7

6 Xu Qiuzhen, Li Yanfen. A new method to test high-accurate

angle[J]. Optical Technique, 1993, (1): 42~47 (in Chinese)

WRE,ZHF. —MNEEEEARRENHTTED]L AR
R, 1993, (1) 42~47
7 Wang Jianlin, Hu Xiaotang, Jing Fangshen et al.. A study on
linear CCD applied to 2D small angular measurement [ J .
Aviation Metrology & Measurement Technology, 1997, 18(1);
3~5 (in Chinese)
FEAR BN E, OS5 4E. RIE CCD R T 4/ B2 I & 1
FE[1]. AuastmHE AR, 1997, 18(1): 3~5
8 Pan Zhenwu, Su Li, Tang Quanan. Laser dynamic angle-
measuring system[ J]. Laser Technology, 1999, 23(4); 213~
215 (in Chinese)
BB2E. B . BEE BAISWARE]] HALRERK,
1999, 23(4); 213~215
Wang Qidong, Cheng Chunkun. Reaserch on laser dynamic angle
measuring system[ J]. J. Photons, 1995, 24(1);: 68~ 71 (in
Chinese)
ERAR PR, Bt SAENERENRII]L LT %R,
1995, 24(1) . 68~71
10 Wang Fu, Cheng Shoucheng, Liu Bingqi et al.. CCD precision

©

angle-measuring system[]]. Opto-Electronic Engineering, 1997,
24(5): 11~14 (in Chinese)
E F,BETE R F CCONZWNAREI] be i,
1997, 24(5); 11~14

11 Jin Chunshui. High precision dynamic angle measuring by means
of CCD[J]. Optical Machine, 1990, (1): 83~87 (in Chinese)
&FK BRACCD #ATsh A BEEAENELI] A FMRRK,
1990, (1). 83~87

12 Yu Daoyin, Tan Hengying. Engineering Optics [ M]. Beijing:
China Machine Press, 2006. 165~256 (in Chinese)
RGBSR, wIESE. —REF[M] FITR. J0E: YU Tk BR
#L, 2006. 165~256



