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Abstract: A non-contact rotation angle measurement system based on a line laser, and a linear array
CCD was established to extent the angle measuring scope of a scanning mirror. The structure and
measurement principle of the measurement system were introduced. It calculates the rotational angle
of the scanning mirror by the position of the laser spot on the linear CCD and extents the measuring
scope by array mirrors with special design. To reduce the alignment requirements, the error was ana-
lyzed and a calibration measurement method with polynomial fitting was verified. A series of error
sources that affect the measurement accuracy were analyzed and the total errors of the measurement
system were calculated. Finally, the related measurement experiment was performed. Experimental
results indicate that the measurement system can offer a resolution of 2. 5", angular measurement

range of 11 °, and the precision of angular measurement is up to 3”. Obtained results can satisfy the
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system requirements for non-contact, higher precision and wider measurement ranges.

Key words: spectroscopic imager;scanning mirror; non-contact measurement;angle measurement; pol-

ynomial fitting; error analysis

1 3 7

4 S 5 45 o OG 3 AR AN 1 O i B A 2
— X ) AT A 1 R S s e R AR
FE A R 5 B ) A7 R 2 R R R 25 T R R R Ol
T AR A B B AGR B St DR O 51 5 S 1 S B Bl
DK B R EE, W SE I AR R S B s s A
TN 1 [ 02 41 S S B 2 8 3 T P e I 2
SRR BE SR AT M S M N R . H R H
JE AR B D 5t 1 22 R s O W AT L R
A (AR AF 3 S8y 2 (1 £ 3 R
A ILTRRBILAY . J0 ik 52 B4 1 B2 0 £ 3 1R PN 1
R BE DN B O 4R BE ST B £ 38
(10 o G 6y P T O (R A S R 5 A
(18 B St % R 2 52 o 451 4 R S 48 11 3 3h 1k g L 2F T
ORI R 2% 2 A SOV B S B A R 22 1
R A B2 0T 3k 3", (R 28 A AL W f W 3 Ol )
G, AXEE T A5 DU A L TG 3 g 1 R A i R 1
AT

B % CCD AR MY & &, 2 1 CCD 1 3k
Bz ik = A 00 S ) R FH R OR B &2 . SCHRC9 IR
WOGA CCD Bl 2 I i 454 5 S5 B 428 A 00t Ay 2
H—12~+12°, 5 HE I3 0. O1°, RN a2 FE hy
0.04°, J&T CCD /4 F B2 I 1t 56 A 09 I A7 4G B2 el
QIR 22 G5 45 5 g s I A 5 B 32 CCD K B
4y B A, ] ) A A BR A (19 CCD 32 38K £ 315 FBl
DA i A ) 5 A N A T R R A R ) S
ARSCHEH T —Fp 3 T —F LB ML CCD 1
e G A B A A 4 B S B A sl R A DR 4 L O
X% 2R G FR A A I R AT TR G AT 5 S
FH S 56 285 SR T R L 92 2 G 1A R R R £ 90 R G
JE A B S B ) S AR R T R

2 Al REE A AR TR
2.1 W R G B

1 39 S 5 B A A AR G Y 2 A 1A
EEE T REOLA A | S S

B A CCD,BBRAE T R 48 St LS LA
o, B0 -1 B S B e 5 B /NP THT B S
PS8R I 152 G 3 i A 3K Sl AL R BIK 2l B A T Y 4
RS B AT A %

L 010 SO B 0 A I 2R G 45 4 T

Fig. 1 Scheme of rotation angle measurement system

for scanning mirror
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Fig. 2 Principle scheme of proposed system
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Tab.1 Position errors of each part in system  (mm)

WS WOLSE BB BRI B CCD
1 0.05 0.05 0.05 0.05
2 0.1 0.1 0.1 0.1
3 1 1 1 1
4 5 5 1 1
5 10 10 1 1
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Tab. 2 Errors of polynomial fitting @)

#HEZI -k K =R LI}/N

TARZER) 36 0.9327 0.8806 2.067 0X10 " 1,956 9x10*
WX 1K 36 0.9337 0.8806 2.071 2X10°* 1.956 9X10*
WE 2/ 30 0.9327 0.8806 2.0668X10 " 1.956 910 *
WX 3 M 36 0.9255 0.8804 2.0352X107* 1.955 8X10~"
WE 4K 36 0.9240 0.8803 2.027 8X10°* 1.9554X10*
WE5M 36 0.9751 0.8815 2,291 9X10~" 1,962 4X10*
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Fig. 3 Laser light spots on CCD
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Fig. 4 Distributions of Gauss beam intensity
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Tab. 3 Position errors with different methods

(pixeD)
FEE O WRE RREE AHNEe  B=ow
1 0.53 0.55 0.21 0.13
2 0. 10 0 0. 08 0. 05
3 0.05 0. 38 0.15 0.19
4 0.32 0 0.21 0. 20
5 0.10 0.72 0.10 0. 08
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Tab. 4 Position of light spot on CCD (pm)

ASMBE/ ) BmOLE I ASME/C) mEOME

0 2.30 8 2.33
1 2.30 9 2.33
2 2.30 10 2.34
3 2.31 11 2.35
4 2.31 12 2.36
5 2.31 13 2.37
6 2.32 14 2.38
7 2.32
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Fig. 6 Photo of rotation angle measurement system
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Tab.5 Results of angle measurement ™
A =2 % =2 R
1 0.98 11 2.12
2 1.16 12 —0.53
3 —0.15 13 0.27
4 —0.99 14 0. 35
5 —0.31 15 0.93
6 —0.14 16 0. 85
7 0.18 17 1.15
8 —0.46 18 1. 36
9 —1.29 19 0.22
10 —2.00 20 0. 45
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