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A high precision image angular displacement measurement

device with self-adaptive installation
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Abstract: The angular displacement measurement technology based on image detector is a hot research to
realize high-precision and high-resolution angular displacement measurement. In order to improve the robust-
ness of the angular displacement measuring devices, a high precision image displacement measurement
device with self-adaptive installation techniques is designed in this paper. The installation and adjustment

processes are very simple, and high resolution and high precision measurement output can be guaranteed in
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the presence of eccentricity in the calibration grating. Firstly, the angle measurement device using dual linear
imaging sensors is proposed and a single-ring absolute grating is designed. Then, a high-resolution subdivi-
sion algorithm based on a centroid algorithm is used to subdivide the image, and dual linear image sensors
are used to compensate for the angle measurement error. Finally, an experimental device is designed to test
the performance of the adaptive installation. Experiments show that when the eccentricity of the grating is
within 1 mm, the designed device can achieve highly precise angular displacement measurements with high
resolution. The device designed in this paper guarantee the output accuracy when the grating has an installa-
tion eccentricity of =1 mm, which lays a foundation for improving the adaptability of small angular displace-

ment measuring devices.

Key words: angular displacement measurement; error compensation; dual image sensors; self-adaptive in-

stallation
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Fig. 1 Principle diagram of measuring optical path
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Fig. 2 Coding principle of single ring
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Fig. 3 Angle subdivision principle
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Fig. 4 Principle diagram of image sensor installation posi-

tion

PRk A B

] 4 o T PSR A B L L B BRI > Oy
D BERE AR, 42 PR IS BT AT 135
#1 GRS ST I e P s ST A
SN FAIENDR By, #2 PR A L 000 f1 12
09 By, T2 AR T TR 7T 80, 54774 0 5%
P ol #1 PR IR 15 I 08 60 A TE K Bi=agta,
#2 PR f4 B8 140 90 BE (D4 258 By=g—art180°
(g WELSHAABER) o IR, FE2E0R DRI 205 A
RE(AT LA (4) HEATHEE,

B, +(B,— 180"

a, = 7 4)

3 SRR AE T

31 AREAMEE R B A

St YA B4 (R0, B2 4
Fk% 3, FUSEGHE b LR S e BRI %
s b T A SIEAR RRE

i B, A% SC 7 0 P O 1 B, 1
12 R AL R B4 1 T L B e 3
B i L5 25 KRt 52 90 R B
iy e, I M

PRI, A3 P K B, Y L Pl 1
R AT AU B F AR M L 8 4 5ty
SR L IR bR 4, LA 2 — i
80T 00 Lo
32 HARE BB A

ARSI, XL £ R o i A
PCB HUB BT . PCB i b4 8 22 5 i 1L
i PCB 1> Oy, HHERE T AR A . ]
VB LB £ R RS ML BV, LB R4
SRS WL [ (R AL RS |, BT DA S AR R
AT o AR (RS BE RS A B
W, T AR

I 5 R et 5 SE IR 5 R o
P 5, 2 B 1AL AR 1R T R /N
12.7 um, R ZJLHE A 1 pixelx320 pixel, FLE K
AL BRI LRI B O 35 mm; AP eI bR 2 6



514 D

P13 %

W B N ©38 mm, £ v B i 2% B A ANE
@50 mm; PTG T 460 nm 3 K B9 LED
FEVRBC A B B A s B Rl H AR EE D
) TR 1) e P BB A 7

HIEE

PR ALk

K5 ffimsilai e

Fig. 5 Angle measurement device
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Tab.1 Results of calibration error (")

Angles/(°)  Errors  Angles/(°)  Errors  Angles/(°)  Errors

0 0 120 —28.1 240 -25.1
15 13.5 135 0.8 255 -2.1
30 6.9 150 -1.5 270 -11.2
45 -214 165 -2.0 285 12.3
60 —26.6 180 —6.1 300 -11.3
75 -17.2 195 5.6 315 16
90 -19.7 210 0.8 330 25.1
105 -12.2 225 —22 345 32.7
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Fig. 9 Results of three tests on experimental equipment
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