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Research on high-speed and non-contact angle detection based
on laser measurement

YANG Meng-fang, CHEN Lei,ZHANG Deng-wei, HUANG Teng-chao,ZHOU Yi-lan,
SHU Xiao-wu,CHE Shuang-liang, LIU Cheng
(State Key Laboratory of Modern Optical Instrumentation , Zhejiang University , Hangzhou 310027 , China)

Abstract: A high-speed and non-contact angle measuring method based on the principle of optical triangulation dis-
tance measurement was presented. Two laser displacement sensors were used to measure the angle when the angle of
the target changed,which could calculate one dimensional motion angle of the target in real time. The experiment of
angular measuring range and precision of the measurement system was carried out on the swing turntable ,and fiber op-
tic gyroscope was used to realize real-time synchronous measurement of the angle ,and then the error was compensated
by the least square fitting method. The experimental results show that the range of angle measurement can be up to
+10°, the precision can reach +0.005°,and the measuring frequency can be up to 2000 Hz. This method adopts
non-contact optical measurement method, and it has no damage to the measured surface.
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Fig. 1 Measuement principle of laser triangulation
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Fig. 2 General diagram of the measurement system
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Fig. 3 The relations of displacement and angle
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Fig. 4 The diagram of experimental device
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Fig. 5 Diagram of angle measurement result
4 RESTESIME
4.1 BEPHN

BN T 1) R 7 B S5 O G B A A I AN T T
DAL ARG RS 1 SRS (0 AN ST T2 5 i o ) o
A EEHE,

S v R I TR RO PR T R S G
SR T 38 IR A B0 AT A R B
Jei SV IR [, DA St 4 0 1T 14 57 R w0 7
B R AT SR R B A R 2, &,
WA B 5 O AR AR LB 0. 33° 1), %FF 10°
e £ A7 AE 0.01029° A £f JE T 8 iR 2%, TR I 0 20
WAL BT R B 5 PO R I 0 B ) bR
AR

WNIEL 6 Bz, 4500 T 43 S54R854
PO AL R BN E 1 BIALRE ') .S", MBI
SRR BN E 2 (IA% S, .S, s B AL B A
e FLOLE, PO RS 1 B 3 1 A & 1 L8
IR S, FS, (BAHIEBLT S, = S, , PG IEES L4 iR
ZEHPEIN S PO R EE A S, = S,), lX(3)
AAL, RFEE] S, A S, 2RI R A RS,

wWx =8-S,
(DA
e
(A

B6 JUREE
Fig. 6 Diagram of geometry



598 5 RS AN

B4 %

MHE(3) n] 15

o = tan"(sll -8, +3S, —S’z)tan,l(S’1 +x —S’z)
L L

(4)

y = tan_l(S”1 -8, +8S, - S”Z)tam_l(S”l +x - S”z)
L L

(5)

B:tan_l(s'_slzsz_sz) (6)

BT s A I, B o MIE,y B kB, FHIE 6
AL

a-y =- (7)
Hrp, g A0 2 BINCE 1AL, MALE 1 5M
R IEATE B AETE— o AR ELEE, PG
K (6) KT B B TERZER . B (4),(5),
(6),(7) Al f#13 » =0.92 mm, T 13 o« =
0. 1005°, y = —0.0287°, - (a —7y) =-0.1292°,
it BT, YA T H E Ol 0.1005°, &%
—0.2392° [0}, A E AR 2ZE M 1. 1352 x 1077(°),
Rt B AR 22 7] DL

X T 3O AL AL AR AP AT 1R 22, 208
A AME DT I T A
4.2 B E M

I % 22 E G A 22 AR &L T B, i [
PRI 22 T % 3 £ BE 9 1 T 3G R, 2 v iR
22107 SRRy

flx) =ax’ +bx” +ex +d (8)
o OGRS AL RN B A BE(E @ b d 53 5]
B HAR ) = IR — IR B O
0.3
0.2
0.1
0-

-0.1 4

FUREMI AR 2/ )

—0.2 1

-0.3 4

-10 -5 0 5 10
s/ )
BT AR R 2 S A G R
Fig. 7 The relation between error of angle

measurement and rotation angle

XSGR AT B/ AR, 4 IS (8)

BT

a =-5.6987 x10°°

b =-4.9302 x 10~

¢ = 0.0266

d = 0.00477

8 SR AMEG ) AR B i 1R 2 , DA v ] R
22 +0. 3°FFF] 0. 005°, (IR — MY, B2 IR
DU, 21 25 AU G 2 ) 25K

mh -
Ha o
®/ 10 10 -
27 5] ﬂi
2T P
ng 0 0=
SE s @%
=410 105
0 2 4 6 8 o R
~ 0.006 17 /s
<0.004
j}ltK 0.002
20
=-0.002
#-0.004
E-0.006
0 2 4 6 8 10
[T /s

B8 A M B IR 22
Fig. 8 Compensated angle measurement error
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