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Two-Dimensional Micro-Angular Displacement
Measurement Based on Fiber Arrays

Zhao Tingting Zhao Yong Zhang Yi
(Department of Automation , Tsinghua University, Beijing 100084, China)

Abstract A fiber optic sensor for two-dimensional angular displacement measurement is proposed. Linear light
receiving fiber arrays arranged as a crisscross spoke are used in the sensor probe. Light intensity received by each
fiber will change due to the measured angular displacement and be recorded by the CCD. Based on the Gaussian
distribution theory the reflected light spot center can be determined by fitting a Gaussian curve according to received
light intensity and position of each fibers. With this method, measurement errors caused by surface reflection index
variation, light power fluctuation, and ambient light disturbance can be effectively avoided. The measured angle
range is —0.16 rad~0.16 rad. The difference of optical path loss of each receiving fiber reduces the measurement
accuracy of this system. The proposed method based on the correction of optical path loss corresponding to each fiber

can effectively improve the angular measurement resolution to 3.8X 107" rad.
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Fig. 1 Schematic diagram of the two-dimensional fiber-optic

angular displacement sensor system with spoke structure
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Fig. 2 Light spot center analysis based on Gaussian

beam with a linear fiber array
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Fig. 3 Light path of the fiber optic angular displacement sensor
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Fig. 4 Simulation result of angular displacement
versus light spot deviation
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Fig. 5 Gaussian fit curve under each angular displacement

without correction (a) with correction (b)
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Table 1 Measurement result (with and without correction) compared with theoretical

value for angular displacement and receiving light spot position

Angular displacement /rad 0.175 0. 150 . 125 0.100 0.075 0. 050 0.025 0
Spot center without correction /mm 1. 7466 1.5319 1.2937 1.0200 0.7598 0.5302 0.1092 —0. 2687
Spot center with correction /mm 1.7514 1.5324 1. 3059 1. 0390 0.7651 0.5019 0.2202 0.0503
Theoretical spot center /mm 1.8159  1.5477  1.2835 1.0226 0.7646  0.5085 0.2539 0
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3.3 BERSHBESN

2 I AR G I X 45 e T OGB4l
B 5 S 6 B R O 7 B PR 0 06 B R 7 S
I F1 A0 1 5% AR SE BRI AR I i . AR Dk T A 8K
T R 2 T B 5 28 038 A Ol IR 3l A B 2% B0 X
AR IR . RGN R A R UL AR 2 A T 1]
SOGET I A AT L 4K S SR P8l L CCD R
TR 2 f AL RS T 1] 5 R AT B SIS AT 14 ) ]
VLG 3 X RGeS PR BEAT AR E M R . BB S ROR
U 2y 3 e A ' [T 5 B R P B i 4 Sk B O

RRGERE, FIE R LG bR DA R I T A
Jiti J FR e M E 2l CCD RN M 75 385 1. CCD 45
0 15 1 M 75 R T U 0 oA = 2 HIORE I 7 S L 9 M
RS fBE CCD R 38 A5 W H R R 12
W' BRE O ik 1) R S O3 A (B D 3 A? R 42 90
aq s (D A5 CCD RE 4 I 2] 14 6 BE v .0 o7 5 fie
BN (ay /—In(1—1/R.)/2) . A WG TE K
/N CCCD 0 3515 W8 LE B - R G o PR s o (H 2
JGBE /N2 S HBOG R M 50 A 85 R B AR . B




878 B %

o 1 29 %

BEEAR/DTRBOGL R 2 £5, &G B ke i
PER 2 DEBE HAR M TR BRAE A 2 £ OB 2F [l BE
ANT AR BRAE I = LA S AN AR IR B AR . B
REAIR R IS 2 65 28 FT 48 1w AR 400 43 W56 ) I 40 9 /)
TN EE R LR G G EF SR B 135 pm,
a, =135 pm, CCD M 5 5 M kb4 56 dB, Re =
63095. 73 %0 » AT BE 44 I 21 1) f5e /N G BE Hp O A AR
2 (ay /—In(1—1/R.)/2)=3. 8 pm. Xt i f]
MR RN 3.8X10 " rad,

BP0 A B, HAEZ E 0. 001 rad K
HEAT AP PR Bk i e . SEIm A R A 8 k.
LA R AL A 0,001 rad B, ) & 45 ROK B
LR G, BB RIEN E REN P EE T
0. 001 rad,

é 1.05 -

s

3

BT

3

°

5095 |

o

1]

=

i

= 09

| 1 |

0.09 0.095 0.1
Angular displacement/rad

&l 8 43 Bt 2 S 00 He WO BE v O 7 B B A 085 78 1 T 46
Fig. 8 Measurement result of light spot deviation versus

angular displacement in resolution experiment
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