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Abstract In this paper, a high-precision laser tracking measurement method is proposed in order to meet the
requirements of high measurement accuracy, large measurement range and real-time measurement in every filed of
modern industry, which realizes precise tracking measurement of follow-up target. The laser tracking measurement
system based on the four-quadrant detector can measure the incident laser spot offset that is relative to the center of
the four-quadrant detector in real time. A fast response servo motor and the motion control card of programmable
multi-axes controller (PMAC) are applied to build the closed-loop control system, which achieves high precision and
fast laser tracking measurement. The experimental results show that the high-precision laser tracking measurement
method proposed in this paper has good real-time performance and high measurement accuracy. When the tracking
measurement of laser spot is within ==1000 pm away from the center of the four-quadrant detector, the error of spot

offset is about 31.2 pm, and the average time of the laser spot returning the center of four-quadrant detector is

0.259 ms.
Key words measurement;

measurement

OCIS codes 120.6085; 250.0040; 250.3140; 080.2720

1 5l =

B BAC AL AR A AR, R T ARG I TR
BLUAE B3 CCAD) X He Ml i | BIL g A 1 25 50 0o
N0 555 PR BE 0 TR DA B S P 45 TR T A Y
TR WOLNE 5 BRI D B3 17 R T 45 35 B ok i B 1Y

W BHI: 2017-08-29; WE A B HA: 2017-09-13

laser tracking measurement; spot offset;

closed-loop control; high-precision

PERIE . T O G BRI R A PR i TR
O IR ER SOOI ER L, FOE R ER I B8 T 1 3)
BRI R Sl i R ER E AR R B AT A 5 T O IE B
I T EshiE g, 0 i AR o 2 H AR BT AT
FEAE LR, SEBL T H AR BT R E 3B B . WOGIE B
I ) R T e, L B R G R A R L stk

BEeTH. BFEARFNEELIF AL (2013YQL7053904) [H % A #h B2 54 (50805003)

YEE B A BRUEDT (1980—) , 2o, 1o, Rl 2045 B A 0, 2 B8 SR 4 00 e BRSO B0 Tl 5 05

W A5 . E-mail: hfchen@bjut.edu.cn

54k B

0104003-1



th i

i ot

HRIE 1 BE T i A g e L R AR M L DL SE OB B
FRGEAEMRAD i 42 W5 A 5[] S IR 0 R IO O AR
UG 2 X FARAL B

H 1985 4F 3¢ [ [ 5 b M H A BF 58 Br (NIST)
(9 Lau 4554 R T Bk As AR vk 19 10 B B RS O
BB N e AR 8 AR L [ N A T 22 o R R O B
BRI R G HEAT TR ARSY . 5% [ Nikulin 4585 5
F Lyapunov PREHY A 1&E N 6] £ R WF & T 98 a4
PE | A M Y R A A A L T IR]  SR IO 2 £ A
OGN fa A7 E B2 B RN R SR S
CRS TR A RN SVl C PN E N o SR
WH 1 22 B WOG B B T3 R AR BRI R R gEL 2
AR BT TR A B R A R g I
23 A AR R 2 ] AR AR H 2 B R LA A
HLIG (PO S vt (il 15 R 48 RO M8 22, 55 4h
Windows #2E & G2 (1 4E 52 i A F T ERER R G2y
St E R B O B T B A A R AR
T A B A 2 A G B B A ol SR L 4R
BB TR gL H W T O AR R R SR IS
AHITF HAF A LB L5 B B & h it
BRI T RGEn) R s,

AR SR — T s N R OB R O R 7 il e]
o A 22 il A2 B P ) 4% (PMAC) A 38 3l 45 il - 2 il 4]

D ot it ok T ottt |
signal acquisition and| i
processing circuit

w

- 4

ifour quadrant detector

I HLiz % AT 52 B0 BE 3 B AR A9 8 % 08 BR % 5
F T S ALK 4 ) R R AR DT L R [R]
G 1T LB 8 4 45 5 S5 Ik 22 9 IR) R
BEAT T AR SCSE R I L R G A R fE
2 OB B A

OB BRI 2 ) R R — L B 8 ) A
WPl RS 5 HAR LB BENLAL Bt . 28 i H AR BT
B BOEe B 2 kAR AR AL RN SR BOE T+
W RGO ZEREA . HOCIEIREA B2 b i 5
FIR 000 25 T, e A 2 19 28 Ak b OE T DN B R 4
TR 38 o RO SR B AR G I R A B A SO e B4
SRR T T 2 7 A B A 36 R 4 ik AT i
SR B A5 2 A8 3 H AR LB A S AL B HotiE
B s ) 2R 0 D BRATE R AN &) 1 BT . AR T I 0o
Wl TR BEOE TR IR H AR B B /N DG
BG4 1) 249 R 0 3 B 0 42 ) 2R 9 ) W) IO
PG HE ZOR B B . WOGIB BRI R T IS
IR 00 25 47 0O TR D #1605 8 4R DN SR i)
BP9 ] iR HL AL DL S PMAC 32 8l 45 il - A 2 P4
PR ) SR T BE AR T R AL A e IR R L AR i
A ] AR T (7 2 1 W O 9 O T 0 AR 4 R
T A A DR R BRI A

A

conversion 1

circuit

Y

conversion
circuit

interference

laser light source

system

Y

signal
processing
circuit

I
|
1
1
|
|
I
1
1
1
|
1
I
I
1
i A/D
I
|
I
1
I
1
I
I
I
I
I
I
1
1

PMAC control card | <e—s> [

__________

pulse

direction

T ]

PBS

standard ball

servo motor

P18 B e 2R 4 D A 1

Fig. 1 Principle block diagram of laser tracking measurement system
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Fig. 2 (a) Center of laser beam at the center of four
quadrant detector; (b) center of laser beam deviates

from the center of four quadrant detector
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Fig. 3 Block diagram of laser tracking control system
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