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Effect of temperature on uncertainty of laser spot tracking
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Abstract: The output voltage of each channel of the four-quadrant tracking system under changing
temperature was measured, and a model used to correct the spot center coordinates was established, which
was used to compensate the deviation caused by temperature changes. The uncertainty of spot location
was reduced via controlling temperature of circuit system operation. According to the photoelectric
detection system signal processing way, center coordinate of light beam may be calculated with intensity
magnitude of received light pulse of each quadrant. Output characteristics of the four-quadrant tracking
system were also tested, the linear operation range of the system was determined which ensured the spot
on the best measurement area of the four-quadrant detector. Under circuit system environment temperature
controlled, the tracking resolution is 1 wm, which is dependent on the step accuracy of stepper motor
which is controlled by microcomputer.
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Fig.1 Block diagram of system structure

FA B — M nd VU 18 5 5 A P e B, 458
T iy R 5 A 2 BR 0 SGaE wE EE, BB
it 25 BRI 25 I B, 4 S 2 PR b A R AN
AR, AR R R i oA 0y Lu BT B B AR
SERETROLALE, DA B AR py 2 [RIALE, BRI H Ar
ELR T 57 T DUV 25 58 S BEAH X F BRI 5 0 18 B8
HR/NFITT ) (TR
2 A AiRITE
2.1 BRI

X T He-Ne 18t #% 632.8 nm I A5 4 1916
W, IE AT E DU G BRI & T T R G BRE 1) 5
O3 AT R B AT OB R B R AR r R, O
5 Y RIR R

I(r)=1,exp(-2-1) (1)

Ao 1 BT O MY OGIR ; o RN & 2 1 ARG
B4R, W RS A TE A 5 W3 R B0 5 R
Gi(k=1,2,3,4), S, 2 VO G BRI 5% 1 25 2 BR 32 ot
Bl(k=1,2,3,4), 1 M1 FOCRC IR, 355010,
U T 754 360 A 5 B F i 10 L P e K

ui:Gi[ Js. I(r)ds+ls-S; ()



% 3M

B8R R AT O B R IR R A R 89 % R 607

e HEDEHR S CFRE T 24T, MR RN
A R R e e N S R SRR, A BT
TEMSH, KEIEOLRAG TR AT 2,
Gi=G,~Gs~G,~G, Tt BE T &M TH
PR GRS A B8O Fr | AT LA A3 Bl 3 5ot iy T4
TEAR S AL P B rp BB T LA ] S 4505 Hhocs
AR AT DR R, PRIE T HUA B O 6 Bk
U EREAI B PoNER Tk RS2 LR S iEoB QLI E LI
B, FEAS AT LA 2200 5 5OL 1 R

H 1 T LATH SR K S J7 [l B9 ER 22055 Au, FIEE &
J7 1 R ZE (S Auy:

Aux=(3[ J&+&I(F)ds— J&+&I(F)ds} (3)
Auy:(B[ RIGES J&+&I(F)ds ] 4)

L 1) 2 O 33 B 7 DU 2 LR 28 L 140 A
BE 1 TR OGRS A R 5T, AR 2
PN 22 S 2R R BEAR AR (RS2 B b B — % R
Bt 1 12 2 5 B A 5 e e PRI TR X 5 B
W S B 2 2RI FORBE O MBI, EIBSR T
JH R 2 2 T 22 LU 2SR A G B AR AR
2.2 XL RIRITE
TE VLR B SCHR AR, R 51 3R 1 516 38 L T
SE (AL S DB A8 S vl O BRI fr 7 P L
TR UL W S 0 PR TR, 05 ok
IR T Bk L 23 2 (2) B A 145 5 AR R
B {5 5, Rt 24 30(3) . (4) 7 52 Bk wh A8 4k, 33 7%
SEBE r 0 AR A B AR Bl T4 0 A 2 A 22 1
B, 30 PP FH 4 G B ) H T 135 1 W (22 A
S 4% GRS 3R | I FE G L AR B
b F RTINS0 T T2, DO SRR 25 %
[ 4 A0 R R G H PRI 28 4% 2 B Sl L 3 8 22 20
B m, A% R S R
i(t)=nl(t) (5)
Aofok=1,2,3,4, [ 1 b 4 ASEH T E O R
1FG Mg 75 S 25 52 MK 3% OPOT 4 B, B2 K5 o0 L 4 3%
Bty 1 59 0 R W K 1 5 i () 4 R L TR S S ua(t),
25 B AR v R
Un(D)=Ridi(t) B up(D)=nRuli(t) (6)
PR S K T R S R A, SR
SO SR IR LR R N 1000 Hz, B — B R A

VRUHT 8 8 I A8 TP AR O 1000 Hz, BRQ K 5.0,
U R S B R £97 Hz 2 3k 3 D8 U 2 I 1Y
HLH AR 5 U IESL (55 . R RRS %A 30l &
% AD736 4 e I 5% {5 5 i o BLRAR 5

U(D)=EnRidl (7)
b E RSB A A ADT36 (55 25, € 5B
TEBAT K5 L BRI EOR B IR B, P, 25 % B iE i
it R oy I 5 B O S B R (R A b, T
DU u AR 45 S R B B, MRS T =K
tﬂ?‘[ﬁﬁfq:“[)ﬂé*/% :

=K U;+Uy) —(Upy+Us (8)
U+ U +Us+U,
_ie (U Uy) = (Us+uy)
y K Us+U,+Usz+Uy (9)
Ao KA Ho ) R 5, 5 A5 5 T 1) H A5 A A

TTHZHA K,
2.3 KRR RS H HHE

TETC HbROGIRBRGS I, A5 5 38 0 A S A
A ug (1=1,2,3,4) £ox, TEMRETIREE N 20 CTHY,
uy=0.67 mV,u,=0.67 mV,u,=1.00 mV, u,=0.83mV,
P S R 4 O TR O S A B RN A ) AR AR B R
P A5 1o F0 BT 1) 9 26 3 LI S5 ) A 1] e 3
5000 ik i, 425 1#E 1000 Ak o, 30 53 6 10 i 1 R
JE o £ AT 1.000 A4 Jik ioxsk iz i) SR AT Y BLZRAL S
9 1.0mm, HISF-ERE S5 R B0 2% 2H St R AL AL
Bt AT MRS, 15 BRI 575 7K J7 1] /9 1F 7]
AL B AR 4% 4 > Z B A S th A TR OC R A&l 2~
5 fir 7, PRI &8 78 3 15 [ 19 1E [ 457 B 2 F0 4500
a4 DR % A R OC R I 6~181 9 firan , #5:
5 WU A5 7 467 3% S RGO A (B R 8507 AR A A 20 (8)
MARK(9), B ZH KA, HFYE R 1.09, U
YIE bR g K A,

100

x/mm
2 55— G R H R A B G R 2k

Fig.2 Relation of output voltage and displacement in first quadrant
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Fig.3 Relation of output voltage and displacement in second quadrant
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Fig.4 Relation of output voltage and displacement in third quadrant
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Fig.5 Relation of output voltage and displacement in fourth quadrant
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Fig.6 Relation of output voltage and displacement in first quadrant
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Fig.7 Relation of output voltage and displacement in second quadrant
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Fig.8 Relation of output voltage and displacement in third quadrant
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Fig.9 Relation of output voltage and displacement in fourth quadrant
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Fig.10 Temperature characteristics of the four quadrant signals
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