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Analysis and Experiment on the Reduction of Laser Pointing Error
Based on the Return Signals from the Illuminated Target
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Abstract Laser beam pointing systems are generally affected by pointing errors. The pointing errors cause energy
loss and the decline of the system performance while the center of the laser beam is not on the target. The pointing
errors can be estimated from the scatter return photons back from the illuminated target. The performance of
pointing error can be improved with close-loop control on the measurement of the return signals. In this paper a
method to reduce pointing error based on the return signals from the illuminated target is studied. The stochastic
parallel gradient descent (SPGD) algorithm is applied in this method. Some effects to influence the precision of
pointing errors are analyzed. The analysis is verified by experiment.

Key words laser pointing system; return signals; pointing error; stochastic parallel gradient descent algorithm
OCIS codes 140.0140; 030.6600; 120.0280

18 = %% B 025 L2185 2) o T 2 UM AR 30 A K S A

O SR 2 B B L 2 £ 2 4
SRHG SRR K EOHOR B R 6 b AR P
SEAR MR 2% « 1) A 19 5 B MR 2% 5 xR

2 7 1 g 15 2% L W ) R A B 2D 7 B
BLIS 2% el HUBRR 30 51 2 1 0 30 35 2% — iR A b
o AR ITRERLAN AT L % T LA S0

KR HER: 2010-08-20; WKEIEM R EH: 2010-11-17

ELTA: HEHARBERESE(60978050) F11Y I 4 H 4% 4 (092Q026-014) ¥ By iR,

EE R 5k FA98S—) B g4, FENFE AIENOE =S E NS . E-mail: yangyuzhangyu@163. com
SmfE: ZHHAAI7—) B 4 R i, FENE BEN L FE MBS . E-mail: xyli@ioe. ac. cn

0402011-1



T

L

e BYSGBE  SCTE A G5 23 A M H o 1] DY o 28 8 2L
FESCBERS R T H AR RT 06 50T o I o 1% 22 [ 45
B35 BAR IG5 7 LR 00 DT 050 15 R 48 109 7k /g
Ko 1 5 YOS T AR G0 1 R R R i X
FR G0 I R 225 AT A IE A A

Lukesh 2" 7E— 251 12 BB 526 b % B0 &
Sy EYEGE 5 H AR BDOGSR B A SE T B O B S5
ZIEA RO R TG T 2T H AR DG
MR 22 A 1O s i T ROFIH H bR T8 s g
I s BT LA P 7 AN B AE B AR AL B AR IR A X
JEVFZ N R SEPR AL . SCHRCT 3R T Key
AR D7 R 61 Bl S 22 0 SRR DY A5 5 ok Al
T A5 25 A B FOMRUBR AN T O 3t Al v By
DLRE Y 7 i . Key SIA 7 B A XEHEDR 22 95 B F
AT RAX 4 20 A AR B 19 Al 15 R O A e vk R T B
HOHla PR R X 22 Bl 2 B AT Al L 90 G H B T AR
FI /NGRS g R ABL SR 3 B D e 4 2 3 F e it
flTHHE 52 1 1 7 .

R Ty B B R R AR R L AR S AT R 25 A
T BT DAAR G b Al T H G 7 02 2 9 e A {ELAE A 1
R 22 7 1] B I 0 3 S AR ME 58 BN i UE 152 22 1 B
1E . A BT — R BT B AR DG 0 i o R 25 18
WEJT VR . RS S AT B Uk 1] D 0 i 5 I o % 22
G FR AR N8 1E 5k iy LA 3 T BE LA 78R
JE T B (SPGD) B3k S AT 80 285 45 1 TF B i i 22 1)
PR OE A5 BSOS DL M BR R I HE R 2515 B,
FH SRS 43 1 0 52 55 36 UE PR R 7 3% 43 A Bt o 3 s iR 22
52 R R .

2 RARJRM

WOt R T S R L 2 R A B
3 E AR I S AR . B H R RT3 T
O EBERE BT+ A5 b 0 I 506 7622 16 1 ph 59 34
p 53 B 6 2 R A I I A
WO BB BT [ 5 . LR Sk D4 1 B
i3k %R H
Lt = LGt 03+ 307 Qe (8¢ 7).

(D
U Lo 2 BB 5 5 s oAy = F S T AR 1 DY X 5 23
A5 sz sy, AHEDR 22+ 0 s vin A BEDLEL IR 22 s X N
b 119 ' 2 B AT » Qe SN AR X H AR 9 5K 4
o SR TIA @ B XL R ARFE » 7. SR AR N ALAR
ML ARG . Ar Oy CCD BESEIF] A SR 2 3

B8 R o LS RO

X L3 Ao — AR BB s A R BE AT A A RO
WA SR I B R R SR E . RIESET
D2 BRSOl R S IR i I AR R L LA R ) A
flEAEBE A& AR LR 3 B3k H br B K O R
RHAEBIEE . BB H R R BONH G (D
A AT LS )

Iremrn - G’J‘J}m (.T 9y)dIdy. (2)
S

P o MEANER LR GRS RS NGRS
EER B BARES 4 Lo o~ 1. A€ A B[R] Y A9 SF- 34, 30
FEWIE A AR — e, B BAR M IE TR . K
R LB HERZ AT vy B, KN AL InE 1
Fr 7 s ) B A5 T8 A S5 53 A R s R

| 24 (y+ A
znnzexp[ 200
A g oMM RE.Q ME i ar itz . fRAD)
L7532 BB DSy

Ircmm(LaA) - 0(,6’ ZL‘QZ X
T

Im(I,y) - ‘8

](3)

L/2 L/2

j exp|:— 4+ G+ A _’_;éjA)z}dxdy. 4)
AR 15
L (LAY = K[®(L/2) — d(— L/2) X
[@PA+L/2) —dA—L/2)]. (5)
X L=L/Q0.A=A/Q. M NPOEHSEQIH—
AR5 B AR /N R WA 22 5 ©(2) TR bp it IE 47
MEREGK = of.

beam
profile

target

TRl R 22 R A
Fig. 1 Target illuminated by laser beam
with pointing error
HRAE G AT A A — 4 AR 2600 T CH AR
IH—AE RN 0. 5~3.5) BRI [l 5'g 55 [l o 22 6922 1k
KAWE 2 Pras. WK 2 sl LU L D65 5 il
T 72 5 S B B R . IS A BRAEE O L 8 DDl

0402011-2



ST T BR R 0 1 I o R 22 M 1T T R B S T B S 58 3R E

o L VR R B 5 R DU T O 22 05 T . X w2 A A
S (] e 7 IS A TE 1 AR I B
10

0.8 "
0.6 -
0.4

0.2+

Normalized return signals

% 05 10 15 20 25 30

Normalized pointing error
2 MBI S s I A i 22 19 72 1
Fig. 2 Return signals with different target sizes and
pointing errors

FPRE 00T i T H AR SRR SN SR A
s BRI 18] 51 2 7 — e 30 1R P9 22 A - 7 25— I 220 B ofe
i 22 A 2 00 A0 B A B A 01D R] RE H F AL e
o G T D 2 2 (L B O 0 2 MY [ Dl o AR —
JE U B A DR A8 A o R TGV Wt 5 H o s ) IR A 22
{ELo X B0 T A SR AR SR AR 08 1 T 101016 1) B R AL
EEA T IR D 22 DU A5 2 B 18 E L 2 AE — S ST
P Bl LR /N A5 0] D e R B A O BBt & i
ZEMEOLN BDGE AR & T 5 F R BDEE L. FEAEA
o PR AR E 5 19 DS T Lo (31— ) B L
(1 3 T PAY L Y BT X 7 D e A T 7 5% 22 BRIV S A 3 A
TSR ZE T o [ R IR 5 L )5 I VEE Al 22 1 I
B ZE MBI SC R AN EL 3 i s H bR IH — A R/
P18 2 AR TA] . P v i A A S [ D' kS AR 5 i oK [l
(1 LU AR+ 0N A Sy of 7 ) [0 0 32 AR 2 T ) I o 4
IEFRZEVE I . 18] 3 AT DL [ SR AR LA B R Il v R
ZEVE B, A 2 rf R Al U U — 4 F AR
) S B [y 2 0 D AR 5 . A [ 119 [l D e

(A5 T BRI 0 R/ W 2 B 5
6 -

W A~ o,

Normalized range of the
pointing position
[\

0 0.2 0.4 0.6 0.

Return fluctuation

Ve 3 i 22 [l AR X L 14 i o7 5 310 R
Fig. 3 Range of the pointing position with zero

pointing error but return fluctuation

3 DG B 5 ORI A8 0 B O &R I S8

5 56 ik

[ 5 580 B 5 6 B O B8 7 B 5% 2R 1) 6 AF S 06 2%
W 4 Fs . WOGE &G HGE o N LA 7 A2 [
TESGCBE , 23 i At a8 CTVD FF 16 2 5 8% I R S 3
HAr . Hbs B9 R gHtst CCD W JG £ ATt
SEHLHEAT AL B SR 5 i R R s o R B . Ok
WK N 650 nm, [ FL A% 2. 5 mm, B LK EY
15,0 m, AR AEAA R EEE A 12,8 m,
M FAEBEE AR 10, 1 mm, X R B 5K M1 2
781 prad, HbpsE— A ETEML E YA BN L
THBRR, AR 4 mm, XN 5K 129 312 prad, CCD Jic
B — G Bk %t B AR AR G BERS B AT R
S BRI H AR AR AT K BEH AR 43 A Ry BRI DY
JEBE R R TT LAAE A PR SR ROR 0 PR M bR o . b
FE S SE ST AR DA B H R IR S R B 1
e =2 134 prad WM. CCD b — AR R XS
NTF B B SEBR RAF 252 0. 265 mm, 76 12, 8 m 1Y)
FREG BRI A B2 20, 6 prad,

plane mirror

image grab
car
algorithm
D /A card
PC
laser high voltage
amplifer

B4 Scd s EoR A

Fig. 4 Experimental setup
3 o A O AR A T g A ) o A A P ke 1
JE A EAR T 1] A G BEAS R B B 2 H AR L [
WFoRAE H AR BT DG 5 s o0 T R E R
BGET RT3 35 ORI H . B o
MEM—4 VK. y Fmf kA —4 VIFRESK
0.2 VZEAMINE 4 Vi RIG « J7 [ B R 38 i
0.2 V,y Jym BMUHF A 77 U —4 V 94554 V,
LT BE AT R . EEL 6 ek D6 5
Xof o7 B9 i 2 Sk AR AR AT R HES B (E AT T 8
—Abab ., B 7N E 6 BRI o B ERE . T
Gk T ghiE s .o S B o ES LT 2,
y F DR KA I ARG AL T Z S E . M
Pl rp R LB A S OB [ 5 ) X R G

0402011-3



T !

L

Z 5 2 R BE o A — 2 B b e B PG,
JI A 31 1 18] ' FE -t A0

Normalized return signals

0 TR0 1200 1600
Frame
&5 IH— 1k IR B [\ 5% s A 5 47
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error based on the return signals from the illuminated
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