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Automatic Alignment Algorithm of High-power Laser Beam

XU Rui-hua', HE Jun-hua', WANG Wei', WANG Zheng-zhou'?,
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Abstract: A quick and high-precision image center locating algorithm based on the difference between the
corresponding ellipse’s long and short axe method was proposed ,to meeting the requirements for high
precision and time-saving in real time beam automatic alignment process of the high power laser device.
The maximum value of the spot’s area is obtained by acting the Big Law Method, 3 X 3 Neighborhood
Method and Eight-Neighborhood Method on the spot image in turn; Lengths of the long and the short axis
are obtained by the analyzing the center distance of the maximum spot,and adjust the spot shape by the
deviation of the ellipse’s long and short axe until to the deviation approach to zero; Through analysis the
deviation between the actual spot center and the corresponding reference position, the adjusting steps of
stepping motor controlled by the closed-loop control method is obtained, and the automatic alignment is
realized. This algorithm is verified in the high-power laser device, the experiment results shows that the
alignment time of the main amplification of the optical path is shortened to 15 min, the near-field
alignment accuracy is better than 0. 2% , and the far-field pointing accuracy is better than 1 yrad, all of
them meet the alignment requirements of the high-power laser device.
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long and short axis; Spot center; High power laser; Stepping motor

OCIS Codes: 140.3295; 110.2960; 100.2000; 120. 4820

EEWE WK A ARFEHES (No. 61275130 BT 1)
FE—1EE L A977T—) &, TR A, F SO A ol (S K5 B AL HE. Email ; xuruithua@opt. ac. cn
Wi EE.2013-12-29; R A HHEE.2014-08-27
http : // www . photon . ac. cn

0214002-1



EE ¢

0 35

1o U300 9K Bl g 2 A8 R 29 R 2R A (Intertial
Confinement Fusion, ICF) %% & v hx 8 2 | i &2 24 1Y
KRG B KIS 100 2K, B&HF KE WL
PF T OGS0 LG S ST | 45 48 B
HE %% AT WA RETIIRG & & B SRR E .
T b 27 S AN O L O R R T S 3 5 3 1% T
Jurb s P ERR RO % B S e B R R O S
A SR ER AT R 3 i B R R 4R 1 O BE IR R i
AT — 8 W B b B, 3 B B O A B DL AR A5l B S
B o7 B 5 i o A O 22 30 3 f] iR 42 ) 2R G R RO %
TR KR I 9 B SR B o A O R 8 A O AT A R B R 22
FEL P e b A A DG B A D SO R
U AR R A RS B AR A RO BE £
B ATRE N S B Y A R R A B L AR B E A
K BE. 2) B BILFES i 5 W A 3 . 5 209 H AL A o OR e
e T RS B Y R R T LR K 4 o A B
Jia] o

1% 55 (4 56 BE T O A T B AT O R R R
Hough 28 4 7" K [ 40045 50 0 iy 79 o 580 72 R 0%
FECBE S A LI 5] 55 = ARk BT F B ) e £ L L
WA I 5 — i B D 5RO B 1 i % % 2
U TAEOGH A A M B R R AR YOG B IR 4 A
AN GG 58 B FIE AR AE AW (9 28 4k 55 51 2 i
Y6 e LR R S B B T DA R R A A o B
HhC AR BB AR AE AE — R B . AR SCER X T R O IR
Bl H 3l e PR T R AR 00 O BRE RO B HLE AR
AW AR A R A B2 T DL BE G R I A TR Y K e
Bl 22 (AR o R R B G B e BT YR R iR T LA
SN AE 3 5] S8 O B H O IORS B e A, ROR R T
T B RS B R

1 XREHEENRE

1 D) A B R Ol i o R e R A A S A B R
R IE SR TT 15 i P B S A B — BOG . DGR
PG 2 e 't B 1 552 B 7 #5245 6L« 0 37 PR R Wt SR 1Y
J7 145 8L A S O v T 3 v I 3 0 R
A5 S Gl e A R v L AR i CCD SR AR B Y 3T it 170
BEPEAZ  IF X H b B A B30T | 22 3 R 19 52 Bl BE rp o
55 R v 7 1) O 22 A0 0 L MILAR B0 X — i 2 B Bl A Y
S5 S5 G A A AR A0 A0 AP 19 A T3 ) L A A R A
B B LN WOC TR B B R

L 9 4 AR Oy S 0 2 RO SRR L TR B
R AR EEAL B A AR S S B RO S AL R R G a1

Laser Opt- Image- Image- N Control-
’ sampling capturing processing system
|\
Servo-mirror

M1l #EAGHAFRGEHNRER
Fig. 1 The flowchart of closed-loop feedback control

for alignment system
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Fig. 2 Schematic plan of the one-pass and two-pass

beams alignment

FIE B AR 20 O PR D 3R — J2 ) 0 B Ot BE X
O[5 ) e B 22 (A R B A5 AR R L I R O BETE R B
AR s R A B — 25 A5 3 B T R SR B0 O B Y
O 75 REME 7 2 5 H MLEEAT A e B Y. 7R
S5 — 2 b SR M D 4 e B 22 B O i A5 R #E AT O
B IR T, R e T LA O B T AR ORI A il 2 LU AR O B it
A S5 I 8 gt B 2 e BILAS B R I 34 RS S i
Ty T AN A S B E B0 PR R AR ¥ 45D 7R o L AR R
AT DA TR B 2l P = 4 s AL, i HL ol e T Rl i LA
S5 B A R R 3 0 ) S B T O R RORS YL 1E
5 0 R b 20 R R A B B TR R S B O B i
b TG R O L R T 2R a1 R ORI
U i DA SR 8 e A6 R B A ] R FL AL 19 42 Bl
AL TR B 0 BN L T DAVE EORS RS R. AE b A M
B R AR W AE Y SO IE AT L RE A R PR
HER 1Y F M R

0214002~ 2



WFERAE SRR BOEEAR M B E B

TEUE B HPORS B AR A5 O BRE S b p oo o B R AN R
AOAZ s, A SR AT BE b DA A 42 i B AR G 1 10 i B
T B BORS BE A A PR
2 EEIFEDE A O R EX
2.1 EZFEHEHOIKRE

i 56 H T Y SO IR BB, Gn 181 3 Ca) L T LU
X 3T Y P B 4 A A B 9 T B SE PR ) e BE R
Bl H LA B0 R A5 B e 22 . 4 o A
B4 1R R B B e WLz sl . SE VT 3 A v L

(a) Near-field original spot image

(b) Binarized image
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(a) Far-field original spot image (b) Binarized image
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Fig. 6 Far-field spot and image processing
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Fig. 7 Corresponding ellipse and regular shape spot image

3 HEEIAESH

TEOGBE H 3h v B b, DG BEm FUE A RUBHE 5, —
4 B AL BE A I 3 4R L O HLAE A e B B b il 705 1)
PR A T Tfy » AT B A S50 1 W A B A R D 3 A AL B
AR LA BE R S Al 2 AR R S I8 A 5 7 K e Al
ZE LR N . Wi S50 2 5 bR (EL it o K T 2 L O T
L RO 5 28 A AN PR Wi S 3 R 18 — AN /N Y
o sl 2 5 B B R 1R G L B R W SUR

ARSCUAR i i 22 (A1 D S AR 5 33 A A L e Tk

BG4 AN R TR] R, oLy A 22 D 4
T“#éﬁ%ﬁaijﬂﬁz}ﬂi-EEHL,TLA@Q?E%HLLﬁE’JJim
{55 BN RE I, 52 B 4k BB B4 [ B 955 R AR e T
A 1t v BIL B 5 RS RE L T EL A DR R 4 JE T A LI ().

4 HREEPESN

B 8 Ca) « (h) 23 331l Dy o b R AR B B — 41 37 M i
e B IR R KA.

0214002~ 4



WFERAE SRR BOEEAR M B E B

(a) Near-field original spot image (b) Far-field original spot image
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Fig. 8 Near-field and Far-field original spot image
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Table 1 The spot center error between the calibration center

and center of gravity method

Object Actual value Calibration value Error

Fig.3  489.57, 518.23  489.0 ,517.5  0.57. 0.73

Fig. 8(a) 507.62,526.31 506.95,527.24 0.67,—0.93
% 2 A 6 Ca) A 8 (b) BT 7 ) W 41 322 3 0 BE R

FHAS SCT5 12 M A% B8 B4 Fi 0 35 814805 325 4R 44 19 3 37 't

BE PO 7 B B R TR B TR 22

R2 AXFEMELE BUSEREGERPLRELER

Table 2 The spot center error comparison among the article

method, the gravity method and the circle fitting method

. Actual Calibration .
Object  Method Error
center center
. 349.51, —38.49,
351. 25 —15.55
. 363.21, 358.00, 5.21,
Fig. 6(a) 2
360. 56 366. 80 —6.24
3 357.12, —0. 88,
' 367. 53 0.73
1 382.72, —6. 28,
368. 25 —14.55
- 394.61, 389.00, 5.61,
Fig. 8(b) 2
376. 25 382. 80 —6.55
3 388.17, —0. 83,
383. 39 0.59

 :1: The gravity method;2: The circle fitting method;3: The
proposed method
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