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Algorithm of laser spot detection based on optimal arc

Cao Shikang, Li Dongjian, Xu Ruihua, Wang Wei, Wang Zhengzhou
(Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi'an 710119, China)

Abstract: Laser spot detection is the key technique used in optical measurement, and widely used in
optical measurement system, optical automatic alignment system and laser communication target tracing.
In order to improve the optical measurement and anti-interference of spot center and radius, a kind of
laser spot center detecting algorithm was put forward based on the optimal arc, according to the
symmetry of a circle, the algorithm overcame the interference edges, and then selected the arc with good
sysmmetry as the optimal arc to provid the fitting data, calculated center and radius of a circle by using
the least squraes method. And it was compared with other commonly used algorithms. Experiments show
that the proposed algorithm has high orientation precision for the center and radius, fast speed, and can
improve the anti-interference of testing center. The algorithm is suitable for real-time detection.

Key words: laser spot; circle fitting; optimal arc; least square method(LSM); image processing

Y fs B #3:2014-02-10; 1&1T H #1.:2014-03-15
E£WAB . 1K A RF 254 (6410031564)
TEE BN I 0981-), B B OF o0 5L A, E N R G s 5 5 B ATy A WES . Email:csk810123@163.com



% 10 # FHRF . ATR

5K BG gk Sk s P s e ) B ok 3493

05 5

TE 627 M B 7 40 vh 2480 4 BOGAE ot e SR
WOEEBER AR T R AE S AL E BT LA
JEOGTE O BRI P T R G RR BE L TEOL I
HEhMEE R G, & LLBOE G BE O AR S B Xt
BEEAT F B E B, OGEE O i R R e TR A
JE Y R GO AR T AR PR WOLE E B b R EE
DG O Y VB R e T A RN R R A R, S
Z SCHR[3-4142 ) T B AL Hough 2% #t (RHT) , % 7 %
/> 7 Hough 78 4 1 3+ 58 5  (H & T T4 68 J1 Aot
Z % SCHR (5142 th T — i BE T 5k 2515 57 1Y O Ot 3
v R B SE AL T I XA O b TR e ) o (B FE R
K, Rl R 58, 2 % SCk 6] 3l T —F & 28 T

b P8R O L PR B E AL A, B T
SRR 5 225 SCHR 710 FH =IE AR K {8 400 11 92 35 B 22
ik ih %k, THE AR/ AR AR O AR A B 1y rh
O BB E R K, % B TE 1R 20 )
1 25 #EAT B4, A R R v T O s RS B
HHFXERMAR, Afe R E R TIEM ., Lk
W 5% AR 4R v T R SO 6 BE bt 19 S B SR
T AE S5 B Hh s B B v 6 T R B0 o Bl Y . AR AR
FEAE . 32 30 T 30 Y G Y A SRS B2 R B 32 38 R
) F 2 52 I W 2R a&chP%tHTeﬁ%aﬁﬁ%ﬁt
IR e /N AR B A SRk, Bk TILE
FIBCHE i, B I B T LA ﬁdﬂ%ﬁﬂﬁ&ﬂwc
XS R B

1 EREZESH

FE DT SO G BE oo R, w R R R I vk
A :Hough 28 7% |03 A5 AV A2k, T I ] H
I LR R A,

1.1 Hough T # %

Hough 72 fffe 12 1 46 0 il £k S 21 . 3 2o 2 4002 1)
Bl 5 R a=f(ar, as, - e x,y), B ER AT =
25 ] 4 (x, y)ly%ET@Jf‘a& [E] (ar,az, - ,a,) 09 1l 2
I, B A BHRZS B AT n A 5080 AT LA R 2 4% %5 )
W e A5 e A RS Y AR T RS T8 R D)

Z:fas 8] bl 2 220 TR — AR (an, as, o0, i), BT
i 2 PG 2 () il e 0 R IE 240

Hough 7 ¥ FL 75 68 % B 45159 2 45 F &2 24 2 80,
AIEEME L TE MR RIE B E A X R R A
AT RE A ) 5 B AR A AL A O 5 R R B L
TR =Y os [ rh BT A S TR PR K B
BRI AL BRI E 245 ) o'y, A1 B T 78
2 SRS
1.2 |

T 75 S O AR b B B 256 94 K
FE , SR 5 R 3OO BE 0 o 838 R 5 R 1 K/
i XxY & E IFR BLL IR (4175 j AR K
JEAE, W E O REARN

zfﬁ Y., Bli,jlxi

X= (1)
2 Z, Bli,jl
Z - Z Bli ]]

HL 5 ] B PR (RS PR PR B2 RO BERY
TR ZESR LB ™ M | 3 L PR 22, METR PR R HL
ARETF R AR
1.3 = EEE L&

BT A A AR B O OL BE P L 52 L I S
LOG 5 16 B i1 G 5 o B AR R RS, AR5 181

B2 () RS 1 Bk — 20 A o), (Ol 3 % i 3K B &
?ﬁF‘LLM HREA DR L

A E AR R, HEOROERE N GO B
EUE MR TN I FUE ¥R S NEINi P
P ] B — it %, B L) A B 0 v 69 5 0 RS B
e B 3d A ST R 2 A R IEATACOE, SUE M =
TSR A IR 10 R A, X T SE B O R A A AR AR B A B
AR MEAEE R

2 ETHRMIMBHMEHEMEGEE

8 S PR I T % PO EBE AT RE I AN 58
B B0 S WO B — ey P I — o, (A
JCBEIN GA TN A SE R AE T ROLRE L 2 R
A ERE(E, SR B LI N HERG . b T DB
TR HER |, SR UL OGS A — F8 2 i I 92k i
/N A HEAT B LS T DR L
2.1 SMIMEBE

ARG LA ISt 2E [ 2 A T AT AR AR A
B R HoF TAL B, #RJ2 5¢ T oAy o EL AR XS



3494 Lo bk A2

% 43 %

PR A, PRI, 2 08 IR 30 2% 1) e 0 90 25 ) 184 Bk T A
T LA RSN A B X AR AR HE AT DA, B BOXT R R
B R A HCRR AT

WA 1 s, s A NI AT T R TS
i, it o P LA 28 28 3 (3) 8 A w3 e =2 I 19 i

A A

Y "
X,
A L
X,
c F|X, D
B X

BT e AR R A

Fig.1 Map of center point set
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Tab.1 Data of manual image detection

Algorithm Center Radius  Error of center
Value of theory 1350,962 100 -
LSM 1351.816,963.335  98.37 2.26%
Optimal arc 1349.732,962.357  99.23 0.45%
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Tab.2 Data of laser spot detection

Algorithm Center Radius
Value of theory - 359.1
Hough thansform 607.287 ,455.967 355.974

LSM 606.637,456.343 357.055

Optimal arc 604.908 ,458.413 358.360
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