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Robust Method of Linear Structured Light Center Line Extracting

GUO Ling', ZHU Mao-zhi’

(1.Guangdong Technical College of Water Resources and Electric Engineering, Guangzhou 510635, China; 2.Guangzhou Fudan
Auto Science & Technology Inc., Guangzhou 510660, China)

Abstract: Detecting light stripe center position accurately has critical consequences for the accuracy of the
structured light measurement system. A robust method which extracts the light stripe center by multi step is proposed.
Firstly, the noise points are moved by adaptive thresholds. Then, the initial centers of light stripes are obtained using
expansion and thinning algorithm. After that, those initial centers’ normal direction can be gained with their gradient.
At last, the sub-pixel center line of structured light is obtained by computing the gray-gravity along the stripe”’s normal
direction. The method applied to a tunnel contour deformation detection system which measuring principle is linear
structured light. The test results showed that the method can accurately extract the center line.

Key words: linear structured light; light stripe center; tunnel contour; deformation detection

LRAHOE Ga H R HOE) i S P AR A AL,
S B - S AOET  BIE FIZOBA N O R i
AR BT HLSE B B D 1A — E 1 SE R, (150
FWA—EMTEE . T35, PR R ARA RN
IS SRR A — 2, BGRB8 10 35 A 2 1A
JEARY IR, HOG SR M SR 5 o k2845
G AR R B 28 S0P 3R U AAR IR , DA 40
BRI BOE A0 PO R IO 2R 454
e = HEILSE I BB A O Rl

WL G AR B L R BRI A R B

i BHHA: 2014-04-26
EE&WH WK1 H R I (2011BAGO1B04)

WAELTE 6 B8 B L S, X 8 7 3 S B B 3
Tl AR KA B SOLE WIS T Tk
T B B Z5 R e A b A N T vk 2
7 T RS A AG I 32 £ T3 1) A8 A AR B9 06 2 S0P L
AIEAR R AL o 27 BT RE D, HAT —E Y
WA ARE T EIH R AR 2 . IR R DL AT
AR g - 2 4544, Steger 1] Hessian AR5 51141
B SR BURIE L DT ], 8 5 SR L2 07 ) b AR
BB BRSO ORI MAR R AL . WIHSEXS Ste-
ger JNIATTRBCR AT 7okt Forp W AF Iy i)

VEZ I 3555 (1974-) , 2, T ZANL WL, FLO0r 1 AL E AU R IR BT



55 43

RIS BERDGARBU P DR A BRI 31

LA I FR I Ty 0] [&] 22, {EURS A 155 5 Steger J7 16 H
AREE B SR A BRI R AT
ok &

IR T 3 Tk S ) BRIt b P PR 1Y
L AN RSS2 ST i T E/N e A IS S ]
Tk T T8 O S e ke, 0 o e RS, S A D
WE 1B A8 TV B A GRS . SO T2 BOE TS g 5
FAGAIL L L D % 2% 2 AT S0l T 900 3 4 iR
JERGI . T RRE A B A R SR A, AR
B 0% 1B HE T AR S T 2R, B T B2 S PO BRI
EARIE . R I — M 2 P PR R R O v
T PSR T IE N S VA A BRI R AR SR DG 2%
igZ Ik 0 A A A5 B W) 4R D' 2 bl SRIBGZ S R BR JEE
RO R A BB T W, i TR 2 )y i
SR DR BRSO R R A by . 1 ELR% JE
WE 1 PR,

K1 L1 EkEE

1 GEHREEL S HFE

— RO AR BBOE R, BEA R ST DG
B, AR SR E I, M2 — Fh 451 H AL RR R
4 G, TR 2 iR i 2 Sl ) e B R
AL R IR E 2 = YR AR bR x, v, 2 O BR L, R0
B EDEHE PO f e, [ ANE s . O
ZAE B AR B — V-1, 206 V- bR —
TEJRIE Y, E 5 B AR R RSS2 R A — 5 TE
RESE Y Z 26 FRZ D41 12O AR Y REITE DL
SR 0T AN S P TR T R AR DA g 3 A T L
SeVERB AR, A a3 i

300
i 250 A
E 150

100

1 2 3 4 5 6 7
ECITETEES

K3 e ARG A 7R B

2 RFHLREIRER

H & L FTE 3 BT LE e R A £, Bt
Ay AN EY QSR R AT A R IO iR
BRI LSRR RIRE . CPRAZE T
PEBOEAE T

2.1 BENBEERBOLE

HT T R H A P PR R A, DR I T B
1 DL RARAR I VEO 3, S T A 3 O R A B
e BT

B S AR R SR R BB S 5
HRORAEL AL, S XA fie R AR 206 2% B B
Mo =S BRI W, QR T B, A
JE MRS R ARG A ARG AT — S i Ab B
A T R BSR40 W AL A R D 2% P
sty AR AL s (8 0K BEAEL R A, B30t A5 114 ) 5
B {E o B fe KBS K JE O gmax, B AE D ¢, W 4=
gmax-k, Horp kN 2290 (0 o BT LB c il 2 AL 5%
JesR R ORAE N F LA K E LA R . XA EIY
TR IG5 B B{E AR A — R, B A5 81 T8
S A AR AL o

2.2 [AKkFngH{L

N T RESROG AR Y BT R A, AT L SRS
H T D0 A5 B A R 98— 6 MR R A
A1, P LB 33 BB H e 2k AT I K . o 2.1
B A ESR BR AT AL, 3x3 B A I 50k
2 S RO (EAR ), BEATRZK .

2.3 BEEL

K 2 B J5 0006 4% BEAT iR R4, 7 k2 1
11 SRIBUEE— 31 2 KR O 26 1 ol s, LA
DRI



32 bR R 5 A N

B $29%

2.4 KEFAEHEZFE
SREL2.3 IR GO0 . B f(x0,y,) 2

BIUG GO IR PR K AR, SR ] sobel 337114334
FAEx I3 10 #y J5 18 IR EE G, G,

1| o |-1 12|

2 | o |2 ol o] o

1| o |-1 T I I

x J7 T A AR y J5 Tl AR

Kl 4 sobel BT

R 4 Bazen %" 5 vk, BB Oy M E @

(—5 <p<y )&
= 54(0” -G,,26,) (1)

K(DT, G, -G, 26, JE 5 (xg,y,) FHOAHER B 1
W I — B S E s A

G.-G,=> (G-G) (2)

26,=Y 26,6, (3)

FEIEEH D AT (v, y,) TR T W R

=+ (4)

2
2.5 EiDERBUOEE PO AER

BRI L AT (xo,y,) BIOEARTERE R A T

LT, E%ﬁtlﬁj‘ﬁ SKBEE L AKX
ZAfo
xg)zii (5)
ZAf
ijf(j)
y(/|:+77 (6)
Z J0)

U\ﬁ'ﬁﬁ%‘c%ﬂW%?F&E’Hﬁ UL ERARR o
3 SKIGIIE

FEFEL T Bz i 11 475 F g 4 i b 2 45

I, ZRAEHL D B AR OE R A AR BRI 1
280x1 024, BOEE N 200 mW, £ %6 2 mm. 5k
ARG G . W PC Pentium2.8, WAE 1 G EHL,
Matlab Fiz47 3082 B S~ 8 43 e R iR
K FH 3 I RS R K S Ak s R

Ko BIE AR K&

K7 Stk

K8 Aifb)slE R



4 FRIGEF AL AR B D E A B SRR 33

TEAT ELRE TE W E AT IS A a5, 7EFR R 1A R
il A SO R DT AR OB ZR ARG 54
(0 A bR (05 ELREIE 76 T A 0 A bR i) o [RLERE, A
POLIN L ACRIEOE B I X 5 A4S R S PR
et o A RGOSR AT I AR R 5 SEBR AR AR FE X

MR RGNS RZE . WHEEERINE L,

i<
e

T SRS AR H A B R A SN
AL 5 B0 B H e s R G B S AR B (O T ]
PRI g BLIAN R, MR 25 R AN 3R 2.

K1 SCPITEIESSR

xJ7 ] /mm y 77 ) /mm
Z;;éi N T A R E;ZE N T A R
M 1206 1206 0 1733 1733 0
M2 1719 17185 0.5 3105 3104.6 0.4
W3 3897 3 896.7 0.3 4223 42223 0.7
55 4 5871 5 870.6 0.4 3 444 3443 1
M5 6 668 6 668 0 1759 1759.3 -03
FAE 0.24 0.48
F2 MR EIRIL I AR
7 1) /mm y J7 1) /mm
Zii ATHRE B ';iii ATIRE R
M1 1206.4 1206 0.4 17335 1733 0.5
i 2 1719 17185 0.5 3105.5 3104.6 0.9
3 3 896 3 896.7 -0.7 4222 42223 -0.3
M54 5871 5870.6 0.4 34425 3443 -0.5
M s 6 667 6 668 -1 1760 1759.3 0.7
FEE 0.6 0.58
MR T AR 20 LIRSk SO 38 iy 7 FrE SR 6, 2011, 11:203-209.
PEEU R R 454 e 45 Th o0 /B, P AL 40 b 3R 7 =X kG [3] ’é%ﬁﬁ,%ﬂl,xlﬁ%ﬂ-,#éﬁfﬁ S GO I A R AR
BEE FRIGE(]. U2 a8l R 22241k, 2007 ,41(1) : 73-76.
[4]  FoR— RGARE KOCHEH R BESE[D]. M5 IR : W 7K
4 & B TEHL T K#,2011:30-50.
[5] Mgt o, BUBIE , S5 2R A5 H 0 — 4 BE I it
RIS RIS H 1.0 P IR 480 SRR AL TR A 201
1/ D > S I 4
;;; T} ﬁjjﬁi fg;ﬁ;f;f ’ % %;“: 161 R .S TR
CLEERES ORI (D). HEEHL TR 58, 2002, 11:59-60.
EN1 S NACE £ 38 8 I PR O [7]  Steger C. An unbiased detector of curvilinear structures [J].
LI 7 ) R %:k o IEEE Transactions on Patten Analysis and Machine Intelli-
gence, 1998,20(2) : 113-125.
SE 3w 8]l ,J%Jza:*ﬁeﬁ:%szszqwzazmmz@%%%mmﬂJ]

(1] FEAEZ, NER, THEE, & 450t =il & R 500
b B AR, SeHs TRE, 2014, 5:52-56.
(2] FI, Seiuk , wezs I, 25 250 566 4 bt S 45 B T

SeRF AR FH L 2005,20(6) : 59-63.
M, 7 A O BRIV, ot R
#,2001:12-14.

(CFHeE57571)



55 43

FRCHERS 55 RISy B2 AT IR (7 Tk 75

[10]

[11]

[16]

[17]

[18]

[19]

surement of dynamic deformations using a path-unbalance

Michelson-interferometer-based optical fiber sensing de-

MR 5 RALISC R SR (6 i 58 FH ik 0] o
A,2003,29(5) : 581-586.

vice [J]. Optical Engineering,2003,42(3) :662. [20] F2EA=.Z o 2 ]I St VR A e i D
Osami Sasaki, Chikao Togashi, Takamasa Suzuki. Two-di- ERIFSE D)L AT Jb 5T 5C il K2, 2012,

mensional rotation angle measurement using a sinusoidal [21] Igor A, Konyakhin, Tatyana V Kopylov, et al. Optic-elec-
phase-modulating laser diode interferometer [J]. Optical tronic systems for measurement the three-dimension angu-
Engineering,2003,42(4):1132. lar deformation of axles at the millimeter wave range ra-
Takamasa Suzuki, Takanori Endo. Two-dimensional small dio-telescope [C)// Proc. of Eighth International Sympo-
rotation angle measurement using an imaging method [J]. sium on Precision Engineering Measurement and Instru-
Optical Engineering, 2006,45(4) :043604. mentation, 2012,8759.

B L O F BRI B i SRR R B AE[D]. K [22] Konyakhin I A, Turgalieva T V. Three-coordinate digital
L RHER2#,2000. autocollimator [J]. Journal of Optical Technology, 2013, 80
i NIRRT R S AU AR BR S % (12):772-777.

JE]. Ot 54045,2004(4). [23] Tatiana V Turgalieva, Igor A Konyakhin. Research of auto-
XUPREN , W48 T B 2 S DN S B ARG % A A% collimating angular deformation measurement system for
[J]. IS 24, 1998 (2). large-size objects control [J]. Optical Measurement Sys-
Plosker Effie, Bykhovsky Dima, Shlomi Arnon. Evaluation tems for Industrial Inspection VIII, 8788:878832-1.
of the estimation accuracy of polarization-based roll angle [24] JEIK 24 QA TS LI AR TR I 42 1) — g 0] 00 4 4
measurement[J]. Applied Optics, 2013, 52 (21) AR,2013,32(4):15-19.

5158-5164. [25] Flewd, IME—, 26 30, S TR R AL BRI R
S oW, R R R A T IR ROG RS 5 A P i AFEE N5 WS SEME R A5 )] PR OB
L3 AT £LAM S5O T A4, 2008, 37(3): 525-529. 2,2011(5).
WANG Wen-liang, TAN Ji-chun, DENG Li-xin, et al. [26] YU Qi-feng, JIANG Guang-wen, FU Si-hua, et al. Fold-ray
Three-dimensional angular measurement based on moiré videometrics method for the deformation measurement of
fringe [C]// Proc. of Sixth International Symposium on nonintervisible large structures [J]. Applied Optics, 2009,
Precision Engineering Measurements and Instrumentation, 48(24):4683-4687.
2010,7544. [27] Yu Q, Jiang G. Measuring deformation of large vessels
A oR IR R, R, S5 R = dE A AR 0 B with innovative broken-ray videometrics [C]// 22nd Inter-
q:ﬁﬁﬂﬂg;jj/f DGR 2005,31(5) :761-763. national Congress of Theoretical and Applied Mechanics,
TR, RGO, BT, S — RS CCD &I & 2 Australia:2008.

(#2223 70)

[11] HUA You-jie, MA Hong-ping. Synthesis and packaging smart [J]. Science,2005,308(5726):1274-1278.
performance of regular spherical YAG Ce’* phosphors for [13] AeBA, H2r ik, 3k, %0 T HOG LED AL BRE

white LEDs [J]. Chin J Lumin,2013,34(4):427-432.

[12] Schubert E F, Kim J K. Solid-state light sources getting

YAG Ce™ 9 N1 il £ I B REMF 52 ). K OEHFR
2013,34(4):427-432.

(#5533 70)

[11]

| e S TR O RGBS = A X 4L
ARBEFED]. I R, 2009.
Bazen A M, Gerez S H. Systematic methods for the compu-

tation of the directional fields and singular points of finger-
prints[J]. IEEE Trans on Pattern Analysis and Machine In-
telligence,2002,24(7) :905-918.



