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Extraction of Point Cloud Normal Vector Based on
Circumcircle Method

Li Yingying Zhang Zhiyi Yuan Lin
College of Information Engineering, Northwest A & F University, Yangling, Shaanxi 712100, China

Abstract In linear structured light measurement, in order to extract the point cloud normal vector quickly and
accurately. A circumcircle extraction method is presented. Every three consecutive points are collinear or not is
determined after the initial light stripe centers have been obtained by refining method. If they are collinear, the
normal slope can be calculated by the points. Else, the three points determine a circle. The normal can be gotten
by connecting the circle center and the initial center point. In order to reduce the shock, the average value of
each three normals are calculated as the last normal. Experimental results show that the presented method can
accurately extract the normal in comparison with Hessian matrix method and Sobel gradient method, and the
time to process a 320 pixel X 240 pixel image is less than 8 ms, which can meet the real-time requirements.

Key words measurement; linear structured light measurement; normal extraction; Sobel gradient; Hessian matrix;
circumcircle

OCIS codes 120.5820; 140.3460; 240.3695; 240.6700

1 5 5
28 25 F S T LR AR R R (0 R S AL 7E S A S AR T I
FH o RS8R I 2 3 T WO = 8 0 T8 1 — o ol 32 K 0 ik, 7 4% 50 PR P 9K A 2 4 S0P 0 0 P30
I 0 5 T A 0 G B 2 48 4 5 B e O B 1 0 R SR TR AE SR E — BT IA R
MM 5 57 430 1 A6 A 0 30 5l 1 T 0 4 R RIS, BLARURE LR T DA A R JE (Kb o S A P
S 0 2 T 2 e A S TS R B 6 4% s L T AR e 4 PR R v £ E v 4 1 3

Y5 B H: 2013-12-17; Y B & 2475 B #3: 2014-01-10; M 4% H AR B #3: 2014-04-10

HE&£WB: F%86311%(2013AA10230402) | [# K H SR Bl 23 42 (61202188) Bk vE 44 BH 1T K1 5T H (2012NKC01-20) , 1
TR P b A ARB B R 2B FE AR B 45 2% (QN2013054)

EE B v 22352 (1988—), 2, WL ok, FE N FIFFHLEDIE 2 7 fi A58 . E-mail: 768589089@qqg.com

SImE A sk BB (1974—), L R, BB NG ALEDIE 2 BCFE UM AR IR LA GE R A T4 T T Y
5% . E-mail: 815802490@qq.com Gl {5 BE & N)

AR SCHLF R 8O 15 1R UL P DG 25 T W www.opticsjournal.net

061205-1



51, 061205(2014) BN SEMYEBEIZFHE www.opticsjournal.net

— ORI P o BT DL AR LRAE R I v A R M R R s 3k T 1) X BORS A 9 SR Brh A

I3 A1 N T A e T Y B T AR 42 T 5k R 22 T R AR A B TORE R A 0 1) B ORAS BIORS
M ERZER . JUHEN TR Z ATk R R A M E Rk, 2 2 AR 2> (MPU ), e e 5 a2 59 3%
R B AR A 00 A0V SR 5 A O T T S FIORS i 09 3 1) Bk o A0 2R RE A8 At B TR A A 3 1, RIVAR S A R
W 7 N Ah B 5 B LT SME o BE B ™

SR, R X T 2 7 5 B0 PRI TR = Ul G At 25 i 1] U AC 33, 325 1) 2k 0 A P B — AR D WG TE , HRin W A
(4 58 2 4@ HUTT 12 47 Hessian R [ 15 F1 Sobel 1 B2 7 , {H 72 — 3% AN RE U803 FURS BE [R]85, PR H AF 50 K5 fy ek
FEBUS Z IR R JT A B

2 A IR
2.1 Hessian %6 P& %
Steger” | il Hessian % (415 2] [ 14 ' 4 80 1 ik 2 ik 1), 766 45 % v Hessian 0 14 1 278 N
glr.y)  9glx,y)

Ix’ dxdy rooor.
H(x,y)= ® z(v)=| " 7, 1
() glx.y)  9glx,y) %) L T,J )
dx 9y ay2

P g(a,y) & 2w W BUBEAR AR O T R DG AR KB 7 ARk o 2(x,y) & DL AL (v,y) L, K
/N5 TR e A A RO 5 A UG B o PR R R BTE £ T 1) R i B Hessian J B4 4 fiz 7 A (D X 7 9
AR 1] B 2 1 o AR TR E D7 ) B AT 2R ) TR e A 80 D I AR R A E

Hessian A [ 25 HATRT B @, AR PR AP 25 U i o (EUE AR (D30, TTZOT R R LR B L& BT E IR
o 307 B TR R AR R O DL S IR e PR AR B
2.2 Sobel ¥ E &

AE 2 JLAE R T K BRI 1 5 Bazen" T ik T AR BUL MBI T A o B f(.) AAIME AR S0 L PG 848
RN () KRR BEE AR, Wi A 25 8007 T 5AE .

THER AN (1) AORR BE 2% i
T
v_|of of
_| Y a 2
[6,.6,] [ax, o @)
1) 2k JH Sobel # B 5 F 15 ()) SAE « 105 y I LREEEE 6, 5 6, A FmE 1R,
@ (b)
1 0 -1 1 2 1
2 0 -2 0 0 0
1 0 -1 -1 =2 -1
51 Sobel 5. (a) . Jy M ; (b) yJ7 M BAR
Fig.1 Sobel operator. (a) Template in direction x; (b) template in direction y
2) K il Bazen J5 ki1 B KA A5 (1) AL RS ) S
LA (i) 2 D 0 a0 X 0 F- 3 TS AT ) DT 1) 606.) -
vx(izj): 2 [Gf(uv’u)_ Gf(u,v)], (3)
i)=Y Y 26,006, w), @)

061205- 2



51, 061205(2014) BN SEMYEBEIZFHE www.opticsjournal.net

0(i.j) = %arctan Z(ij; (5)
AP G, #0H 6, #0, WG 56, Ro, WH T mHMHHO.
BRE AR AE ST, (i) b 1 1)
T(i.j)= 0.j) + /2. (6)

IRIGAEIEZTT 1) b O R B0 MR A Bl B O 26 80 0

3 HMERIJTE

N T e AR A ARG L (R, S SCHR T — AP MR B SR U o 10T A SR T R R R IR A = R
B R — A B 2 3 0 AN B b AR — S B A TR 4R, AR 5% R BT TR Y R IR 1. AN BT 19 20 3Ry Dy
A )X BEGRFEAT I A R g 307 80, 2) T O it o (12 ) PRI A7 IR (R 20 31 o R B (R R AR A Ol 3
e A DX P S Y ) MR AT SRR BRI o, CFRTKIE D B, 5 7 S S R TR L B
o CFHREER B, , BURHY B IRIE N B=oyXB,+a, X B, o Mg/ INIKEE AR 2 die ROK FEAEMRUGE T o, 24
w AERF N0 T 2206 g = oy X (B, ~B)+ o, X(B, = B) T RIS, BRIV Ay 73 ) 1) i A 10 o 680 {0 1) ) &5 2R dn 1] 2 i
R o

K2 B HI 25 2R A
Fig.2 Results of threshold segmentation
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Fig.4 Initial normal get by circumcircle extraction method
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Fig.6 Result of first image. (a) Original image; (b) Hessian matrix method; (c) Sobel gratient method; (d) Circumcircle

method
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Fig.7 Result of second image. (a) Original image; (b) Hessian matrix method; (c¢) Sobel gratient method; (d) Circumcircle

method
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Table 1 Time comparison of three methods

Sobel gradient method Circumcircle method

Hessian matrix method
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Table 2 Error comparison of the first image

Average error /pixel Maximum error /pixel
Sobel gradient method x:0.185, y: 0.714 x:0.518, y: 2.5658
Circumcircle method x:0.053, y: 0.345 x:0.377, v: 1.003
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Table 3 Error comparison of the second image

Average error /pixel Maximum error /pixel
Sobel gradient method x:0.027, ¥: 0.786 x:0.075, y: 2.661
Circumcircle method x:0.003, y: 0.299 x:0.037, y: 1.000
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