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Figure 1 Lens imaging model
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Figure 2 Laser speckle image with background noise
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Figure 3 Denoising process
SR e /Is 3R W 8 3k A A I 48L&, iE LA
MR C AL AR (xg,y,) , KEHA a b,
W 6, BB EN A (x,,y,) i = 1,2,
no W5 C .

=1, (5)

ﬁqj:% = (x —xy)cos O + (y —y,)sin O3y, = — (x —
xy)sin @ + (y = y,)cos 0,
08 N B HIS AR A RS LA R ¢ iR
2 8, WA 1D
2 2
xt,i yt,i .
6i= 3 + > ‘1,L=1,2,'-~,n0 (6)
a b

K w,, = (x5, —x5)cos 0+ (y, —y,)sin 05y, =

- (x; —x,)sin 0 + (y, = y,)cos 0,



5 430

R A5 < BE AT B Hh s A bR R R E ST b R MR L S B 65

RRAE G 22 B, 2 R IR 22 LR 5,
HME N

_ n 51‘

6=) —i=12,,n, (7)

n

=1

997 % 0y
1 " -
s§=\/n_1z<ai-a>zo (8)

i=1

Ma(7) (8)1H s MBEMER 1 - o IFKE
15 BE X []
s, s,
) _7t0.5a3(n - 1) ,0 +*t0.5a(n -

n n
A By, (n-1)=0.66, &S, =5-0.66S,/
Jn ,S, =6 +0.66S,/\/n . AIFFBE 5 27 ik
mr,

TELA I S a b MIERE 1 B A
G F K S k2 R (1 + S,)a FI(L + S,)b, ¥k
AN W R 5 R C, R

2 2

1)] o (9)

xt yr
+ =
a® (1+8)> b (1+8,)°
e P SO B 1 K g ko B o (1 - S,)a A1
(1 =S)b, MERNSUER TR C,

2

1. (10)

xt yt
+
A (1-8)° b (1-8)°
VU485 4 9 A6 8 A 1T 3 (b) BT o
[FIRE , T4 50 B S 4 A Im s AN 1 R ¢
WG C, iR 255351k 8, F s, , W =L (10) |
(11)48

=1, (11)

2 2

X Yii
a’ (1 +S2)2 ¥ b’ (1 +S2)2
A S, > 0, A (x,,y,) 1EC,ZHN, EXH
AR S, W 3(c) AN A7 S, < 0, 1
Ax,,y,) FEC,ZHNEK C, I, % RS,

xmz yl'[z

+

az(l—Sl)2 1)2(1—51)2
A FES, <0, WA (x,,y) £ C,ZHN,E LK
BRI 3(b) L0ABR 45 6, = 0,0 A (x,,
y) £ C, ZNDE C, I, & NI A&,

Wt L BTk R Tl g B R S B 4R
J& BRI 2 M S R e R A e AT G BB E a0
F3(c)fim, BEMFXMES -0, HS, -0, A
T S5 0 0 o W o A 0 o, An &1 3. () I
2.2 USLiEERA

S, —0,5,—0, Mk (9)7H

-1, (12)

- 1. (13)

- S - S
§——tys,(n—-1)—>0,6+—t,,(n-1)—0, B,

n n

B} 1 . — ]
6_\/n(n—1)2 (8, =8) 1,5, (n—1) -0,

i=1

(14)
5+\/( 1_1)2"4 (6. =8) ty(n = 1) >0, (15)
HC(15) -20(14) 13

1 - _
\/n(n D Z (8, =8)ty5,(n - 1) -0, (16)

n

X (16) W, Y (8, -8)" — 0,8l 5, —

§—0, 2 (16) LW T Zead K WIS | BE 54 13 4L
F D 5 4005 0 (B 1 5% 2 B (DK A T 0, R T 4
— ™ BRE A R 4 23 A A UL (B T A

3 BEBERIIBREERREIE

3.1 Ekigit

ARAE DL F B2 0 5 B T ik, B vk Ik R TR A ]
4 Frn, 1EE 4 ) Num, J9BE 56 B A 25 5
A, RRCER AR S, S, B AE X A Ui 41, p g R EAE
D] i K & Brs b B XOE R 48 R B
plx[countl] \pzx[countz] \ply[countl] N pzy[countz]
Ry I B A7 S B AR 0 AL s con, AL T AN
W C, AN 58 B B H s count, LT AN
IR C, 1 5 RN R B B H 58, MR A S
SNTIIEL €, MR 2558, A A, SNSUIIA C,
[ 22 5 con, R F ISR €, N 14 48 B 18 55
H scount, IFNSUHE C, 15 M AR 5
JE R BCH s e, R AN B A 22 25 15k 5 e, hy Y SICH [
3.2 HERKRE

(1) fE b i 72 1B v 2 18 3] 5 B B 58
R A (x,,y,) REBEHUNIRZ AR, 0T b RIE R
0 B0 A A Foe W0 25 M rh 4 DR e D A E N A
A0 B0 0 SR EsF K S, RN S, 3 YRR, e e S5O (5
S, = S/p AMTHERAR S, = S,/q, Hp+g=1,

BT T SO B €, P9 10 56 B I A B
ARETERL /N, BT LA p WU BN AR p =
0.382, Ml ik KRG WLk S, = 2.6185,,S, =
1.618S,,

()M FRKML R a R EE, /ThE
RAEAE W BT LALEAE 504 R i B A T B
AR s, Hr+s=1,Hp S, =rkS1 ,S, =5’£SZD X



66 AP PN i o QR o )

2021 4F

I |
cmmlf(),
con =0

—EagLE

Izﬁ

U()llnf1++
%&EX{;{%@EE;% I)\iﬁ;(xﬂ ) pxlcount |=x[i], o T
- [] : pylcount |=yli] 1
VIRRIEREN,
H.Bcon#0, con#0 i P ORI
I8,
[]
/D TR AEE, Ct?unlzz())
HiE SEMHEMES SR con,*
! Y
PRI, R @
Bh%E N
HHEE XS, S,
pxlcount ] =x[i],
Sk pyyleount,]-3i]

S=8/p.S,7S,/q

Num =count,

[ BE A R,y |
A R BR
JiH4o,
L

B4 EERREE
Figure 4 Algorithm flow chart
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Figure 5 Image combination of ideal speckle and noise
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Figure 6 Extracted contour image
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Table 1 Center coordinates of elliptical spots mm
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W5+ + B9 11,069 10. 195 10.888 8.909 10 10
WiE +E  10.856 10.409 10.749 10.081 10 10
WiE+#39%  10.176  9.931 9.881 10.593 10 10
BRI +4RK 9.949 9.577 9.680 9.612 10 10
MBI+ 95 9.933 10.294 10.906 10.476 10 10

158 + 5 + 4R 9 10. 980 10. 071 10.326 10.361 10 10

5+ 8 + P 9K 10. 967 10.642 10.773 9.600 10 10
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Figure 7 Experimental system
3.4.1 FREKFARA

PG A R G B (W EE R ) i CCD
AR T M, R T 23 220 3% 4 D 9y Ok 3 T ) 62 7%
AL, id 525 - £ 2R A5 WO B B A
8(a) T 7 5 28 PR AR Ak B AR A5 HLOR BE AR, 4 8]
8(b) Fr7m ; SR ) 1 i e B 4 HOT V6 OF 5 AT 2 5
FRiL% I 8 () Biom .

R FHE O i 7 10 FIAS SCHR Y A 59002, B8 3
DT AL, AL, S Bl B E A BEA T8 3 A5
PR DR IBURE 1 RO AR ARy, BB 5 2
PR .

AL=0.001

AL=0.022

AL=0.061

AL=0.08

AL=0.101
() BERER

(b) KEEK

(OFS. 3924

8 BRERLE
Figure 8 Speckle image processing
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Table 2 Spot center coordinate value y

Lk =1 vk ESCRES

10 2.351 2.418 2.402
22 2.340 2.382 2.378
40 2.258 2.358 2.345
61 2.237 2.298 2.310
80 2.190 2.286 2.282
101 2.203 2.257 2.261
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Table 3 Coefficients in the fitted mathematical model mm
ok k, k, k,/107° k, ks kg k,
GiRlIZS 2.5276 0.060 9 -139. 04 1.291 0 8.7552 2.700 8 -1.619 1
[ ReS 0.021 7 0. 000 4 3.4500  -0.003 7 1. 006 8 0.453 9 -0.278 7
ENER7S 0.020 5 0.001 1 4.4850 -0.002 5 -0.1252 0.067 9 0.045 8
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Table 4 Coefficients in the fitted

mathematical model mm
RS ¢, /107 ¢,/107°
ERIRNSES 4.176 2 -6.210 0
TR Tk 4.936 6 -6.900 0
ARE 5.560 0 -7.9350
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Table 5 Measured spot center coordinate value y

¥/ mm
AL./pm - i o

Bk e vk RE
11 2.3317 2.401 8 2.391 8
31 2.266 3 2.3556 2.360 8
52 2.2117 2.301 4 2.3259
73 2.203 2 2.3130 2.295 4
94 2.191 6 2.268 0 2.266 3
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Table 6 Comparison of measured and

calculated values pm
I Lk RS RHE
‘ AL, A AL, A AL, A
11 15.1 4.1 10.7 0.3 10.0 1.0

31 44.2  13.2 33.9 2.9 28.7 2.3
52 76.9 24.9 65.6 13.6 51.2 0.8
73 82.9 9.9 58.2 14.8 72.5 0.5
94 91.4 2.6 89.9 4.1 94.5 0.5
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Table 7 Comparison of measured and
calculated values pm
GIRIRY7S e Wik A

AL, A AL, A AL, A

11 15.7 4.7 9.3 1.7 9.1 1.9
31 49.3 18.3 36.6 5.6  29.8 1.2
52 77.2  25.2 68.7 16.7 53.2 1.2
73 81.6 8.6 61.9 11.1 73.7 0.7
94 87.5 6.5 88.5 5.5 93.2 0.8
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Robustness Research of Center Coordinate Value for Speckle Contour and
De-noising Algorithm Implementation

ZHU Xinglong, CAO Yu, MA Qian, YIN Junyao
(College of Mechanical Engineering, Yangzhou University, Yangzhou 225127, China)

Abstract; The combination of monocular vision and laser spot could measure the depth information. The laser
spot was irradiated on the surface of the object to be measured, after imaging by CCD camera, it would be
generally elliptical spot, the accuracy of the center coordinate value (CCV) of the speckle would effect of the
depth information. Due to the influence of surface roughness, surface bumps, pits and other defects to be
measured, the edge of the imaging speckle was scattered, resulting in noise in the contour after image process-
ing. When this data with contour noise was used to fit the spot center, the CCV of the speckle would be affect-
ed by the contour noise. The principle of depth information measurement by monocular vision and laser point
combination was expounded, the causes of speckle contour noise were analyzed, a method to eliminate contour
noise based on statistical principle at introverted and extroverted ellipse boundaries was proposed, two-step
method was adopted to verify the robustness of the CCV of the proposed algorithm. In the first step, ideal data
was adopted, that was, the known speckle ellipse was added with various noise points to verify that the algo-
rithm could converge to the known ellipse center, and the proposed algorithm was superior to other typical al-
gorithms and had better robustness. In the second step, the actual images of different depths of the measured
surface were collected by the image measuring system to obtain the CCV of the speckle contour. The relation-
ship model between the depth information of the measured surface and the CCV of the speckle contour was ob-
tained by the fitting method. The comparison between the measured data of different positions of the measured
surface and the calculated data of the relationship model showed that the measurement accuracy of the algo-
rithm was better than other algorithms, which indirectly verified that the speckle center of the algorithm after
denoising was closer to the theoretical speckle center and has better robustness.

Key words: speckle contour; de-noising algorithm; robustness; ellipse fitting



