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Abstract Fast recognizing, positioning and surface detection of multi-shaped objects in complex environment are
studied to satisfy the requirement of smart machines, which is expected to grab the objects or inspect surface
defection in complex environment in real time. Fast recognition, positioning, stereo matching and post-processing
algorithm of point clouds are discussed. At first, new targets in the scene are recognized by robust principal
component analysis, and the image location of the targets is accurately acquired by improved k-means clustering
algorithm. Then, the region of interest is screened out by support vector machine, and one-dimensional searching is
carried out by epipolar restriction to obtain the regions to be matched in binocular images, and local three-
dimensional point clouds are quickly obtained. Finally, special denoising operation of point clouds is conducted to
reduce the error. The experiment results indicate that the proposed algorithm effectively reduces the running time of
the process and effectively reduces all the noises caused by complex backgrounds, and improves the accuracy and
adaptability of point clouds acquisition in complex environment, and it is a robust, effective and fast algorithm for
three-dimensional point clouds acquisition.
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Fig. 2 Schematic of RPCA scene sample training. (a) One of the scene samples; (b) target sample; (c) training process
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Fig. 3 Schematic diagram of RPCA in image segmentation.

(a) Image to be segmented; (b) high-rank noises (targets)

2.2 i k-means B

H b 58 86 1 020 AT DAAE Ry LG E oty . R
A& RPCA #2819 H A5 23 | 38 N 198 43 %1 5 7T
RE LS B b A B B AT B bR i e s, 52
W JEC O A A B RS BE , AR 4 Ca) BT, MR s 45 6, 8
B T 25 24 kb B 5 5 0T DUAT 8 R bR g e

B PR A 8 B R O 17 B R TR N S — AN R R L (H Al T
AE2 FECH ARG B A 4 (b) 4 (o) iR,
MW BB FA TS b-means BEME S Ik
TS5 40 BRAR AT 1 35 LB O AE S R KO )
1B, [ B A SR 2 2 (It 1E 8 19 B AR B 38 3 2 R ak AR,
1530 Hbn bR R 2R A 45 .
k-means A3 i kAT ARAT e R R 2
D FNXT AR A R, X TREALE D= {x,,
Xoss X, s FHE B DREPOLWVME = {p,,
Pt sl s k-means R RF LM H bR & /DL
T IriR2%E
E=2 > |x—p.i (5)

RP O ARE D p SRR (x| x €
CoV RS D S B hr . B HE 85 L5 I
3K o B BB BN TE 2 O B

B 4 LS FRACR o Ca) X e BRI A 1Y 1 368 N7 130 6L 2310 5 (b) B 25 2 AR 3 5 Co It JBT X I 437 ¥ ) 4R

Fig. 4 Effect of morphology operation. (a) Adaptive thresholding segmentation to high-rank noises;

(b) morphology operation; (c) corresponding pixels in original image

4 R AP A (BB ™ B i 2 LS SR 2R L
ISR R RO N BB R AN . B B ]
LI k-means 528§ 18 45 3T 42 Jmy B A A 1Y 3R
FUME  JF AR B ERG A0 B R, AR SO T is S Ak
PHAT 2 H A5 58 B 0 3 UG, I K HEAE R k-means
R MIE, B

S

x€ XROL
Bo=gwcH"
K SCHRIILEFA BTN A HERIX k514
R, {2 [a € Xow ) N @ A HER XN B S8
BEBIRES .

B 5 R R B AL K AR S E
AL AR B AR ERUSTG . BT AR (A
G R BT A H R BT B AR XA L OB B & 2%
Ab BHAR AR A 3 R BT O A S R 2l B PIE 72 R B
b ZAH B E R TR, g0t 22 R 3k AT BIOKS o 1 &
A5 58 A6 H O Bk R B AL R TR AE
2.3 ETF SVM i B R X8 0% 1%

ASCiE I 2Rkt SVM B, %F | 3R B 5 X

(6)

step 2: get contours centroids
step 3: /é 3
tialize clustering 'C

centers pl/f

step 1:
morphology
operation

N\

k-means clustering and positioning

5 Mt F-means KT
Fig. 5 Improved k-means clustering process
BGHAT 5 25 B BR AN IROS R 1Y) H AR, B AR S 300 = 2
AR E R, LM SVM AL B Ar & 12 4 [H
Ak H Ar i Ltk 3oL, B

minCZ [y cost, (8"x )+ (1 —y@)
b =

cost, (8"x ) ]+%20?, D
ji=1
Hrp,
cost; (0Tx)y=—Inh, [x7]

s (&
costy (0"x " y=—In{l —h, [x"]}

111505-4



55, 111505(2018)

ANSHBIZFHRE

www.opticsjournal.net

K C HE B, m AFEARE 0 AFRIEE.0" RFF
?Ezﬂbjiﬂ/ﬂm%, (x(') ’y(” )%J/Eﬁ 7 ﬁﬁzlgehg(x)y‘j
SVM myfi s 55 74, B

1, 0'x =1
hg(x){ 9)

0, 0"'x <—1°

YIS L 5 B 28 % 4 2 K bR 10 1 BE A A 5URE AR
A REAR I G A 2 80 4 4 A X B AT 4
A BN BT BRI KOG HR H bR, SVM
SRR 6 R

(D objects to be
training set classified
=" ¢ step 2
> input image | labels
: of the
objects
tstgp 1 step 3
raining classfication

K6 SVMrZmiEal. (A BARXE: (WD FrgE N 1 EFR; (O iiirg 0y 0 09 HAR: (DIN5 0250

Fig. 6 Schematic of SVM classification. (a) Input regions; (b) output targets with label 1; (¢) output targets with label 0;

(d) training and classification progress

Y5 T A B S H AR S E AL I E 6 Ca) i,
SVM 432007, 8 LW T e 20 1, B/ 3 T4
PR R 0, I 6(b) S SR XF AR %R 1 B 1Y
H ARG L LR 6 (o) hy 2 BB bR 2 Ry 0 1
M E AR BESE R . PUN BAR AR TP, 238 SVM
VB
24 ETFIMREARNEEGEREN

i b, B x4 A B AT — W E ik B
PR 8 S 44, BRI A3 2 X0 H K& xR B bR X
B, B, HAE AT PR BRGNS L O
EE R I . A SCFE S F T E BG5S 4R
Yo AR ICH AR 22 R A8 5 L DL E BRAML R
TEHE N B UG A A, W B AR A A R P i AT
— Y AT B A UG B bR AL, 58 B RGO
N H AR B R AR AL, X A R A T
ANT R HEA T — R SO R B TR
2.4.1 BEMAEW BAFR BRI E

TEXH M R G, 2247 AR T TE b 5% 0 )
B PP R AMBRE 2 HOW AR B R 2 AR S
A BUTEAT AR BT 0L 5 FE HR B i 4k - 4T
AR 2R HE 5 B 22 A7 W E BHZRRT, TEBCAR R S AT
SHE L E 7 R

W 8 B/, 76 I 8 € 7 th A2 U %8R H b
A FRTE XS5 LHO AR N2 B Pl IS
SRR R I AT EHR P, b 15 B e fE DL
BC A, 58 A R A BFRIENL, B 9 (a) Fl(b) 43
S 6 (h) Rl Co X R A7 R B b fr g R . R
WA T XA — A R BOE
2.4.2 MEMSE

H Am X A 22 47 R B AL B 0 8 5 BT 1647 JR)

NP
7 )
le;ft pixel ‘ right pixel
coordinate system / \ coordinate system
P \P epipolar line

AH
v

left camera right camera
coordinate system coordinate system

7 AMR A R R
Fig. 7 Schematic of epipolar line rectification

matching
point P,

(wo]

object AObJECt

-.._.,object A __lepipolar line
TohE: 16t

object C

right image

8 MR T E M 2 1% A D TE A

Fig. 8 Template searching matching

left image

point through epipolar line

B9 HEMET R ERXIBEN. (15 Hir:; (b 05 R

Fig. 9 Positioning of right image objects.

(a) Targets labeled 1; (b) targets labeled 0
FRSARVERC T Jy 38 37 K DG TBC 5 1 A1) S Je 2 i X
ST AR B A AR TG AT R R A R AL A L, R X
2 ) R BEAE HEATAE TE . A REAS B E B AL 22 K]

111505-5



55, 111505(2018)

ANSHBIZFHRE

www.opticsjournal.net

HIHAB ARG R WA 10 frs, Hof o fil ol 43
WA H AR BT AR X 22 bR AR AR R AR bR &R
o1y Mo xo.y, ERIREARAR A IR 20 M 2. X
T BN — & Qo TEAL KR R 3518 g
Rl q..q FEAEFR R xloly LRI AR BR N 21y o 76 AR R
R rioy LWBEABIRR 20 .q, FEARIRR 2000y b

o x, x,

| 10 11 1

2 '
Ol" iy 4

—

y{l

)

MR AL AR 2 s FEAR AR R 20y, bR AR bR
Ta. Wd g Mg WESWE. A Hq Fq, 78
BEABRR xioiy 1 2 0.y, FRAFHIU2E
d=xy —x,.d =xh1— 2,
Ty =zt xhxn =20+, (10)

H%jbli%ﬁﬂ?% d:d,+(11<1_1r(>)o

F 10 HriHAFRE &

Fig. 10 Relationship between new and old coordinates

25 maEBRHEE

2% 1 280t ik — 25 Ab B, AT DAARAS H AR = 4 55
=, —AlEEERMEEITRE =g s —F s
B AR RN R = A S A R O

X Y Z W]'™=Q [u v 4 117, AD
K Q HAXAWEBZLEE, [u o] ARER
RN SRR AR d HIZB R STENZEE T
KEAE, [X Y Z W1 BTk B =4k = 1
FER AL FR

AN E TR IU S50 = e s P AT ik
G A7 TE MRS MR MRS G 0 A SRR AE L A SR F LA
ST AEN Dy B AT I L S Tl A ok L R Dk
B HAB R By B AR R MR R R 5 SR a2
FEUBE GBI 58 IR RUBE A = M s 1) 25
2.5.1 BR=%RFEHER

Tk PR A 22 fL 8 e R K 5 B
TCRBY [ A2 o RT3k 28 [ 22 05 = 1Y 25 Bk,
U I 2 S TR B R L BRI L I8 U ) A A A
VB I A3 1 X A B o AS Bt 90 0 A s AR 4 S B T
WO Y T R IR L R TR T AR e L R 1 T B TR
XE 7 1) A

W 11 Jros 1 B sk BE bR e A, g 5 TR
JIEHRE S5 I R R Ae A5 &R CT FRbR 8 MR AL R RO L oK
bR 78 A A A 7R B 22 3R AR ML AL bR R 00 S5 40 RS T
IFRs 3 TR L AL AR R B 05 = 5% 88 B bk o AR Ak A 3R
b MR PRAR S AT AR E R Hir A &
HTAERRE AW 8 =8 R EFE X,0Y, i
L ECRTERRGHLAER R ERT X Yo Ze By =4
68T 10 1 O 3 1) AL 2 Ak R b e A B R R T Z
F18) — 24 46K DT 580 1 32 3 1) A

binocular camera

(IT
B
left camera g O
coordinate system C /m
7 'z
fe ; / Y,
plane ~~~ 4T, / B
X=T T
Ve L m | D é
O H %
oo D
P W)

(&

calibration board
B O coordinate system B

/74 \
messes on the  target B
operation plaform

& 11 Bt B R R R B A
Fig. 11 Tllustration of advanced pass through denoising
A bR AR 5 OC FR T Y SR R 2o B/ e vk S
B, WAL m AR 4, 5 5L 7R B
FEMAEAR R T WA FR 4 PP, (G =1,2, -
TELEAR B TR R T AR AP, WA
‘p,=4T"P,, (12)
RAEA jE P m 5B IFRUEIE S 18
[P, ‘P, --- ‘P, ]1=P¢, [°P, "P, --- °P =Py,
AR A (12) = Al 75
P.=4TP;, (13)
ZEX TAE B ACAAT S REFR 7 M6 (13) 3K
G5 Wk R A 3 P L 15 3
ST =P.P} (P,PL) "', (14)
M ARAR T 5T 5 B . 5 9000 W 1K 28 0k = A DU 4k 7k
A s AR T 22 BRARBL AL bR R 0 = 4E 50 56 &
A=Y AEAR E A BR R T AR AR PP (R =1,
2o s) S AEIZARBALRAR R T W AFR R PY A
) R R

°,m)o

111505-6



55, 111505(2018)

ANSHBIFHRE

www.opticsjournal.net

AP 5 Py BE UK ITA R k45 BT bR 2
B bR R H AR =4k =

BP(I)

BP(Z)

BP(.\)
> T T —173) —1 N
(Pl BPl BP[ BP[ (P(l)
(P2 BP2 ]:"»P2 ]:"»P2 CP(Z)
C B B B Cp @)
P, P, P, P, P

(16)

AR AR SE IR R Xy =T #IRE =
FOR 5 9 B A 1 0l T A SO MRS B

{(XB’YB’ZB) ‘ XB € R9YB € RaZB € (_OovT)} ’

a7

K T R BAE Zy J7 1) 1 487 1 {6, 57 3l 2 /N T
AtrmE Ty B R TREIRE RS E b TE/EE
FEEA R, AT LABRE AT N T S R A b AR SR
M KBS T, Nk — 228 T. hTFRH
FHAL FAR I H FR 19 L 2R T 8 2, T LA X i e 75
T IR 1 B bR = R, T v] LU AT g
PEWGET T W, AP R T=2/3T,, 1fEA[H
M TAEREE T, A LA — P Y K T, B3 LR
LRI Y S B,
2.5.2 RRE%RFHER

BT H A3 R [ G e A i A AE A S — o
i B M 5 37 3 15 DG i A X S A DL A R R A
=S [A] ( AS () 7 ) BRSBTS R 2
Ab AT LLIE 3 G g PR R .

XFE AP PR E S P, SRICHL 3 53 40
() &, A5 B YA

2 lpi—p|

T
AP EIRE P, EGEAR k, AALR A
W (PIHITTENCR Cy . i=1,2,.Cy A,
(18) AT B X W BE B EE G M IX ).

Mg B X IRMNIEZS 3 N (ra0) .t TIES
GrATHY 3o DX ]S B AN REAR 2 (] (3R 4 8 I, iR RO
T DX TR R A 0 U8 A 25 2 75 e 7 11 A 7 X[ B

(g —aso.ptasal, 19

P 0 359 (9% 8 B 9 DX TRD A1 1) 4 G 1T D8 I 2R
MRS L @ <73 T b o XL S8R . FEAR
SCIY R SEE I IRk, =40, = 2.5 Y REHUE K

, (18)

WG R . FE KA R FH 3% AR o] AR A R
53— 1 % R B G e T R R, O T
fifi i B0 18] 82D, AE G U 2 AT, DL 4R Uk
PO HERR I WA RS . W TS (PP E
P, LH oo kR - BRI
(SIS —P, |<r}. #H{SWILENED T HE
N P, WP AR U8 P25 A0 e, i, 15 i A
A mME 12 R, 50 PP, IR CER R
r A YE BRI, Yk N =4 B, (T Py X 0 BR 5
TS S BCH /N T N IR Bl Ak e 7 5B

B 12 kbR E R
Fig. 12 Schematic of radium filtering

VA2 0 A Sk Bl B T % L N 0 SR RUAT B 1 1
H. fES oW EREBAME T . A N 55T
P — AN PR SFAE B AT, FH N Hb, BRI A2 - BE
PE— NI R BRI . XA BRE PR IE AN 2 158 N AP 285
FEM . ARG LVEN =40, r =2 B RES b b
BRI Y B B IR R B k., DA R A
FHARSFE N =20 il r =4, LB FRZ5 0 S =0
e, BT R RELER —FEGRT
ARAG I 5 5 BE 22 5 AR K, BT LI AN B X A 37 5t
T HA B RIS

26 o) WO ELIE DR AR IR SR S ) =
4k 5 R 13(b) fiFs

3 SLE S Rk

TR E R RE R B i T 2 A
P, M EZERSWNT WA 40 MV-
EM200C Tk #0 B, 43 #F % & 1600 pixel X
1200 pixel; [ #5 § F5 %€ #% ; Intel Xeon E3-1250 v5
LEBEES s Nvidia GTX 750Ti B F312 GB NFES; M
BLIE 5 28 OB W bR R R BRI, 18 14 9S85

RO A Y Bk A AR B 4 )R ST AR DT
PC AR =4 28 s B B IAS SCH bR A TS
BHARE = GE i AT LM B C i A
HAR RS E AL 5 M= KW Bk DL 584

111505-7



55, 111505(2018)

ANSHBIZFHRE

www.opticsjournal.net

()

B 13 KMEETEXCE, @EGEES(DEBREAS

Fig. 13 Contrast before and after denoising. (a) Original point clouds; (b) denoised point clouds
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Fig. 15 Schematic of location effect of different algorithms in complex environment. (a)-(d) Messy background with

identical color; (e) stacked targets with weak light; (f) messy background with nonlinear light
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Table 1 Recognizing rate of new targets

Scene Number of targets Number of recognized targets Correct rate /%
Fig. 15(a) 46 46 100
Fig. 15(b) 52 50 96.2
Fig. 15(c) 21 20 95.2
Fig. 15(d) 50 50 100
Fig. 15(e) 50 46 92.0
Fig. 15(D 50 44 88.0
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Fig. 16 Data of algorithm efficiency. (a) Contrast of calculation quantity; (b) contrast of running time
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Fig. 17 Experimental data of algorithm error.

(a) Cylinder measuring error; (b) square measuring error; (c) gear measuring error
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