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Study on Real-time Detection of Grab Pose of Irregular Scrap Metal
CHEN Miaomiao, YE Wenhua, MA Tingtian, ZHANG Quan
(School of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract . To challenge the difficulty in judging grasp position and pose with accuracy in operation of irregular metal material trapping

by robot, by image processing algorithm, a method of judging grasp position and pose is proposed based on contour and centroid
features. By the method, metal materials are divided into two types: one centroid falls outside the contour range, and the other within

the contour range. For the first one, the straight line intersection method is adopted to determine the grasping position and pose,

while for the other, the ray intersection method is proposed to determine the grasping position and pose. Both of the two methods
take the shortest Euclidean distance of the intersection point between the line or ray through the centroid and the material profile as

the main judgment basis to determine the optimal grasping position. The actual grasping experiment shows that the algorithm can

realize real-time, stable and accurate grasping of irregular metal materials.

Keywords: robot; material grab; image processing; position detection

0 5§

AR B Tl H 8h ik i P & e, Tk Mlds Ay
MBIz, YRR ReAL A A ST R A FEZE R B, HL
PRI R G S AT AT, T HLEE AR
A A R R R R AR A PR A E | A
fbmiE YIE) R AR, R LR LR, TR
YR IBO T T, HLASEHE AR B3z F T DL R ) B AR
W, B FALE A TE R — RIS, B R 42 = T 4=
FERHSERREE . BT, ST AL 0 B AR e R
C&7E A shfbd: o2 BAR R A (R 5 202
R, BR R A% G i AR DT E 7 20k A7 IR AR,
FESZBR R P 22 R AR A B AR A, B Tl
HEPEBER AR BOR . Bk, BT LA S8 R
SEHNT AR A ARSI ik B R L,

AT S PR ASHE ) 4 Ak ) R A DI 3 b HTCHR, STCER A7
BRI R DG, [ AN S I SO AR N AT TR
AKRIBFFE, MARON Z C %52 4 H—Fh e T2 — £ 1)

BEEWB T8 B AP AR H (BE2018722)

TR S T W PR TR (%) T | R IBUB SR X 3, A
YR FEA R RO S O vk AR IR, 9 45 I Wt 2
Ty AP A A TIER 33 i AR 5 SRR A 18 R ) AR 1) T
ARBAR B B AL ) 2 AR R TR A e R
T Hough HERGX) T R HEAT IR, AR #i JL AT A AR
JEf AR RO A A 1) X AR T, EE
T 5 0 DS I 5 B U 5 40 A 4 4 oy
T —Fh T IR S A T AP LA | IR 55,
=5 A T, P R %, %7k T LAE
N IAEE  AH S A A T T B P A i IR bR 5
0 1o ST — i T e A R A5 OB AR B, R
Canny BT M0 &40 5, vH B IMB FINIF & K
JIN, T TR B A AR AN K Sl 2 S T PR 0 7y 5
P B R B S B0V R R ML IS AR ML T PR 7
T 4 7 P I R34 LENZ 1 45180 2015 4 FH AN TR
W26 RGN — AP R R 50, SR M sh e 1 el
BB B T B — o i T B AR 22 W 4 Y HL
AT TR 2 P or U | AT IR H AL MR B R
ROPIAR , TR EEE T IR BE 5 = W 7 SR AG IS S v (R B

E—IEE B R (1996—) , &, RS WL A BF5E 07 o i plas A4S R

< 177 -



RS5EDH -

MR, - RHLR & B A 0 IRIRAS 4 5K B AR O AT A

YA R AR AR HEAT I 25, B s I D, ELARAIE $2 32
LI PR SF Z r ESE

Z5 LR X W AR A BT 23 A AT A e LA B e
I e AR A SF MR, o, AR SO — P fif 5
AR, RGN 7 %, (S 3 PR B AR O A 37 G 2R
RIVAT T R R A PTUR A 22

1 ARME RIS

Bl AT 3 5 2 AR PR B (8 IR A5 B
T AEEAT YR M2 (EUR I BE 5k BTN IO AR IR 1) 5 A
— o BT S , TR R B SO o B, il T 1A
(A0 PHXE AR 0 B4R B, SR STR IS AR AR
B . BN PR RS B AT A h E 2
AYRFIEZ — o 0 TIEARAE A I B PPEL I O s AR bR A
FE B AR AR O B AN B AR A, PR R A
SRR 0L BOC AR R I D TE R BN (AR TR
DTERSER ) OB CAEFE AR

Pl {5 Ak B 0 5 5 3 A PR rh AR O 2L 15 6L 1L
B 5 BAS BN AR T H B B AG ) S — e
W AL B 5 vk | TR AT R BRI SR IR AL ST Y 3
SRR AT LAk SRR PO HORS L, (EREE B R K
AR SR, T G A5 R T SR B U YR A 31 3 )32 B B
FINO AR R AR BT R KRB A 3 25 3T
JE T R LA R (AR A SOR T T AR
AR RN G U SR IS I, AR AR L T A
SRR (uy v,)  THEERI AT O B O BT A Y SR 1

i, B
o 2o
(u) = |22 22 (1)

TH TEVEA TS B MUY | 28 st B —Se A/ B4 L
o 7 G AL X 2220 PR AR SOl i P
F1 (B0 LR A T35

Lol FRAL L2 05, AT LAEUL X 48 J W Rk AT 4
%, B CTERFR A PRI 1 R,

QYD

B1 EOERERN

J& TR OTERe AN R LY, i 2 PR

© 2

B2 ROERES

- 178 -

2 W RHIEGL 2246 M 77 3%

2.1 MOERERNYBGEENTTE

1) AR AR FEA

ELAORATE R S U G 1 O i B — o A A —
FHE, BAHLASYRRELTE TR, B
22 V] AR RS | A /DN D I P 8 ) — X 38 i, HL AR /NIRRT
L A T T Y [ 2 9 U225 s I 14 LD 1) D
AR W S s 8 B A TIOR8 B o,

g 3 B, ABESE BRI AR 1, 2420 v, TR
LA ho HEFEDEIMEN «(0<a<180°) I, J{H T
TR BRI SR B P R a b AR AR I = f IR P I
ab KZIAMEEE S o BN B s 115 BRAELIRZS 0 T
JNIERE h S2B s #5E , © s BiHREA0N

S:Q.r.sin(%) (2)

3 SEAETEE

AR SCWFSE TR T8 BE N 50 mm , JRHL A8 R R/ NG
FilJ& 80 ~200 mm, K It r A9 /& 40~ 100 mm,, W] 315
PIARAS T 0 a & 29°~ 77.4°, it 2 0T A IS I, 1o
FEEL 290, R T I X HE L B o« Ry 30°,

B A B IREC R | i AR HA A 2215 3 6 401 T8
O (u,v) AR 30° M £, HE T RNT .

(3)

K H  k=arctanf, 6= (0,*

PRINE L SRE A T AE R, Y EL SR
2R, AT B2 R BRI AT 22 r B OO, DR R S 8 — A
B A—GE TR SR — 8, BERZ SN
AR A KENIMIE 440 Py Py, -, P, o B FRAESE,
M RE AR AN KHERY o 23 T34 B EAH SRR
MR B P P, PP, P, P, %, N —5H
2 550 RO E A BB A, B 38 A2, WAH AR 1
2 R E B TR AN R P 4 0, mT AR, PR e 2%
HZ& LA

PP =min(IP,P,1,IP,P\-1P_P,1)  (4)
Hrri=1~6;n xS HLK FZ AL
a6 AR HZ T AR /IMA
Py =min( [P Pyl IP,Py 1P P (| ) (5)

WS P, P HAIWHE S AETITOFEIE R Z A,

R PWIP),"FJ?XULF_‘LLH"JW?/@( u,,v,)(u,,v,) Iz EH

+ +
iMMﬂﬁaﬁ%miﬁm¢ﬁGLi“1@u#aww

2 72



RS5EDH -

MR, - RHLR & B A 0 IRIRAS 4 5K B AR O AT A

TR 0 A

2) FT HECR AL B A I

e N EOR AL X — 3K R B, an el 4 B, &
4(a) HR—AIB LA R EE N AR, 220 PR 15 b B )
PABRAF P R ) B B KB 0 a5 A0 4 (e) PTG 2L TR
IO SRR 30°F 6 A% Bk, AR fi A I IR B 3k
P 4(0) R ZL B LN L B0 A EE R TR 1) (A1)
SRR, A BE R A VR

y

(a) YRR

< A

(b) FfEsH

S

(c) FERRHREL (d) HEHEIB.LM6FEL

.
LR B I H58.4701, i1 h60°

Ce) W HASRERA AR () FIWHIBCR/ N7
4 BHERIZERMBAAE

SET M7, 3N — IR AR R N BT AR T )
Wro SCHRAERINE S PR, 85 (a) hA — AU,
WS HEORASE 2 P, P, T e B B2 A B2 B o U0y
6], P, P, Y PR B T TR e a5 IR S B4 2R nl
I, B SRAZTE AT LA SE WO T O AE 58 B A T IR A DT 46
iRl

P pAF

P>
(a) 4 AR (b) 2R

B 5 BE&KIEKRMBAESLG

2.2 FOLTERERSNM R EAR I T AT

1) LR AR

TEARTES 1 TR T — R T OB O R4S AR
X AR BB B EOR S T T A I A AR 28, (H 25X
753 BGE 518 AR5 B AR B AR, S 17 02>
AR R B BT HEORASE SR T — gt
ZeoRaguk (K 6) , TR O eSS BR AN A 2

6 fIEHLE

HESR AR FEIUR 6 R DY HER FFEORAL
LR B RE R 30° B ST LR SRS O R — ] 3kt
12 52k AT S Z i — 80« BUEVERIATH

y=k « x+b
{xZu,yE[O,v] (6)
x=u,ye[v,h]

. k=arctanf, 6= (0,%,%) ,x€ [u,w] ;k=—arctanf,

0—(f131) [0,u]; k= arctand 9—(03131)
- 693 s X E s U3 = arctanv, - )6’3 ’

xe[0,u] ;k=-arctanf,f= (%,%) welu,wlyw HEG
FoJE s h NEUREE b=v—u - k,
B IR ST G R I B9 A s i 44 WU K37 2k ) B2k
RAZH:
PP =min( 1P\ P, ,1PP, 1, 1P _P,1) (7)
Horbj=1~125n ZAHL BRI,
A W 12 ZRA 4 i de M
PP =min(IP,P,1,1P,P,1,--- IP,P 1) (8)
A BAFR R PP, IF H W2 7
FITTFET0 B2 N, o B 25 T A6 S5 £ D 1) B0 Sy T 28

;&%ﬁ&ﬁﬁ%ﬁﬁmﬁﬁﬁm¢ﬁf§%ﬁ;jﬁn

TR f) e i AR A

2) TN LR ATIE W L LK I

RS 4R 22 i SR %, 18] 7 iR, A
7(a) SE— MR B LIRS AN YA, 25 [ 15 4b
B T LSRG MR 0 58 B BT 0 i i I 0 kBR300
VR 12 65040 MU e R MR IR FE RS 2 45, P, P, 5 BT TE Y L
2 B DR TUEOS [, B PP, 1 B T TR vh
Ol (b)) R RFEAR W TES B AN K,
HAKEIN 57k )

(b) HBFRAR
B 7 STEKRIZERMBAE

(a) PR

- 179 -



-BE58%k - TG, 5 - AU 4B A A 64 PRIRAL 4 5 AR ) OF sk AT

3 SCIRIOIE
3.1 $MENSCIGLEIE

Pt 8 MERIRA IR, AR AR SRR O A
A RIS AT 20 Yk, 76 73 JIURCES SR AN 8 fron , %
A R W R J5 15 IR v S 2 BUR B B O Y
TFE SR, HLAk LA B i f B2 B TR 1], Herp
Kl 8(a) BE MR L8 K 8(b) R L3 151 8(c) EIHEL
L@ K 8 (1) KRB [ 8 (i) AT 8 TR O AEY)
PREE BN 918 D, FH LR A A BT, 25 5 T[] 8 (d)
R B 8(e) FEIFAR A P 8 (h) ~F Bk 2 BRI 0 29 7E
PHRFE RSN ISP AR SRR IR 2, G4k
1o SE AT 160 U, JUBCR K 13 U, X AFIURCTT
REPERIR N 91.875% ,ASUAREEN] T 1% 75 S 15
FHVEFIER T

IZER R E 163,971, AEA120°

(a) B OF LIk (b) AR Tk

| ZE RN D133 144, REH120° GBI N150.985, BER30°

©

(c) BEINRHD (d) il

SUSEIR R BEass

(e) EIHE % () RIHERD

RERRMICENS3. 0201, AMNce RN 186, 480, MAMH120°

(h) e 24
B8 FAEFRIMELLE

3.2 EEXFLbsRng

YT H TR AL AT 20 3 30 7 ik R IR 2+
) BEASR (Cornell ) Bt 21 2 4T X ML AU B4
TR B — R AR 405 244 B H 340, BRI S
B LRMBEOER, V22 W55 359 7 FH % 508 55 01 25 5630F
ARSCHE PR LK B AT E, A 9 R, Hh

- 180 -

9(a) 2 E W5 AN FE SR 7 .CPU S NVIDIA GeForce
GTX 1080TI HyFHEEML L IZE 17 h MPTUREE SR & 9(b) B
SRR RS SCAR Hh 0 7 26 A 100 B ¥k 9 e U 57 5 SR T
207 19 SR 7R J7 3, TE TR IR 15— 8250U , Inter (R) UHD
Graphics Family (251045 305, 4t (0 2k BRI
B A S R AR b 5 AR P B i X L, mT L
B H AR SCRIF S (9 57 224G 17 35 T LA R Al HTCHR Az
BRI TR B ST R B 5 i WE A5 B3 v 9 R i
2 B FT LU A KA R R >

R1 NAEEMFEARNBELE SRS T

WE MEME  EBURE RIhRE MERINE/ %

FEA 1 20 19 95
KA 2 20 18 90
FEAR 3 20 20 100
FEA 4 20 18 90
FEA
KA 5 20 19 95
KA 6 20 18 90
FEA T 20 17 85
FEA 8 20 18 90
Bt — 160 147 91.875

é
(i) i (ii) ey
Ii of
(iii) Bz (iv) #8227]

(a) B AHAE NS R ATUE R R)

e ©

(i) S (i) ety

(iii) Bz (iv) B2 ]
(b) AR SCKTIMEE R (R AL BERR)

9 Cornell H{HEEWEIELRTEEL

(TEE 191 )



-BSR5E3K - M5 S, 5 - TR e TR AR B AR 6 BT A

4 HiE

A SCERXT 304 ANEE N IT J A% v F ik Sl v A n i &
NS0 , LA KSR ) 0 BE S B2 MR AR 7 R SE B 45 2L, ]
DA LI 254 .

1) FFJRAR o B F N T b 5 2 {5 LA SR R
HH A o, T RE A A 0 D RS

2) JT J 5 v, s PR IR Bl v i S e B R R 10 ~
18 VLA AL, 584G 28000 T AL O RE I (0L TE B YA
SE
[1] STEELE B C, HEINZEL A. Materials for fuel—cell technologies[ J].

Nature, 2001,414(6861) ;345-352.

[2] WANG S'Y, JIANG S P. Prospects of fuel cell technologies[J].

National Science Review, 2017,4(2) :163-166.

[3] BAR-ON I, KIRCHAIN R, ROTH R. Technical cost analysis for

PEM fuel cells[ J]. Journal of Power Sources,2002,109(1) :71-75.
[4] &T9%, K EHE, 20, 55, PEMFC )2 4 J8 XU AR F 52 it

JE[T]. b3k, 2005,17(6) :963-969.

[5] BREX, =)5%. AL THEAR . JEH - TZRNH[M].

Jent: BT Toll i pitAt: , 2008.

[6] Adk. EA MMM TAMMRERII]. BT 58,

2000( 1) :11-16.

[7] NATSU W, IKEDA T, KUNIEDA M. Generating complicated
surface with electrolyte jet machining[ J]. Precision Engineering,
2007(2) :101-104.

[8] JIANG X C, LIU J, ZHU D, et al. Research on stagger coupling
mode of pulse duration and tool vibration in electrochemical
machining[ J]. Applied Sciences,2018,8(8) :1296.

(9] W4 lie. FPIREHIIY RS R B THARMFE [ D], 74
A AR R, 2018,

[10] BAX6H%. I Hedv et el fif o T4 88 i 38 vk EmE 9T [ D]

AL BRI LR R, 2019.

(117 skifpid A0, W], 45, a3 ROST X ot 73 4 IR RE HL 1tk
PERERYRENA[ )] . ALUREAR,2004,28(8) :494-497.

[12] BRd, SR  skamEk, 55, BT 38 SRk b i it X
R PEREAYSZI [ T]. YRR, 2018(1) < 141-142.

[13] FANG X L, QU N S, ZHANG Y D, et al. Improvement of hole
exit accuracy in electrochemical drilling by applying a potential
difference between an auxiliary electrode and the anode[ J].
Journal of Materials Processing Technology, 2014, 214 (3) .
556-564.

i A HE.2020 - 11 - 11

J\WAVAVIVIVAVIVIVAVAVIVAVAVAVIVIVIVAVAVIVIVAVAVIVIVIVAVAVAVAVIVIVIVAVIVIVIVAVAVIVIVIVAVAVAVIVIVAVAVAVIVIVIVAVAVAVIVIVAVAVIVIVIVAVAVAVIVIVAVAVIVIVIVAVAV VIV IVAVAVAVIVIV AV VAV VAV IV

(E#EE 180 1)

F—J5 I, FE TR AR PR e sR T Rk IR SR %
Fr s B BT TA], TTAA S 25 4k 3 — 5K 1] 5 B A 254 ms,
RP 3.94 Wit/ Fb, 22 gl T At 22 ARSI 5 3k S
R P DR B GRG0 3, T LA L AR SO T
R B 1 I i AN O AT T

R2 AREFEHRNEEX L

Wiz s HR R BE / ( hor/ R )
SCHR[ 6] 7k 0.02
SCHk[13] 5% 0.62
AT ARG )y % 3.94
4 g

SR AL TR B 4 T8 A7 TR AL K
SR, 821 55 O R O A TR 48
D 9 B8 S 4 5 R AR 52 4 1 o kB
B IR . %07 v 8 SRR R A I O TE 4
BN AR AE R BEANPI RN 45— Rkt B0 7
SRS IR S, % 5% b — Fh PR H S s 5 vk
ST 42 5 52 0 4 ATCBR 2 5 05 0 i S5 B AT B
S BB 9 T I 52 B ARS HL 9 e 0 5
T MR IR, 35 250 A WATUR B I, O 1536 T
VI 2 3] (T B R IS AR L, 45500 R
A 2 2 K 0 192 A 9L B D R ) 0 4T
(e, FLART B AR S A2 3 JE 408 T Toll 14
I
BT
[1] B, B4k, Tk ALEs AR FEARF RS & pr K ()],

Hh Tk £8 37,2020 10) ¢ 138-156.

[2] MARTON Z C, PANGERCIC D, BLODOW N, et al. General 3D
modelling of novel objects from a single view[ C]//2010 IEEE/
RSJ International Conference on Intelligent Robots and Systems.
Taipei, Taiwan, China: IEEE,2010.3700-3705.

[3] RiGHE. TS 2M TA LS N TR E B AR5E [ D]
PEBH  PEBH Tl R, 2013.

[4] HAShbTG, 2200, 52 . SE TR Y~ i 284 T 1 ST
R T]. AR A ,2017,39(1) :99-110.

[5] ARamss, 4y, Dok, 45, T Hlas AU 28 TS
TR ], P TRRRAR,2019,32(2) :192-197.

[6] LENZ I, LEE H, SAXENA A. Deep learning for detecting
robotic grasps [ J ]. The International Journal of Robotics
Research,2015,34(4/5) :705-724.

(7] B, B2, hRAR 45, BT B BURN 22 2% i L #s AP
TR PRSI [ J ] HLER A ,2018,40(6) :794-802.

[ 8] SUZUKI K. Overview of deep learning in medical imaging[J].
Radiological Physics and Technology,2017,10(3) :257-273.

(9] WS, HHAHLIEGAL BEAR M BRI [1]. P EBE
£.,2020(19) :53,55.

[10] YEJ, FU G K, POUDEL U P. High—accuracy edge detection
with Blurred Edge Model [ J]. Image and Vision Computing,
2005,23(5) :453-467.

(117 b, REAS BE AL as DLSE A I SR 5E [ D], T M - 4
FHLT R %,2018.

[12] TRUJILLO-PINO A, KRISSIAN K, ALEMAN-FLORES M,
et al. Accurate subpixel edge location based on partial area
effect[ J].Image and Vision Computing,2013,31(1) :72-90.

[13] PINTO L, GUPTA A. Supersizing self—supervision; learning to
grasp from 50K tries and 700 robot hours [ C ]//2016 IEEE
International Conference on Robotics and Automation (ICRA).

Stockholm, Sweden: IEEE,2016;3406-3413.

i B A 2020 -12 - 16

- 191 -



