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Optimal Gripping Point Extraction Algorithm for Gripper Using
Point Cloud Data Based Neural Network
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Abstract: In this paper, the optimal griping point learning is conducted through the neural network with the input of point cloud data. The
SG-DNN (Stable Grasping-Deep Neural Network) algorithm, which was applied only to the shapes classified as the “original type”, is
extended to the real object and additionally composed of cost functions. Through this, a study was conducted to extract the optimal point
for stable griping. Griping objects were simplified and limited to 10 types of shapes in the SG-DNN algorithm, and 4 cost functions were
designed accordingly in order to extract the optimal griping point. However, when applying the method for an actual object, there was a
limitation in deriving the optimal griping point. The content of the text uses a sample extracted from coordinate points through the point
cloud data of a real object as the input of the neural network model. In comparison to the conventional method, a learning data set
including dense surface area coordinates is constructed, leading to the extraction of a precise gripping point. The cost function was
supplemented with cost functions for height, width, and rotation, and was designed to fit the actual object while including the cost function
for the mass center according to the material and the gripper depth. The performance of the algorithm was verified by griping experiments

involving real objects.

Keywords: point cloud, SG-DNN, neural network, cost function, griping method

1S AT 5 g, Aguc
Bgxoz WA Ue ANY 4

ol Aol Q1o

de] AgET Qe A2l TR Hopol 2Ro| 2§

ol Aaisln U4E U FHT + A= 2k A%
F8% 848 OFHn do

sP7F 25 el 2l

EOAT (End of Arm Tooling):= AFEe] Zg Huja] TlE
2R vy Egole Y Bt Rashe AXEA AlE &
7 22 OF, §& A4 9 A3 A S-S Dtk
A FF 2HO| AREFol U1 wet theksh 2
Al olE FAF A Hol, 1AM A St EOAT %
H7F Zo] JidEly ok E3] 18|39 % Pick & Place
2k, Bin Picking 2}1& E&3 thro] AdolA IxE
FPsh= Fag AAo|th

TJEHE A8l =AlE 9HA 9 olFshe AE T
3 o EA7} EEYAY, "ol o= AL kA
VAL Rk QPEAR) upAE FRsl] 99k R 8

o] AN B =2]=3 3, T FollA Dex-net, QT-Opt, Grasp-
GAN ¥ 9 #d& olgste] x| 7ol &gt AFE
APt ATH1-5. =S, A ZY Aol o) A Fdol
E3H%E A9 A& W= AT Neuroevolution 7]
He A83 oA Y, 18 HEYS Y 7 =S
Tactile sensorg 7N&3taL o]& FallA FX|eh= A771 %
=] 2AH6-8].

B =EdAe 98ds o83ty 4 gxdE F
= Wol tiste] AFETH9,10]. HH FAHL AA
3F AR TS} mRIRAE EAE 129 E 59
s o 3)dot *790] ‘Q*@‘S}ﬂ 2= -rlxlg 13—__}@1:]-
A
=

re

m{n tlo m{ ot

Cloud Datag& AME3ETE 2 9] &z %% =4

*Corresponding Author

Manuscript received June 24, 2020; revised August 11, 2020; accepted November 25, 2020

A

Rakheta

s FAE . AAEE ) 2l (jmlee@pusan.ackr, ORC

% B ATE AQIBAAANS] ARSATIEEAG e A o

Copyright© ICROS 2021

AA-getzt gAY (dongkyol696@pusan.ac.kr, ORC

: FA e dA-gEe U1E- A (dongeonl 696@pusan.ac.kr, ORC
olxd: Filgtn HAAFE} o sk A (seunghyeon]696@pusan.ac.kr, ORC
0000-0003-4290-8087)

I 8" A2 (No.10073147).

0000-0002-1132-2772)
0000-0002-1674-1263)
0000-0002-8181-9637)



Optimal Gripping Point Extraction Algorithm for Gripper Using Point Cloud Data Based Neural Network 45

1A Eﬂl"ﬂ/‘i =k J%Z]Xdé =
Yt 4ol M= oA o Al
%ﬂ WS drgsta, 53

el AsE Edst, 6

T
EL
r1r
e
K
i)
AN
o i
:(’){é
JN 03 m>

IL a2/ AAH

e 121 R s

2 =%oA= 2 Finger FElQ] IE|HE B34 oA
2tde AAR. 28 mjyEgolE|e] Ertd Rash= 1
g A 5 kg EAE AXE F 3, A s
Hd F2 110 mmo|H, x| 7Fsd Zol= Hoh 90 mm
MR AHgo] 7Hssltl BAE gR|shs #e 035NoE A
gsle] whx] 9jx]of W QPgAe] Ao =S Y
s, Hz gx Aol o aElH PGl Hu)
He oy EATHS tdoE gtk
2. J2|H mX| gst

a89E 59 91 FAFLe AR FAY 3
2] WY e shug ARE-siTh

I8 1@t 22 FAZA 2] Y A% Rkd F
EA9] &o] FAHRT H7F %‘:1%101 7% 3ol A ool
FAHEE EAZ X HhEe (e} 22
FHAR A HE %71%, @ﬂl T =AY w0l F
AR A -] 2 oA FY A9 EAE

A o ARSI

III. SG-DNN 2.0

. SG-DNN 2.0 A|AH

SG-DNN 2.0 (Stable Grasping-Deep Neural Network 2.0) &
I EFS AA 249 HE A He FE2I= As 5F
o2 k= duglEolth 1o tigk Block Diagrame TR
% 28} Zo] gt

SG-DNN 2.0 ¥38]&L RGB-Depth 7HWl2t2RE EA|
E dshe AoA AR olu), FAHEE Sl &
Aol FAL Qs o] FAHS B3 x, y, 259
HEE FE3 =M, °]ZHE Point Cloud Datas 343}
A At} T3 YOLO(You Only Look Once) v228H= CNN &
1EEE 53t EAlY FFe U FuUx e 29
=

ol YOLO w22 &% F#x 3 v AlAY

of o

I8 1. (@) FAARJ A, (b) B A A
Fig. 1. (a) Vertical Grip, (b) Horizontal Grip.
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Fig. 2. SG-DNN 2.0 Algorithm.

FAEE B3 AXMEE AR Y EA g Point
Cloud®] sampling data %8 SG-DNN 2.0°] Yoz H
s},

Z, Point Cloud Data®] # 3% Zte] Neural Networkell Y=
= AAE 7HA el ot 3 —4’112401 =949t =
At aglw EAS nEd 7] SE 7SR A
EAO gk k5 Al Fgol %O]O]'—m—ﬁ ’d€& 3t Neural
Network &5 Zdgith 5oz FE2H 4 AP
FgxE Y, olF AA A H&s 1HE F
3k 92| S =83 17,18].

2. Point Cloud Data for SG-DNN 2.0

Point Cloud Data™ 32Hd #3274 dollAl9] Holg gt
o2 Al EAS WA SHE A% o] AFSE A
£Htk F2 A EA49 33 AERE TPIRECA &E
g & = 71EE €857, Depth Sensor, 3D Reconstruction
WHES o] &ste] AT 5 UTH13-15]

B Ao A= Point Cloud DataS YHOZ 3l 534749]
A HE FESIEE Gtk gXstat e =AE
212 Point Cloud Data® Data Set& T30}

Point Cloud Data A2 Rendering ¥8E S|4 EA
o F, Zlo|, &olE st Al EA L3 ¥HF
£ ZEE 039 AYs APdrh WA, 3DS MAX tools
ALE31e] model®] renderingS A4 ¥ MATLABOIA EA|
9] F3 ¥ #HFE= #HS 53F Point Cloud Data
£ AL siATh o] WEe 44 AFT Depth Sensor,




46

O
=
0
O
2

200

180

160

140

% 3. &% <] Point Cloud Data.
Fig. 3. Point Cloud Data of Bottle.
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Table 2. At least 10 coordinates loss of cylinder.

Py, rr, P, Py, Pp, Pp. loss
33.970 | -30.888 | 100.542 | 33.936 | 29.734 | 101.014 | 3.695
36.143 | -28.424 | 100.562 | 34.951 31.354 | 100.182 | 3.896
34.549 -30.66 | 102.401 | 36.073 | 29.622 | 99.621 3.998
31.361 | -30.788 | 101.384 | 34.071 30.036 | 100.088 | 4.844
36.164 | -32.583 | 38.617 | 36.184 | 30.116 | 99.389 4.942
36.698 | -29.258 | 102.309 | 33.850 | 30.721 99.623 4.945
32.343 | -26.266 | 102.131 | 34.974 | 30.473 | 100.505 | 5.333
37.154 | -32.161 | 100.467 | 35.767 | 31.209 | 100.643 | 5.559
34.857 | -32.939 | 100.235 | 35.247 | 29.098 | 98.676 5.577
36.233 | -34.397 | 100.652 | 34.153 | 30.208 | 99.887 5.618

E 03 A®Oloss H HA 107] F3E.
Table 3. At least 10 coordinates loss of cone.

PL,z PL,y PL,z PR,I PR,y PR,z loss
37.197 | -31.696 | 20.548 | 35.477 | 25.119 19.245 3.642
32.322 | -29.975 | 20.684 | 35.523 | 25.364 19.043 4.084
36.656 | -32.209 | 21.981 34.174 | 24.931 20.280 | 4.163
34.534 | -32.449 | 22.422 | 35415 | 25.679 | 20.409 | 4.279
34.797 | -29.323 | 19.027 | 33.427 | 24.566 | 20.689 | 4.337
32.211 | -31.951 | 17.947 | 35.533 | 24.770 | 20.485 4.549
32.719 | -26.843 | 19.618 | 35.154 | 24311 19.492 | 4.668
36.681 | -31.406 | 20.152 | 35.062 | 25.686 18.502 4914
32466 | -27.435 | 17.374 | 34277 | 24.723 19.608 5.210
36.612 | -31.699 | 21.176 | 36.069 | 24.776 18.795 5.265

4. =l loss E HA 107] HE.
Table 4. Atleast 10 coordinates loss of screwdriver.

PL,I PL,y PL,z PR,I PR,y PR,z loss
136.707 | 3.666 49.588 | 137.477 | -4.289 48.574 3.245
138.506 1.315 51.301 | 137.377 | -3.263 49.906 3.294
136.704 1.566 48.228 | 137.620 | -3.059 49.417 3.740
135.316 | 4.360 52.619 | 137.048 | -3.243 50.808 3.990
135.723 | 0.752 47471 | 137.426 | -3.999 50.169 4.386
137.21 2.351 50.835 | 136.680 | -2.225 48.955 4.598
135.079 | 0.602 48.491 | 137.511 | -4.281 49.724 4.667
136.577 | -0.263 50.406 | 137.304 | -3.871 49.218 4.684
135.751 | 4.204 50.354 | 137.542 | -4.597 51.480 4913
138.005 | 2.197 54.439 | 137.210 | -3.396 50.363 4.980
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Table 5. Atleast 10 coordinates loss of bottle.

P, 7, Py, P Pp, Py loss
33.970 | -30.888 | 100.542 | 33.936 | 29.734 | 101.014 | 3.695
36.143 | -28.424 | 100.562 | 34.951 31.354 | 100.182 | 3.896
34.549 -30.66 | 102.401 | 36.073 | 29.622 | 99.621 3.998
31.361 | -30.788 | 101.384 | 34.071 30.036 | 100.088 | 4.844
36.164 | -32.583 | 38.617 | 36.184 | 30.116 | 99.389 4.942
36.698 | -29.258 | 102.309 | 33.850 | 30.721 99.623 4.945
32.343 | -26.266 | 102.131 | 34.974 | 30.473 | 100.505 | 5.333
37.154 | -32.161 | 100.467 | 35.767 | 31.209 | 100.643 | 5.559
34.857 | -32.939 | 100.235 | 35.247 | 29.098 | 98.676 5.577
36.233 | -34.397 | 100.652 | 34.153 | 30.208 | 99.887 5.618

E 6 FAATEHN
Table 6. Comparison of Griping Success Rate.

Algorithm | oy | SG-DNN | SG-DNN 2.0
Shape
dw 75 % 75 % 77 %
4715 85 % 86 % 87 %
Sgoly 55% 55 % 78 %
E1 83 % 84% 85 %

X 6 A A% ZAylo] m}=Z™ SG-DNN 2.0 d1E|ES
AHEE e SG-DNN ¢E]E&3 pSO Lag]ER E} A
A A A g diS FFEC] T HES g
I AAth ol& PSO EuElFe] Ae, H HA 9
B2 A" d%F 49 o= HF gxHo] ¥
o, olo] wetd TE WMFES TBEHA E3 Flo]l =
ATH16]. SG-DNN&| A9 H3E & 9 AeHoA 4
< 9AAEE Ao gt zF FH#ETS 1St 1
2 s X=r Hzmo| o5 BA wx] Haleo] =glolme)
2] Alel] 53] 3xe] @A 97t Bekal ol meh
AE-Eo] @t} 1o ¥ks) SG-DNN 2.09] A 714 g4
T4 AA A AA EAY] XFH 25 EFolA 3o
AsHE e aEstldl AFEe] Ehvha dgEn.
T3 2 FEE HolXut FAY 2 ey Y
A ek 9ol —%74% A7]50] HA el e

] Cds]:il \:‘1 HL‘— Q-o]-sé— T /\)\1;]_

138 14~ 19 17f SG-DNN 2.0 ¢g&g 3x 23
ol AHEH loss WSl WE HFES Yehd Aotk 1
=2 geldt A¥} SG-DNN 2.0 ¢1gES 53 F=49
losst 43E7 HlEshs Ae &1 = Atk 94 of
A 471 BT loss BH7E B AS- AFEC] w8,
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14. Success rate according to the cone loss range.
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15. Success rate according to the cylinder loss range.
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16. Success rate according to the screwdriver loss range.
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17. Success rate according to the bottle loss range.
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7HA ] 8 AE FASHATE Point Cloud Datadll A TFQF
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Aol ARSI =3 HA 9 32 AFE A A
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