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Abstract: GSNet relies on graspness to distinguish graspable areas in cluttered séenes, which significantly improves the
accuracy of robot grasping pose detection in cluttered scenes. However, GSNet only uses a fixed-size cylinder to
determine the grasping pose parameters and ignores the influence of features of different sizes on grasping pose
estimation. To address this problem, this study"proposes a multi-scale cylinder attention feature fusion module (Ms-
CAFF), which contains two.core modules: the attention fusion module and the gating unit. It replaces the original feature
extraction method in GSNet‘ and uses an attention mechanism to effectively integrate the geometric features inside the
four cylinders of different sizes, thereby enhancing the network’s ability to perceive geometric features at different scales.
The experimental results on GraspNet-1Billion, a grabbing pose detection dataset for large-scale cluttered scenes, show
that after the introduction of the modules, the accuracy of the network’s grasping poses is increased by up to 10.30% and
6.65%. At the same time, this study applies the network to actual experiments to verify the effectiveness of the method in
real scenes.

Key words: point cloud; robot grasping pose detection; multi-scale feature fusion; cluttered scene; attention mechanism
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Li%g A 36.55/— 47.22/— 19.24/— 28.36/— 36.11/— | 1085/=  14.01/— 16.56/— 4.82/—
MaZi A1) 58.95/— 68.18/— 54.88/— 52.97/— 63.24{— 46.99/— 22.63/— 28.53/— 12.00/—
MaZ \'+CD  63.83/— 74.25/— 58.66/— 58.46/— 70:05/— 51.32/— 24.63/— 31.05/— 12.85/—
GSNet''¥ 65.70/61.19  76.25/71.46  61.08/56.04 53.75/47.39 65.04/56.78 45.97/40.43  23.98/19.01 29.93/23.73 14.05/10.60
GSNet+CD  67.12/63.50 78.46/74.54 “60.90/58.14¢ 54.81/49.18 66.72/59.27 46.17/41.89  24.31/19.78 30.52/24.60 14.23/11.17
AT 71.76/63.90  82:44/73.77% 67.59/56.25  63.81/52.03 75.84/62.52 56.71/44.37 27.01/20.12 33.82/24.77 15.56/12.11

AXLTTHACD  74.68/65.76  85.58/76.53 68.98/58.36  65.11/55.83 77.91/65.48 58.22/45.62

HRET].
3.2 kXt

] 5 A 6 il Zrid A2 R AUIAS 23 DL K S0 9
BT FE 40 R AR S 0L, BT 2R S ol e A
AT 52 AU 228 43 ORI AR B 43 T biE -1 0 0,
SETE S ME et E&A —E xR HERET T
P AR, 5 GSNet FI{EH MsCG & 48 [ 44 44 43
L (cylinder grouping) 1] GSNet #E4T 1 XLk, Kl 5
I 6 H Ms-CAFF B LT MsCG BRI GSNet

28.20/21.17 34.95/25.72 16.14/12.82

7% SC B S 1 )7V 7E GraspNet-1Billion [ Real-
Sense Al Kinect #HAL_ LS T H 8l i HOER, it
ST IS RS I, 45 SRR T HARBA ik, Hp e
T AR L, 23 BIFE RealSense A1 Kinect MHLIE &
T 7.56% F 2.26%, TEALIYMA E o4& T 10.30%
H16.65%, [FI AR T H A /£ I 48 45 B8R i 177
. AE S RE R ET AR b, S0t S 0 I 2t 4 R A T 2k
W72, 1RTHT 3.89% Al 1.39%. S2I6 R0, A it
J& I 28 3 TF T A R ER AT 28 (A 2, Ui I 22 R
TR JVRRAE RS AR R 5 1 SR AN RS TR
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IRR) £ VAT ST FEE B bR, T 458 AP G AR T oAt U k.
3.3 FAEEZERTL
2R 2 NASFIRREERAN 7 v I 2 B AT SRR [a] 5 LE.

TR, FSCRFE 15000 Az, T 5T 35 4k BRI
6], AT DL 3, AT ) 79 00 24 5 A7 B Sl 184 -4 2 ek 1],
5 AT R E I R 2 A HIAE 0.03 s 247, AFETTER
IS TR B AR DR — B ER PN SEEIE I, AR I 2
RIZE R IFHER SR BARASHENIT RES —
FOBE N, (R SR 2 I E T A 32 Ve B A, KA T B
TEARRFAEAR LR b T e RR 25 K/ [ N, R AEECR A
B2 of HICHR s Ly 2 R MR 0K, [) IR B /N ROBE L
@%‘ﬁlﬁiﬂfﬂ@ﬁ%ﬁﬁ@?éigﬁﬁ'éifﬂ%?fxijJDiJrﬁ
%E@Iﬁ]ﬂﬁﬁ%%%lﬁl%’ﬂﬁ'@%?.
%3 AFEG AR T L4HEF (5] (RealSense/Kinect) (s)

JER N ¥ ¥ Scen Similar Novel

QSNet 0.5081/0.4883  0.4738/0.4964 0.4430/0.4703
GSNet+tMsCG  0.4809/0.4630 0.4705/0.5266  0.4624/0.4669

AR 0.4871/0.4718 0.4664/0.5375 0.4503/0.4401

R4 FAHRLHEPER A] (RealSense/Kinect) (s)

ek I 18]

Cylinder grouping (GSNet) 0.000922/0.000 845
MsCG 0.003 620/0.003 241
AT7% (Ms-CAFF) 0.003423/0.003 380

£ 5 AFEEEEHEIES ] (RealSense/Kinect) (s)

0.004 0
0.003 5
0.003 0
z 00025
k]
o 0.0020
S
2 0.0015
0.0010 --- GSNet
GSNet+MsCG
0.000 5 — GSNet+Ms-CAFF (£ 771)
0
0 1000 2000 3000 4000 5000 6000
Epoch
Bl 5 P E RS a1k
0.020 0
-
0.0175 -=- GSNet
GSNet+MsCG
0.0150 —4 GSNet+Ms-CAFF (A3 J7i%)
2 00125
2
<= 0.0100
S
2 0.0078
0.005 0
0.002 5
0
0 1000 2000 3000 4000 5000 6000
Epoch
6 P S HIYRE A S T 453 2k
£ 2 AFEFEHSEEATEE
Y ZHE M EE G YIZETE (h)
GSNet 15.35 12.069 86
GSNet+MsCG 16.41 14.341 43
AR5 19.56 17.338 42

GSNet ifi K4 86 h 4 58 Wil 2, A ST ik Ja
(77 2K I G K 4i T . [AIETAH LT MsCG
B T 1 b, YRR K5 2 50 A 2% 45 1 %,
X R AT VR ARG N T S5, B I N AR R £ 1)
Py B3 A5 75 R 285 B JIN A 20 b g 8 50 5 A0 M T B B
WS B e f. 2 RUBE v 38 RRAIE il G A Bk bl 45 2
T3 MsCG B S B A 5 — e R 3
T, ARATY SR 45 I 7E P H2 52 ISE L P9 22 3 I 4 4 B i
AN 3 5 (R 25 T 5 2B 1 [

F 4 RIFE S /A TRIASE B fr 2 A TR) 6 L 0 B
PEHE A Seen. Similar 1 Novel iX 3 2§, &R A5
30 N, AL B NEER R EEALERE 10 N7 R0kHT
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FHAL Attention Gate fusion Total
RealSense 0.003571 0.000368 0.003987
Kinect 0.004 829 0.000404 0.005316
N )
3.4 HERGERATIL D4 \ B

&1 7 AT o 48 T A A G, WK 4 b Bk ik 4
PRHEAT R, 0538 T AR T 0.5 FOATIRAr 45, P 7(a)-
4 7c) 2 B AT 5 2% I LT AR (4 74, GSNeet
A P A A, T AR S HE 1 Ms-CAFF B
H B4 T MsCG BEBT GSNet £ 1 T T 2 14 2441
B, B 7(d)-F 7(e) ARBLA e b k. B 7(0)
B IR R LA TR A KR A ik, R
Ms-CAFF bt B 7 A M EUBL . 7 LU HE 2 28
T B 5 3T 7 1 R A HE SR 5, 4 78
BAT 8 4 TURTTAR B E 2 R R by 8 R B 5 %
2 H AR L 7.

% 6 JAIF J7 IEAEBE LI AL 3 A4 5t rh R AR
(47 RS i N DL A R 145 S, B4 4
HUIF 1945 S, T A BB — & (3 3, 7 4
(A BT T 5 SE M. ATUAE th, A SC7iE
TV 2 2 P 75 A5 43 UK T L T 24 459 40 0 40 e
F Hoht 74
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i EN RSN

)
GSNet+MsCG ()

{ &
(@ (b)

ARIT7 ik
GSNet+Ms-CAFF

(© (d

7 AL AT AL

L) -
z6 Nﬁl%%ﬁ’ﬂﬁ’?ﬁiﬂﬂii&%&%i@b\\ -
ok Scenel23 'Scenel46 - ' Scenel63
7 N S, s, N o 5 S, S,
GSNet 11 0.5060 0.1523 . 13" 0.4696 0.1613 7 0.1693 0.1693
GSNet+MsCG 25 05257 0.174 3 15 0.4703 0.1971 9 0.1496 0.1496
ARICT7F: 31 . 0.540'2.‘ L 02143 23 0.5576 0.2164 10 0.1816 0.1816
=5 =
we g
— b ! NN .
3.5 jHEAsEIE ‘& . K7 WAL B (RealSense/Kinect)(%)
* NN , —
AT A A 3T LB S5, B GSNet 5 i AP (Seen) AP (Similary AP (Novel)
GSNet 67.12/63.50  54.81/49.18  24.31/19.78
s Ny ML
MsCG &5, FFAE MsCG FEFil b 7377 34 0 558 Be vt 1) GSNet+MsCG  7037/6472  59.33/51.76  26.82/19.89
I 145 BT AR B TRHIE Al A A B, DL IRV B TR GSNet+GU 71.78/64.95  60.61/52.84  26.96/20.03
Eﬂﬁﬁ'{ﬁ%*ﬂ I‘—,I ?ﬁﬁﬁjEK @%ﬁiifﬁ%ﬂ‘?&% igﬁ% GSNet-f—A‘tt‘ention 73.84/65.58 64.28/54.91 28.10/21.04
ARy i 74.68/65.76  65.11/55.83  28.20/21.17

BN 7 FTR. TR O T A 8 T A i
S8 7 0 40 1) 2 TS AT — 2 (T 9 1 Bt e
T e 4 E R T 2 0 WL B A 7 TR
ThERAT T R IR, IR TE BN R HE 0 Novel 15
Fr b, 2 AR E T 1.28% M1 1.15%. S2ih R, AR
SFL 01 22 RS B A 7 R A i A B P (103 7% 7L
ST A [ R JBE O TR A AT T 2P B TR
R B T E A0 R AR O .

K8 HEERIAE.

e Kinect MINLRAEY b =, ARG HEHTH
HPEPR L IE S TN Rz, A O RURFE (FPS) 5
R RAEE 15000 A £, F IR R, 45 2 91T
RABBRAIE R AR PR ST S 2. HLas NEAT 2 AT,

3.6 ALIARIW
9 T VPR SCHE L 77 6 S o B e
fi H %ﬁ%ﬁﬁ’%%%ﬁ?@mﬂz%ﬂ Kinect v2 AHHL#EAT
THLIE A 52, M4 GTX1050 1 Ubuntu 18.04 ff)
HBYLF iz BT B )77 GSNet AT . B
| R A B SRR T A L R . S
5 B AT P4 R 8 .

s AR 2 AT AL
HEI TG YAk, BEAT T 20 IRSESRHCF 318, 18
DA RN S SO R A DA T S 6 F) A B 2.
SEIG 45 RN 8 PR, AEBLSE b, 2B
PR DL R RIS S, 3 BURA B R S R
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5E, 2 M BLRESE 7 A, 3 B BRI 17 5 BT
RIG I OL. (B AE i A AR Bl 2 A ST
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Tk Wik A% SR RIIZE (%)
GSNet 8 13 61.5
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