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Single-stage grasp pose detection of manipulator based on multi-level
features

ZHANG Yun-zhou"?t, LI Qi%?, CAO He?, WANG Shuai®, CHEN Xin?

(1. College of Information Science and Engineering, Northeastern University, Shenyang 110004, China; 2. Faculty
of Robot Science and Engineering, Northeastern University, Shenyang 110169, China)

Abstract: For a manipulator to grasp the novel objects with variable sizes, different shapes, and arbitrary poses, a single-
stage grasp pose detection algorithm based on multi-level features is designed by taking the grasp position detection
problem of objects as the grasp angle classification and grasp position regression processing, and performing a single
prediction for grasp angle and grasp position. The RGD image is generated by replacing the blue channel of RGB image
with depth data, and the lightweight feature extractor VGG16 is used as the backbone network. For the problem that the
feature extraction ability of VGG16 is weak, the Inception module is used to design a network model with stronger feature
extraction capability. Then, grasp position is sampled using the method of priori box on the feature map of different
levels, and the adaptability of the model to the objects with variable sizes is improved through the combination of shallow
features and deep features. Finally, the detection result with the highest confidence is output as the optimal grasp pose.
The evaluation results of the proposed algorithm on the image-wise dataset and the object-wise dataset are respectively
95.71 % and 94.01 %, and the detection speed is 58.8 FPS, and the accuracy and speed are improved compared with the
current methods.

Keywords: manipulator; novel objects; multi-level features; single prediction; optimal grasp pose
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J(Sc,S¢) = :52852: (11)

Hort: S o T R ATCECHE T AR, S, o EAR B3 5E 1
IUHHE T FR. Si () Sy A2 X P AN R I T AR 1) 22
&, S U S¢ 2PN IBUE AR 1 7 46 AL




% 8 H

Tz F AT SR BAFIE ARG S W BB 2 A 1821

1, Jaccard Fi8 B0 VE RS2 (1) PFAG, FEA A2 IEUHE i
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N T X Lk SSGD A5 A 4 R ik ) 2, R A
SSD300 5 B kAT A% 3¢ (1 3 48 S 46, 76 AH [R] 2% 1 F)
F Cornell FMUH K 45 52 33547 I, 45 3] 1 0F bL 45 5
AR, K14 RER, T SSD300 #4Y, SSGD
R T image-wise £ 4 45 Al object-wise 20 H5 £ 1)
TR 24 BIFRTE T 15.28 %0 F112.88 o, K61 B 1] 384 10
T 4ms, {T LA SSGD A5 L 7E b 3 PIE AN 4G ) (7] S pof
bt SSD300 B A 28, a8 ik 7 4 5 /)N B A 00 B 1) P AR
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\ HE 2 / % ‘
JiiE A /s
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ours 95.71 94.01 0.017
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HEFHE / %
WAREA
image-wise object-wise
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Redmon!”! 88.00 87.10
Zhang'®"! 88.90 88.20
Kumra!?!! 89.21 88.96
Guo!'” 93.20 89.10
Asifi?? 90.60 90.20
Xial'> 93.80 91.30
Yul®! 94.10 93.30
Wang'?! 94.42 91.02
ours 95.71 94.01
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= 35 % ST, AR5 S HAh 780 1020041 L
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25 % 30 % 35%
image-wise 95.71 94.24 91.53
object-wise 94.01 90.86 87.25
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I TH R

T4 KRREITELER

Jiik A /s
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Zhang'?"! 0.117
Kumra?! 0.103
Xial®! 0.057
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FR A B 7245 30° LLIA; B 7(b) Hh AR T 4B A 2 7>
K5 I IUHUHE, 55 7% 1) 2 030 K R R L 38 A R o 2k
Fras AR TR IT AT R AL (i K 5 B Xl
1 TE 77 1) S A R A 2 40 S 5 A TR T () Hh AT
HE 9 A5 B f e B A e JTURUALE; 18] 7(d) s U
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25 JEFRAT AL A Jaco HLBRE , 225 )42 2 AL bk i 1) [l
ELEE, 10 P hRVE R B AU B 64N B HEE R
1, F AU 1 T -5 R o e BAH . AR ST S5
T FE % Intel® RealSense Camera SR300 81L& &
FENUMRE b0, FH TR 4R H AR R (0 R OR IR 2
%.

TAEX

E 10 SCERIMEVALZE4ENIA =

1 =X (2) FT A, 7225 5 Ao il X IR A7 B AR 3R AR A
DA B RH 3 FE AR I, AT SRAS- AL B 1 2 TR AL A, 4R
J MR R A A5 3] )R AR B2 6, 385 > F T Sk s 48
il B R i I L [ G 2% () A A 2 Z il e 4t e 2
D, RAF WY IRAE 7S (A AA bR T B HEA 28, FLAR L FE 1
T

1) WIUB AL A7 28 Je e BT BE. & LIk i
FE R IR0 T BIRTEE AL %N (20, Yo, 20, TZ0, TYo
r20).

2) HRHE I 2 Ao 0 5 R, AT AH B A7 2. 28 |
MUME #25h 2 HARGLE (2, y, ), 2 5 5% Z b I i
B e i JE .

3) W& R e B F A R 45 .

4) PN K B bR 8 B A R e AL B e
EENYEIVAAS

5) i fa SEHEAT SRV, 3R [R5 B8 1), 15 0 25
RATHAT55

PO S 56 — FL 36 B 10 Fh ik, #4542 U1 S i im 4=
W BT ASAEAE 1, 0 T HLas A3 AR mp k. 78 se5 i
Tt vh, B WAk Fic BEAN [5] 077 1) BE LT AE AN TR B 4R
JE RN PR HEAT 10 UCARERL, YRS 2 & 11 Fro,
EUGE A B 53 ) 2 7 AELAT S AG I  FICHCAAT 9
I el 2. PR A I 25 S an & 12 Fr o



REM AT % 2 BAFIE A PUARE S B E LA 1823

E 11 #Es A4MEGE 2

PRSI 45 R 4 5 Fios, WA IR AR A S 36
A, BL A AITURCT 22 B Eh 2R 4 94 Go, P — K 8]
0T Y B T IR B 17 ms. SRE6 45 R W, SR B
PICHRRS: 00 B9 e PRl -5 L0 IR 28, SR SRAIE 1
BT 2 JRPURF AL SSGD B [RiZ AL RE 1, RE 6 A Il
RN (0 B LRI 22, AT Xof A 0 42 4 i AT 3T
. AR SCBEE BE M A RS U R R AR R AU AL 22,
(B AL SBAR AN 2551 73 3 B 1 PR R SR I 11
4 R X N IR I AR S 21 7 4 4 o o fir
B, IF H R A B 55 B 5 i 5 UG 72 1 £E 9T
ORI 2 RS HHEIL 1 PR IR LR 45 R, 2%
AR ST /N RO AR (RS RS B3 1 i,
i priiZ Sy R Y (1

B 12 SERRHTBRGLZEARMILE R

®5 FPMIERGITEER

LIS PR EL B IRE FRINE / %
i 10 10 100
Fill 7 10 9 90
FYigi 10 8 80
eS| 10 10 100
Eji 10 8 80
1842 ] 10 10 100
T 10 10 100
BOEAAR 10 10 100
BiDIZAV 10 9 90
TITRA 10 10 100
Mit 100 94 94
4 & W

A SCAE SSD W 44 1) FE Ak b BE AT AL AL, Wit T
— R AL 32 HRE 7 B 9 P A 28 A6 ) 19 245 A6 Y
SSGD, Jffig thy 1 — Ffi ik 1 2 RUZRFAL (1 5B BT
o A I B3, SRR S I HE M 22 2 B i
FARFAE P v A2 T, BB e [X 38K, 38 1 SSGD A
25 K5 R0 AT BB ok 2 X 3sk i AT PICHR A Z 23 26 DA
AN B[]V, 55 28 43 B e (11 i g L 28 Sk

B6r 22 W AR S0 BT I SR B B IO W B R
58.8 FPS, £ image-wise £ ## £ #l object-wise £ #f 5
PP 45 SR 45 95.71 %0 F194.01 o, K UK FEE Al
SN 85 DA ) 77 R 3 B R K BRI O HLAE SE bR
Byt R e X I Sk AR H IR R S AR R AT R AL
RGN, DT S5 T A A (R I ot T RUBE 248
R A A A, LA 2R R D S i

2 2Z 3wk (References)

[1] KoberJ, Peters J. Imitation and reinforcement learning|[J].
IEEE Robotics & Automation Magazine, 2010, 17(2):
55-62.

[2] Ju Z F, Yang C G, Li Z J, et al. Teleoperation of
humanoid baxter robot using haptic feedback[C]. 2014
International Conference on Multisensor Fusion and
Information Integration for Intelligent Systems. Beijing:
IEEE, 2014: 1-6.

[3] Konidaris G, Kuindersma S, Grupen R, et al. Robot
learning from demonstration by constructing skill
trees[J]. The International Journal of Robotics Research,
2012, 31(3): 360-375.

[4] Billard A G, Calinon S, Dillmann R. Learning from
Humans[C]. Springer Handbook of Robotics. Cham:



1824

# # 5

xR %36%

(5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Springer International Publishing, 2016: 1995-2014.

Liu W, Anguelov D, Erhan D, et al. SSD: Single
shot multibox detector[C]. Proceedings of the European
Conference on Computer Vision. Cham: Springer, 2016:
21-37.

Zhao H S, Shi J P, Qi X J, et al. Pyramid scene parsing
network[C]. IEEE International Conference on Computer
Vision and Pattern Recognition. Honolulu: IEEE, 2017:
6230-62309.

Yang M C, Lee D G, Park S Y, et al. Knowledge-based
question answering using the semantic embedding
space[J]. Expert Systems with Applications, 2015,
42(23): 9086-9104.

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.

Redmon J, Angelova A. Real-time grasp detection using
convolutional neural networks[C]. IEEE International
Conference on Robotics and Automation. Piscataway:
IEEE, 2015: 1316-1322.

Guo D, Sun FC, Liu HP, et al. A hybrid deep architecture
for robotic grasp detection[C]. IEEE International
Conference on Robotics and Automation. Piscataway:
IEEE, 2017: 1609-1614.

L P, AL B, & — P T IR I LR
B 1% (7). HLAS N, 2017, 39(6): 820-828.
(DuXD,Cai Y H, LuT, et al. A robotic grasping method
based on deep learning[J]. Robot, 2017, 39(6): 820-828.)

ChuF]J, VelaP A. Deep grasp: Detection and localization
of grasps with deep neural networks[J]. 2017, arXiv:
1802.00520.

He KM, Zhang X Y, Ren S Q, et al. Deep residual learning
for image recognition[C]. IEEE Conference on Computer
Vision and Pattern Recognition. LasVegas: IEEE, 2016:
770-778.

Szegedy C, Ioffe S, Vanhoucke V, et al. Inception-ResNet
and the impact of residual connections on learning[J].
2016, arXiv: 1602.07261.

R TR, S TR R 4 L
AT PR AL 2 DR s [7]. AL A, 2018, 40(6):
794-802.

(Xia J, Qian K, Ma X D, et al. Fast planar grasp pose
detection for robot based on cascaded deep convolutional
neural networks[J]. Robot, 2018, 40(6): 794-802.)

Jiang Y, Moseson S, Saxena A. Efficient grasping
from RGBD images: Learning using a new rectangle
representation[C]. IEEE International Conference on
Robotics and Automation. Piscataway: IEEE, 2011:
3304-3311.

Liu S T, Huang D, Wang Y H. Receptive field block net
for accurate and fast object detection[C]. Proceedings of

the European Conference on Computer Vision. Cham:
Springer, 2018: 404-419.

(18] 5, fRE, il 5, 55 3T 2 BRFIE IR 2% )
FIpLEE ANIICHIR A 3], B B SR, 2016, 42(7):
1022-1029.

(Zhong X G, Xu M, Zhong X Y, et al. Multimodal features
deep learning for robotic potential grasp recognition[J].
Acta Automatica Sinica, 2016, 42(7): 1022-1029.)

[19] Mahler J, Liang J, Niyaz S, et al. Dex-net 2.0: Deep
learning to plan robust grasps with synthetic point clouds
and analytic grasp metrics[J]. 2017, arXiv:1703.09312.

[20] Zhang Q,QuD K, XuF, etal. Robust robot grasp detection
in multimodal fusion[C]. MATEC Web of Conferences.
France: EDP Sciences, 2017, 139: 00060.

[21] Kumra S, Kanan C. Robotic grasp detection using
deep convolutional neural networks[C]. IEEE/RSJ
International Conference on Intelligent Robots and
Systems. Piscataway: IEEE, 2017: 769-776.

[22] Asif U, Tang J B, Harrer S. Graspnet: An
efficient convolutional neural network for real-time
grasp detection for low-powered devices[C]. International
Joint Conferences on Artificial Intelligence. Stockholm:
IJCAL 2018: 4875-4882.

[23] Wang S F, Jiang X, Zhao J, et al. Efficient
fully convolution neural network for generating
pixel wise robotic grasps with high resolution
images[C]. IEEE International Conference on Robotics
and Biomimetics (ROBIO). Piscataway: IEEE, 2019:
474-480.

[24] Park D, Chun S Y. Classification based grasp detection
using spatial transformer network[J]. 2018, arXiv:
1803.01356.

[25] WREHE, R, SO, BT = i R I 4 )
PRECKI [J]. HLEE A, 2018, 40(5): 762-768.

(Yu Q C, Shang W W, Zhang C. Object grasp detecting
based on three-level convolution neural network[J].
Robot, 2018, 40(5): 762-768.)

fEEEN

KRN 1974-), 5, #8, EAEERIW, NFEH N
28NS TFEVIAL S 5L, E-mail: zhangyunzhou@ise.neu.
edu.cn;

AT (1996—), 53, LA, WFHLEE AR, 240 1)
5, E-mail: 1igi008 @foxmail.com;

B (1995—), 55, R, ASEHURE JUI B AL,
E-mail: caohel7 @outlook.com;

FIb(1995-), 55, Az, IEEEET 5 H AL R BE AL
28 NEIE R A, E-mail: shuaiwang @stumail.neu.edu.cn;

BRIT (1996—), 53, Az, A ALAR B HICHL A F 5,
E-mail: 1901936 @stu.neu.edu.cn.

TR FAE%)



