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Research on Grasping control of manipulator based on

reinforcement learning and imitation learning

Abstract

Manipulator is a kind of robot that mimics the structure of the human arm. In industrial
production, medical care, scientific research and other application fields, in order to ensure
the success and safety of grasping operation, grasping control of manipulator needs to have
accurate control ability. The traditional grasping control method of manipulator requires
manual programming according to the environmental model and the geometric characteristics
of the manipulator. Although this kind of method can achieve higher grasping accuracy and
success rate, but the degree of intelligence is low, and it is difficult to cope with the changing
environment or unknown objects. Compared with traditional control methods, the grasping
control method of manipulator based on reinforcement learning can realize autonomous
perception and decision-making by directly establishing the mapping relationship between the
environmental state obtained by the sensor and the action of the manipulator, thus greatly
reducing the workload of manual programming. However, when reinforcement learning is
directly applied to grasp control of manipulator, there are some problems, such as low
exploration efficiency, uncertain algorithm convergence and poor learning ability of
manipulator guided by reward function.

Based on the above research background, we collect teaching samples with strong
adaptability to different tasks based on the programming teaching method, combined with the
characteristics of good imitation and strong adaptability of imitation learning, and convert the
teaching samples into reward functions corresponding to reinforcement learning, so as to
guide the training of the manipulator controller,then improve the efficiency of task exploration
of the manipulator. The main research contents are as follows.

(1) Aiming at the poor adaptability of programming teaching method to tasks, we



improve the grasping control rules of programming teaching method, build a multivariate
normal distribution model of the state data of the robot arm, propose a probabilistic
model-based imitation learning algorithm RFSI.We train the controller of the manipulator
with RFSI, and the manipulator is guided to grasp objects, then achieve the optimization of
teaching data.Experiments on grasping control of manipulator are carried out in simulation
environment, and the effectiveness of the algorithm is verified.

(2) Aiming at the slowness of training time of reinforcement learning in the grasping
task of the robot arm,we propose a grasping control algorithm HR-GAIL based on the
combination of imitation learning and reinforcement learning, which is based on the double
optimization of reward and strategy. The method transforms the discriminator form into the
binary variable loss function and integrates the compound reward function. In the process of
alternating strategy gradient and reward gradient optimization, the updating and optimization
of the grasping controller of the manipulator is realized. Experiments on grasping control of
manipulator are carried out in a simulation environment, and the effectiveness of the
algorithm is verified.

(3) Combining RFSI algorithm and HR-GAIL algorithm,we design a manipulator
grasping simulation system based on Pybullet simulation platform and PyTorch
framework.We achieve the simulation of manipulator grasping control based on reinforcement
learning and imitation learning, and verify the feasibility of the algorithm proposed in this
paper.

Keywords: reinforcement learning; imitation learning; manipulator; algorithm optimization
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Figure 3-1 Trajectory optimization framework
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Fig. 3-3 Schematic diagram of the manipulator grasping operation
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Fig. 3-5 The design of manipulator controller
BRI LA IR BAR R R R . B
R R R A A (3-14) P
=50 =l (3-14)
Hob, G RESTSHEFHB OB BRI S B S A 055
IR R SR B, AT ST 28 1 5«
R, AR (O B 2E (RS IOIRR, RS 5 2 RO O R LA
A BRI B S U R AP IR SR, SRBLRD R AR 25 AL e 7

3.5 LSS
3.5.1 BEEHEIFE

A F B AE 0B A % 4 LAPTOP -4KUQUNRQ, W & 1) GPU s A [ AL 5
GeForce RTX 2080 Ti, AbF2% 2 Intel(R) Core(TM) i5-6200U CPU @ 2.30GHz, HA7AHN
16GB. #1E RSN winl0 A . 7 EE A Python3.6, W)L H UK A Pybullet3.1.7.

31



BRI S

IS % Franka Emika Panda HUBEFZE05 200, SRAGFCEHSENE o . Panda Bl

W D-H 283k 1 Fios:
# 3-1Panda UM D-H 4L

Tab.3-1 Denavit-Hartenberg parameters of Panda arm

LLYIER /(m) /(rad) /(rad) /(m)
0-1 0.0 0.0° ql 0.333
1-2 0.0 -90.0° q2 0.0
2-3 0.0 90.0° Q3 0.316
3-4 0.0825 90.0° q4 0.0
4-5 -0.0825 -90.0° q5 0.384
5-6 0.0 90.0° q6 0.0
6-7 0.088 90.0° q7 0.107

WU P4 8t 3 2B EH, MINGEE N 7, Sih4efE 7, FERSER
M ITEANECN 64, BZFRE ZE 0GR EUE relu %L, KA adam AL 283171145, 2
2% 0.003.

3.5.2 {PESEE

WL [ E H AR AL 2 54T 55 H AR, SEIR BOE R AR, &l 3-6 .

()RR (b)IHR IR ()RR R
Kl 3-6 SRBURHEE LR

Fig. 3-6 The design of manipulator controller
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Fig. 3-7 Diagram of the controller loss function
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Tab. 3-2 Experimental results of different iterative step intervals
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Fig. 3-8 The grasping effect before and after applying RFSI algorithm
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Fig. 3-9 The positioning effect before and after applying RFSI algorithm
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Tab. 3-3 The success rate of fetching task by different teaching methods
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Fig. 4-1 The control frame of the manipulator
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Fig. 4-2 The design of manipulator controller
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Fig. 4-3 Franka Emika Panda manipulator
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Algorithm 4-1 Training process of manipulator grasping controller
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Fig. 4-7 Flow chart for generation of demo data
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Fig. 4-11 The simulation test effect of the manipulator
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