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Research on configuration analysis of collaborative robots

TIAN Yong'’, WANG Hongguang', PAN Xinan', HU Mingwei'’

(1. State Key Laboratory of Robotics, Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016; 2. Uni-
versity of Chinese Academy of Sciences, Beijing 100049)

Abstract: In this study, by analyzing the configurations of collaborative robots, it is concluded that offset is an import-
ant factor affecting the configuration. First, the configurations of existing typical collaborative robots were analyzed to
obtain the difference of configurations through the evolutionary process between the configurations. Then, the offset was
defined using the difference between configurations and was divided into S-type and Y-type according to the influence
on the range of motion of the joint. Finally, the global performance index, the workspace volume index, and the flexible
workspace index were used as performance evaluation criteria to simulate the performance of collaborative robots,
namely iiwa, Sawyer, and Yumi. Through comparative analysis, it was seen that the existence of offset reduced the glob-
al performance of configuration and the volumetric performance of workspace, but improved the performance of flex-
ible workspace. The results show that offset is an important factor influencing robot performance. This analysis provides
a theoretical basis for the configuration design of collaborative robots.

Keywords: collaborative robots; configuration; evolutionary; offset; performance Index
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Table 1 Positional relationship and coding
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Fig. 3 Five kinds of positional relationship and coding
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Table 2 Configuration code and offset parameters
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Fig. 6 Coordinated robot D-H coordinate system with offset
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Table 3 D-H parameters of S offset

i a; 0y d; 0, AT A
1 0 0 0 0 —170°~170°
2 0 -90° d, 0 —170°~170°
3 0 90° d; 0 —170°~170°
4 0 -90° dy 0 —170°~170°
5 0 90° ds 0 —170°~170°
6 0 -90° ds 0 —170°~170°
7 0 90° 0 0 —170°~170°
F4 YEREND-HSH
Table 4 D-H parameters of Y offset
i a 0y d; 0, B S Fl NG
1 0 0 0 0 —170°~170°
2 a, -90° 0 0 —40°~180°
3 a, 90° d; 0 —170°~170°
4 as -90° 0 0 —40°~180°
5 a, 90° ds 0 —170°~170°
6 as -90° 0 —40°~180°
7 ag 90° 0 0 —170°~170°
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Table 5 Configuration analysis and comparison of Iiwa,
Sawyer, Yumi

Liapitl liwa

Sawyer Yumi

—170°~170°  —175°~175°
—120°~120°  —175°~175°

—168.5°~168.5°
—143.5°~43.5°

—170°~170°  —175°~175°
SN ~120~120°
—170°~170°

—168.5°~168.5°
—170.5°~170.5° —123.5°~80°
—170.5°~170.5° —290°~290°
—120°~120°  —175°~175°  —88°~138°

—170°~170°  —270°~270°  —229°~229°
o 1.51 1.12 1.23
n 0.081 0.078 0.062
A 0.713 4 0.825 0.745

x/m
(a) liwa

z/m

x/m
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Over the past five years, we witnessed the world we live in entirely disrupted by improvements in artificial intelli-
gence (Al), machine learning and control engineering. Algorithms and machine learning are trading millions of dollars
in financial markets; they are predicting what people want to search for online; facial recognition helps police identify
criminals. Soon, Al could be driving our cars and trains even airplanes, Intelligent Robotic and Control Engineering will
have a fundamental impact on the society in the next few years.

2019 The 5th International Conference on Control, Automation and Robotics (ICCAR 2019) will take
place at Beijing, China during April 19—22, 2019. On the theoretical side, this conference features papers
focusing on intelligent systems engineering, distributed intelligence systems, multi-level systems, intelli-
gent control, multi-robot systems, cooperation and coordination of unmanned vehicle systems, etc. On the
application side, it emphasizes autonomous systems, industrial robotic systems, multi-robot systems, aerial
vehicles, underwater robots and sensor-based control.

Under the background of China’s National strategies, such as “Made in China 2025” and “A New Gen-
eration of Artificial Intelligence Development Plan”, we believe ICCAR 2019 would be the platform for aca-
demic exchanges, thought collisions, inspiration, and results sharing, we do wish all the participants take this opportun-
ity to have future international collaborations.
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