


















492 机 器 人 2019年 7月

[11] Popov D, Gaponov I, Ryu J H. Portable exoskeleton glove with
soft structure for hand assistance in activities of daily living[J].
IEEE/ASME Transactions on Mechatronics, 2017, 22(2): 865-
875.

[12] Nycz C J, Delph M A, Fischer G S. Modeling and design of a
tendon actuated soft robotic exoskeleton for hemiparetic upper
limb rehabilitation[C]//37th Annual International Conference of
the IEEE Engineering in Medicine and Biology Society. Piscat-
away, USA: IEEE, 2015: 3889-3892.

[13] Napier J R. The prehensile movements of the human hand[J].
Journal of Bone and Joint Surgery: British Volume, 1956, 38(4):
902-913.

[14] 史士财，高晓辉，姜力，等．欠驱动自适应机器人手的研
制 [J]．机器人，2004，26(6)：496-501.
Shi S C, Gao X H, Jiang L, et al. Development of the underactu-
ated self-adaptive robotic hand[J]. Robot, 2004, 26(6): 496-501.

[15] 王启申，李继婷．手康复机器人钢丝绳－绳套传动系统中
的摩擦补偿 [J]．机器人，2014，36(1)：1-7.
Wang Q S, Li J T. Friction compensation in cable-conduit trans-
mission system of hand rehabilitation robot[J]. Robot, 2014,

36(1): 1-7.
[16] Jeong U, Cho K J. Feedforward friction compensation of

Bowden-cable transmission via loop routing[C]//IEEE/RSJ In-
ternational Conference on Intelligent Robots and Systems. Pis-
cataway, USA: IEEE, 2015: 5948-5953.

[17] 李佳．套索传动系统建模及柔顺控制研究 [D]．南京：东
南大学，2016.
Li J. Modeling and compliance control of tendon-sheath trans-
mission system[D]. Nanjing: Southeast University, 2016.

[18] Smaby N, Johanson M E, Baker B, et al. Identification of key
pinch forces required to complete functional tasks[J]. Journal of
Rehabilitation Research & Development, 2004, 41(2): 215-223.

作者简介：

刘自文（1993 –），男，硕士生．研究领域：柔性外骨骼
机器人．

刘连庆（1980 –），男，博士，研究员．研究领域：微纳机
器人，智能机器与系统，生物机电控制．

于 鹏（1981 –），男，硕士，副研究员．研究领域：外骨
骼机器人．

（上接第 472页）

[9] Zhang J, Singh S. Low-drift and real-time lidar odometry and
mapping[J]. Autonomous Robots, 2017, 41(2): 401-416.

[10] Nagatani K, Tokunaga N, Okada Y, et al. Continuous acquisi-
tion of three-dimensional environment information for tracked
vehicles on uneven terrain[C]//IEEE International Workshop on
Safety, Security and Rescue Robotics. Piscataway, USA: IEEE,
2008: 25-30.

[11] Yoshida T, Irie K, Koyanagi E, et al. 3D laser scanner with
gazing ability[C]//IEEE International Conference on Robotics
and Automation. Piscataway, USA: IEEE, 2011: 3098-3103.

[12] 谷晓杰，卜春光，陈成，等．三维激光测距系统设计与标
定方法研究 [J]．沈阳理工大学学报，2014，33(5)：10-14.

Gu X J, Bu C G, Chen C, et al. Research on the design and
calibration method of 3D laser ranging system [J]. Journal of
Shenyang Ligong University, 2014, 33(5): 10-14.

[13] Ohno K, Tadokoro S, Nagatani K, et al. Trials of 3-D map con-
struction using the tele-operated tracked vehicle Kenaf at Dis-
aster City[C]//IEEE International Conference on Robotics and
Automation. Piscataway, USA: IEEE, 2010: 2864-2870.

[14] Magnusson M. The three-dimensional normal-distributions

transform: An efficient representation for registration, surface
analysis, and loop detection[D]. Örebro, Sweden: Örebro Uni-
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