
Proceedings of the 3rd International Conference on Control, Dynamic Systems, and Robotics (CDSR’16)
Ottawa, Canada - May 9 - 10, 2016
Paper No. 120
DOI: 10.11159/cdsr16.120 

Adaptive Control of an Upper Extremity Rehabilitation Robot with
Backlash

Borna Ghannadi, John McPhee
University of Waterloo

200 University Ave. W., Waterloo, Canada
bghannad@uwaterloo.ca; mcphee@uwaterloo.ca

Extended Abstract
In Canada over 40,000 new stroke cases are reported annually [1], and it costs the Canadian health care system $3.2

billion a year [2]. Thus, new rehabilitation technologies are being investigated. A rehabilitation robot can be used to deliver
repetitive practice to the stroke patients, which is the key element for motor recovery [3, 4]. Safety issues regarding human-
robot interactions restrict selection of control scenarios. Currently admittance and impedance control approaches and their
variations are used to control the rehabilitation robots [5]. To implement these control strategies, a complete and accurate
dynamic model of the robotic system is required. This issue can be addressed by incorporating robust or adaptive control
approaches in the above strategies. For the robust control, if the dynamic uncertainties of the robot are too great, the quality
of adaptive assistance or resistance may be compromised during therapy [6]. In the adaptive control, for the convergence of
the adaption law, a persistently exciting input is required [6], but this will adversely affect the patient’s motivation for using
the device. In addition, both adaptive and robust controllers may need high gains when mechanical discontinuities (such as
gear backlash) are introduced to the system dynamics. Hence, a precise dynamic model estimation is essential, and can be
done through a proper system parameter identification approach.

A modified homotopy parameter identification [7] of the robotic system can be used to find the unknown system param-
eters. However, backlash parameters (i.e. left and right clearances) can be altered by the user input, since they are estimated
when there is no human-robot interaction. This will adversely affect the computed torque through incorrect kinematics im-
posed by the user input. Therefore, in this study we propose a model reference adaptive controller to estimate the updated
values of the left and right clearances of the backlash, and compensate the kinematic changes caused by the user input. Since
the convergence of the estimated parameters is not pursued, persistently exciting input is not required. We implemented our
method on an upper extremity rehabilitation robot, which has been designed and developed by Quanser Inc. and the Toronto
Rehabilitation Institute (TRI). The robot is a belt-driven two degree-of-freedom parallelogram arm which moves the hand in
the horizontal plane to perform reaching movements for therapy. Robot dynamics are discontinuous because of the gear-belt
backlash. For running experiments, we locked one of the joints of the robot and simplified the robot to a single link with a
joint drive backlash. Then a modified adaption law derived from [8] was used to update the backlash parameters. As a part of
future work, the adaptive controller will be used to control the whole robot, and the system performance will be evaluated.

References
[1] Health Indicators Interactive Tool - Canadian Institute for Health Information. [Online]. Available:

http://yourhealthsystem.cihi.ca/epub/search.jspa
[2] J. Patra, S. Popova, J. Rehm, S. Bondy, R. Flint, and N. Giesbrecht, “Economic Cost of Chronic Disease in Canada

1995-2003,” Tech. Rep.
[3] D. J. Reinkensmeyer, “Robotic assistance for upper extremity training after stroke,” Studies in Health Technology and

Informatics, vol. 145, pp. 25-39, 2009.
[4] J. Kowalczewski and A. Prochazka, “Technology improves upper extremity rehabilitation,” Progress in Brain Research,

vol. 192, pp. 147-159, 2011.
[5] L. Marchal-Crespo and D. J. Reinkensmeyer, “Review of control strategies for robotic movement training after neurologic

injury.” Journal of Neuroengineering and Rehabilitation, vol. 6, no. 1, p. 20, 2009.
[6] M. Sharifi, S. Behzadipour, and G. Vossoughi, “Nonlinear model reference adaptive impedance control for human-robot

interactions,” Control Engineering Practice, pp. 9-27.
[7] C. P. Vyasarayani, T. Uchida, A. Carvalho, and J. McPhee, “Parameter Identification in Dynamic Systems Using the Ho-

motopy Optimization Approach,” in Identification for Automotive Systems, ser. Lecture Notes in Control and Information
Sciences, D. Alberer, H. Hjalmarsson, and L. del Re, Eds. London: Springer London, pp. 129–145.

[8] G. Tao and P. V. Kokotovic, Adaptive Control of Systems with Actuator and Sensor Nonlinearities. Wiley-Interscience,
1996.

120-1


