
IOP Conference Series: Materials
Science and Engineering

     

PAPER • OPEN ACCESS

Assistive-as-Needed Strategy for Upper-Limb
Robotic Systems: An Initial Survey
To cite this article: I. M. Khairuddin et al 2017 IOP Conf. Ser.: Mater. Sci. Eng. 260 012027

 

View the article online for updates and enhancements.

You may also like
Radiation risks and uncertainties: a
scoping review to support communication
and informed decision-making
Ferdiana Hoti, Tanja Perko, Peter Thijssen
et al.

-

Conductive polycrystalline diamond probes
for local anodic oxidation lithography
A J Ulrich and A D Radadia

-

Stochastic foundations of undulatory
transport phenomena: generalized
Poisson–Kac processes—part I basic
theory
Massimiliano Giona, Antonio Brasiello and
Silvestro Crescitelli

-

This content was downloaded from IP address 3.17.79.60 on 25/04/2024 at 13:32

https://doi.org/10.1088/1757-899X/260/1/012027
https://iopscience.iop.org/article/10.1088/1361-6498/ab885f
https://iopscience.iop.org/article/10.1088/1361-6498/ab885f
https://iopscience.iop.org/article/10.1088/1361-6498/ab885f
https://iopscience.iop.org/article/10.1088/0957-4484/26/46/465201
https://iopscience.iop.org/article/10.1088/0957-4484/26/46/465201
https://iopscience.iop.org/article/10.1088/1751-8121/aa79d4
https://iopscience.iop.org/article/10.1088/1751-8121/aa79d4
https://iopscience.iop.org/article/10.1088/1751-8121/aa79d4
https://iopscience.iop.org/article/10.1088/1751-8121/aa79d4
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsv1b2X3CTe9GOl7Aa5YAnCstZmgUI6uv3meOO-JUZC5P71t-LirCHrf3aOH2nIF8dzmwMYVKWgG5O-UsrPHBRCiJJNZB0JCHcnaQn8mZKxHowJT4tb4AolUlV3IgVbJYrk8K6ShE-2H8-byIVFuif3qkw_Zk0pEwKy2pImjIwA-1ujwGZ18vxMXV1NcQnvNG8ZUs4ylBxKjWhlzzn1Sjfk3JkiT2GxyTgqfnKtUo6lFboE1-DgaIiTPbYwb223dGXeht02Ro53gynX74OdolXDn65rPE98r_qGRuZzBI4NTXj3uBs5XNp20ucM0Vce_oLrXsqBADAtQjlBKbo3LeWM&sig=Cg0ArKJSzLMSkD_fTLvt&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890

6th International Conference on Mechatronics - ICOM'17 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 260 (2017) 012027 doi:10.1088/1757-899X/260/1/012027

 

 

 

 

 

 

Assistive-as-Needed Strategy for Upper-Limb Robotic 

Systems: An Initial Survey  

I. M. Khairuddin1,2, S. N. Sidek1, H. Md Yusof1, K. Baarath2 and A. P. P. A. 

Majeed2 

1Department of Mechatronics Engineering, International Islamic University Malaysia, 

Kuala Lumpur, Malaysia 
2Innovative Manufacturing, Mechatronics and Sports (iMAMS) Laboratory, Faculty of 

Manufacturing Engineering, Universiti Malaysia Pahang 

 

ismailkhai@ump.edu.my  

Abstract. Stroke is amongst the leading causes of deprivation of one’s ability in carrying out 

activities of daily living. It has been reported from literature that, the functional recovery of 

stroke patients are rather poor, unless frequent rehabilitative therapy is assumed on the affected 

limb. Recent trends of rehabilitation therapy have also shifted towards allowing more 

participation of the patient in the therapy session rather than simple passive treatments as it has 

been demonstrated to be non-trivial in promoting neural plasticity to expedite motor recovery 

process. Therefore, the employment of rehabilitation robotics is seen as a means of mitigating 

the limitations of conventional rehabilitation therapy. It enables unique methods for promoting 

patient engagement by providing patients assistance only as needed basis. This paper attempts 

on reviewing assist-as-needed control strategy applied on upper-limb robotic rehabilitation 

devices. 

1.  Introduction 

The life expectancy of the elderly, over the past two decades, particularly those of the age of 60 years 

and above has increased significantly [1]. The Malaysian Ministry of Health’s annual report in 2011 

conveyed that the Malaysian population between the age group of 0 to 18 years old records both physical 

and cerebral palsy disabilities at around 11% and 7%, respectively [2]. In addition, the report also 

highlighted that there was an increase of stroke patients on an annual basis approximately 300% 

annually. These statistics reflect the size of the segments in the society that are diagnosed with 

disabilities that in turn depriving them of performing activities of daily living (ADL) [3]. 

Rehabilitation is a process by which patients undergo treatment to aid them in regaining and 

relearning the existing motor skills for ADL [4]. The period of stroke rehabilitation spans very broadly, 

as the rehabilitation therapy may transpire as soon as in the sub-acute stage (immediately after the 

incident of stroke) and can reach out into the chronic stage too (six months post stroke) [5]. Direct 

involvement is predicted to be sufficient on the condition of recovery. Emphasis is often given towards 

gait rehabilitation whilst the upper extremity is usually overlooked during the initial stages although 

there is a greater chance for recovery. Therefore, stroke patients often do not reach the maximum ability 

for recovery in their upper extremity when discharged from inpatient settings [6]. 
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The involvement of robotic devices to grant rehabilitation therapy is a comparatively recent area 

within the field of robotics in healthcare and arise from the concept of adopting robots to support people 

with impairments. In turn out, this has contributed to the increase in a myriad of robotic rehabilitation 

devices. As the rehabilitation device is under the therapist’s supervision, the main requirement in the 

field of robotics rehabilitation is primarily on how therapist’s expert knowledge and skills can be 

embedded into the robotic system with the growing technologies. The system in envisioned to not only 

being able to provide more assistance but also offer other observations into the efficacy of the treatment. 

Rehabilitation robots essentially operate close to the human user, and it should be able to deal with 

various human joints individually and concurrently imitate human motion. This calls for a robot design 

that is ergonomic, reliable and user-friendly. Interaction forces between the human user and the robot 

should also be taken into consideration in controlling the robot in addition to its position. The robot is 

required to not only be able to carry the user’s limb but moreover is able to react to the forces applied 

by the user’s limb as well. Moreover, modulation of the system is desirable as it is able to provide for 

modifications of the rehabilitation treatment that fits the patient’s progress. These conditions bring in 

some challenges in the control of robots for rehabilitation which are described as follows; 1). Position 

control: Position control for robots includes either the joint based or space based trajectory tracking that 

moves as fast as possible or with a uniform velocity. In contrast, the actions of a rehabilitation robot 

should be smoother and have a velocity profile similar to that of normal human action. 2. Adaptive force 

control: The robot requires to be able of interacting and reacting to movement caused by the user in real-

time. Various kinds of rehabilitation activities will need specific kinds of interaction. Furthermore, 

modifications to the difficulty or amount of assistance required during therapies should also be made 

available to provide users with various stages of impairment. 

This paper is trying to embark in benchmarking the existing techniques in assist-as-needed strategy 

for upper limb rehabilitation robot system. The development of the robotic devices is described in 

section 2.1. Then section 2.2 summarizes the findings from other works that use different assist-as-

needed control strategy for the upper-limb robotic rehabilitation. 

2.  Literature Review 

The existing proposed approaches are briefly presented and reported which constitute the dealing with 

the upper-limb rehabilitation. The existing proposed approaches that are reviewed in this paper covers 

features that appear significant in control of the upper-limb robotic system. 

2.1.  Development of Robotic Devices for Upper-Limb Stroke Rehabilitation 

Assistive robotics to support people with disabilities including rehabilitation has been an extensive 

research area for the last few decades to support, strengthen and quantify rehabilitation process. This 

kind of robot provides autonomous training where patients are involved in the repeated exercise of goal-

directed tasks leading to improvements in motor function. It appears that with respect to upper-limb 

rehabilitation, the earlier versions of robotic manipulators have been used to move the patient’s impaired 

hand and arm to desired position in a 3-D plane enabling the rehabilitation of the elbow and shoulder 

joints. Controller designs are then incorporated to ensure the safety of such rehabilitative systems to the 

users by allowing regulated interaction forces [7]. It has been reported that early clinical trials 

demonstrated that such rehabilitation devices were safe for human use and to augment traditional mode 

of therapy [8]. 

Later devices aimed to expand the capabilities of robotic therapeutic devices by targeting the more 

on the distal segments of the upper-limb, with wrist and hand modules to attach to previously developed 

arm devices [9], standalone wrist and/or hand devices [10] and also shoulder and elbow devices [11]. 

Many of these are exoskeleton type devices, which aim to isolate the motion of individual joints. Many 

of these devices isolate the motion with respect to individual joints and have a limited range of motion 

(ROM) in comparison with endpoint manipulators. Nonetheless, it is worth to mention that, it 

rehabilitates the targeted joint(s) efficiently and allow reasonably accurate data collection on the 

patient’s limb motion. 
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2.2.  Assist-as-Needed (AAN) Control Strategy 

The main purpose of robotics based rehabilitation is to assist patients to undergo rehabilitation in 

addition to reduce the dependency on the therapists. However, to complete the prescribed exercise 

regime demands significant effort from the patient. Therefore, the strategy of assist-as-needed is 

paramount so as to contribute the minimal amount of robot assistance to aid the patients in rehabilitation. 

There are various methods that have been developed by researchers and the most basic type of 

controllers found from the literature and often applied in robotic rehabilitation is impedance controller 

[12]. The objective of deploying impedance controller is to ensure the impaired upper-limb to move on 

a specific path during the therapy sessions. The notion behind the aforementioned controller is to 

compare the kinematics of the robot which is the position and velocity of the desired reference trajectory 

and to apply force proportional to a weighted sum of the position and velocity errors [13]. Impedance 

controller is well suited to the robot device for stroke rehabilitation, where the restoring force which is 

proportional to the perpendicular distance from the path is provided by the robot in the event the patient's 

hand deviates from the prescribed path [14]. Nonetheless, if the prescribed motion is successfully carried 

out by the patient, the robot does not apply any force. Another type of controllers requires the 

determination of both the desired path and the time required for completion. In such a case, the desired 

trajectory can be defined as minimum jerk trajectory (a specific trajectory which is smooth, and has bell-

shaped velocity profile that minimizes the change in acceleration during movement) [15] or an average 

trajectory that has been pre-recorded from healthy subjects. Based on this definition, then the robot 

provides an assistive force proportional to the distance the subject’s arm that lags the desired trajectory 

[16]. Although the implementation of this controller is recommended for certain trajectory between the 

starting point and the target point, there is another study conducted by introducing alternative approach 

where patients have the option to select the trajectory by their own, while the controller still supports 

the motion to reach the target [17]. Feasibility study of these systems has been carried out on stroke 

patients [16]-[18], and it was shown that these algorithms result in a reduction in muscle tone [7], 

significant functional improvements [19], and better functional improvements than robotic therapy 

designed to mimic the intensity of traditional therapy [20]. 

Although this controller has shown positive results in clinical trials, nevertheless, its tendency or 

''slacking'' for the patient to rely heavily on the assistance force have been recorded [21]. In order to 

compensate this tendency, several studies have been conducted by incorporating the forgetting element 

in the controller. The goal behind the idea stemmed to reduce the amount of assistance to the patients 

after each trial if it was successfully implemented, thus further promote more active participation from 

patients [14], [22], [23]. This type of controllers requires the knowledge of both the estimated inertia 

and damping of the robotic system as well as the patient's arm in order to compensate the forces arises 

from these properties. Due to unknowns in the explicit model, researchers have also made an effort to 

model the patient’s effort contribution at various points in the workspace. The contribution of patient’s 

effort is modeled by using radial basis function (RBF) and this estimated function is updated during 

training [24]. There are also studies on using Bayesian learning techniques to measure the appropriate 

amount of assistance required to accomplish the task [25]. Pérez-Rodríguez et al. [22], investigated on 

the path deviations from the desired trajectory that could be anticipated by modelling the patient’s 

ability. The implications of this anticipation lead to the introduction of corrective force that can be 

applied in prior to the deviations, thus the force supplied by the robot is reduced. In another study, 

Wolbrecht et al. made a comparison between their adaptive controller with and without a forgetting term 

in clinical trials on both stroke and healthy subjects [14]. The output obtained from the study indicated 

that the forgetting term leads to a more active involvement of the patient in the therapeutic process. 

Following the positive results of this study, a variety of improvements in the modelling of patient’s 

effort such as the directionality of movement were demonstrated. Nonetheless, the ability of the 

controller is only conducted on subject healthy alone [26]. In order to overcome the problem, a study on 

the dependency of velocity in the model investigated applied to the stroke patients [26]. 

Another potential opportunity is to modify the difficulty of the movement task adaptively. In the 

study, the subjects were asked to track the moving targets in a sinusoidal pattern with the movement of 
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the wrist and the increase of required range of motion after each attempt if successful [27]. In this study, 

three stroke subjects have been selected and tested and the preliminary results showed the potential of 

the method to improve a variety of subject’s wrist movement. A follow-up study was carried out by [28] 

where eleven stroke subjects were chosen, and the results showed the improvements in the subjects’ 

active ROM and measurable improvements in motor function. In addition, a different method has been 

adapted to match the difficulty of the task as being carried out by [29]. In this research, the authors 

employed machine learning techniques to classify the physiological state of the subject as ''relaxed'', 

“medium stressed'', or ''over-stressed'' based on physiological signals (heart rate, respiratory rate, skin 

temperature, and galvanic skin response) and adjusted the difficulty level of the tasks accordingly. The 

experimental results suggest the feasibility of the proposed method, nonetheless, it is worth to note that 

clinical trials on stroke patients has yet been investigated. Table 1 summarizes the literature survey 

conducted on the topic. 

Table 1. Assist-as-needed (AAN) strategies for upper-limb stroke rehabilitation robotic. 

Author Robotic System Strategies 

Pehlivan et al. (2016) 3-DoF wrist exoskeleton Employ Kalman Filter and 

Lyapunov method to estimate the 

patient capability based on joint 

position and velocity.  

The assistance is provided to the 

patient if the patient is unable to 

perform the motion (position & 

velocity) while the assistance is 

decreased if the patient achieves 

the prescribed motion   

Pérez-Rodríguez et al. 

(2014) 
Simulated 8-DoF arm orthosis A dysfunctional-adapted 

biomechanical prediction 

subsystem is developed to provide 

an anticipatory force-feedback to 

patient in order to avoid the 

trajectory deviations. The 

assistance force is decrease when 

patient is success to complete the 

task. 

Squeri et al. (2011) 3-Dof wrist exoskeleton Impedance control scheme is used 

to generate an assistive force field 

based on relative positions of the 

target and the end effector. The 

assistance is provided based on the 

error (trajectory tracking) 

produced by the patient.  

Bower et al. (2013) 2-finger grasp robot State dependence (position and 

direction) and inertial force are 

used as input to AAN strategy. The 

RBF activation function is applied 
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to model the effort from patient. 

The AAN strategy will decrease 

the assistance to the patient in the 

event that the patient is able to 

complete the task by themselves. 

Guidali et al. (2011) 7-dof arm exoskeleton The kinematic error (velocity and 

time) is used as an input to AAN 

strategy. 

The assistance strategy is decrease 

when the patient is able to achieve 

desired task. 

 

3.  Conclusion 

It is apparent from the literature that the assist-as-needed methods encourage active patient participation 

in movement therapy by providing a bare minimum necessary assistance. Under the assist-as-needed 

strategy, the robot is no longer needed to contribute full support throughout the path of motion trajectory; 

whereas the robot can impel subjects to use their muscular strengths while trying to keep up with the 

predefined motion trajectory. It has also been demonstrated from clinical trials the feasibility of the 

methods as well as the functional improvements as a consequence of this form of training. However, 

controlled clinical trials are still needed to compare training methods and quantify possible benefits of 

such strategy over traditional therapy. 
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