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Abstract
An accurate force-tracking in various applications may not be achieved without a complete

knowledge of the environment parameters in the force-tracking impedance control strategy.

Adaptive control law is one of the methods that is capable of compensating parameter uncertainties.

However, the direct application of this technique is only effective for time-invariant unknown

parameters. This paper presents a Function Approximation Technique (FAT)-based adaptive

impedance control to overcome uncertainties in the environment stiffness and location with

consideration of the approximation error in the FAT representation. The target impedance for the

control law have been derived for unknown time-varying environment location and constant or

time-varying environment stiffness using Fourier Series. This allows the update law to be derived

easily based on Lyapunov stability method. The update law is formulated based on the force error

https://www.scopus.com/pages/publications/iium.edu.my
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/pages/home
mailto:sinnira@iium.edu.my
mailto:yamaura@mech.titech.ac.jp
mailto:iswanto_te@umy.ac.id


feedback. Simulation results in MATLAB environment have verified the effectiveness of the

developed control strategy in exerting the desired amount of force on the environment in x-

direction, while precisely follows the required trajectory along y-direction, despite the constant or

time-varying uncertainties in the environment stiffness and location. The maximum force error for

all unknown environment tested has been found to be less than 0.1 N. The test outcomes for various

initial assumption of unknown stiffness between 20000N/m to 120000N/m have shown consistent

and excellent force tracking. It is also evident from the simulation results that the proposed

controller is effective in tracking time-varying desired force under the limited knowledge of the

environment stiffness and location. © 2025, Association for Scientific Computing Electronics and

Engineering (ASCEE). All rights reserved.

Author keywords
Adaptive Control; Force Control; Robot Finger Control; Time-Varying Uncertainties; Uncertain-

Environment

Funding details
Details about financial support for research, including funding sources and grant numbers as

provided in academic publications.

Funding text

Funding: The authors would like to thank International Islamic University Malaysia for

supporting this research under the grant number: P-RIGS18-019-0019.

Corresponding authors

International Islamic University Malaysia

See opportunities by IIUM

P-RIGS18-019-0019 IIUM

Corresponding

author

N.Z. Azlan

Affiliation Department of Mechatronics, Kulliyyah of Engineering, International Islamic

University Malaysia, Jalan Gombak, Kuala Lumpur, 53100, Malaysia

Funding sponsor Funding number Acronym

https://www.fundinginstitutional.com/funders/501100007297


Terms and conditions Privacy policy Cookies settings

© Copyright 2025 Elsevier B.V., All rights reserved.

Email address sinnira@iium.edu.my

About Scopus

What is Scopus

Content coverage

Scopus blog

Scopus API

Privacy matters

Language

日本語版を表示する
查看简体中文版本

查看繁體中文版本

Просмотр версии на русском языке

Customer Service

Help

Tutorials

Contact us

Abstract

Author keywords

Funding details

Corresponding authors

https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus/content?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/


All content on this site: Copyright © 2025 Elsevier B.V. , its licensors, and

contributors. All rights are reserved, including those for text and data mining,

AI training, and similar technologies. For all open access content, the relevant

licensing terms apply.

https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
http://www.relx.com/

