
International Journal of Innovative
Computing, Information and Control ICIC International c©2010 ISSN 1349-4198
Volume 6, Number 6, June 2010 pp. 2439–2448

ROBUST ADAPTIVE SLIDING MODE CONTROL FOR TRIAXIAL
GYROSCOPE

Juntao Fei1 and Fahmida Chowdhury2

1Jiangsu Key Laboratory of Power Transmission and Distribution Equipment Technology
College of Computer and Information Engineering

Hohai University
Changzhou 213022, P. R. China

jtfei@yahoo.com
2National Science Foundation

Arlington, Virginia 22230, USA

Received November 2008; revised May 2009

Abstract. This paper presents an adaptive variable structure controller with on-line
identification of the upper bounds of uncertainties and disturbance for MEMS triaxial
angular sensors device that is able to detect rotation in three orthogonal axes, using a
single vibrating mass. A robust adaptive sliding mode controller is developed and the sta-
bility of the closed-loop system can be guaranteed with the proposed adaptive robust sliding
mode control strategy. The on-line identification of the upper bounds of uncertainties and
disturbance can be incorporated into sliding mode controller to alleviate the chartering.
The proposed adaptive sliding mode controller updates estimates of all stiffness, damping
errors, input rotation parameters, upper bound of uncertainties and disturbance in real
time, removing the need for any offline calibration stages. The numerical simulation for
MEMS gyroscope triaxial angular sensor is investigated to verify the effectiveness of the
proposed robust adaptive sliding mode control scheme.
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1. Introduction. Gyroscope is commonly used sensor for measuring angular velocity in
many areas of applications such as navigation, homing and control stabilization. Gyro-
scopes are the devices that transfer energy from one axis to other axis by Coriolis force.
Fabrication imperfections always result in some cross stiffness and cross damping effects,
and the performance of the MEMS gyroscope is also hindered by the effects of time vary-
ing parameters as well as noise sources such as thermal and mechanical noise and sensing
circuitry noise, environment variations, quadrature errors, parameter variations, and ex-
ternal disturbance which generate a frequency of oscillation mismatch between the two
vibrating axes. It is necessary to control the MEMS gyroscope using advanced controllers.

Sliding mode control is a robust control technique which has many attractive fea-
tures such as robustness to parameter variations and insensitivity to external disturbance.
Adaptive control is an effective approach to handle parameter variations. Adaptive slid-
ing mode control has the advantages of combining the robustness of variable structure
methods with the tracking capability of adaptive control strategies.

Utkin [1] introduced the variable structure system and showed that variable structure
control is insensitive to parameters perturbations and external disturbances. Sliding mode
controllers have been successfully applied in [15-18]. Narendra [2], Astrom [3], Ioannou
and Sun [4], and Tao [5] described the adaptive controls. The adaptive control law, merg-
ing parameter identification and sliding mode, was proposed and analytically studied by
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