Frontiers of Information Technology & Electronic Engineering
www.jzus.zju.edu.cn; engineering.cae.cn; www.springerlink.com
ISSN 2095-9184 (print); ISSN 2095-9230 (online)

E-mail: jzus@zju.edu.cn

Supplementary materials for

Qingmei CAO, Ruiwen XIANG, Yonghong TAN, Weiqing SUN, Jiawei CHI, Xiaodong ZHOU, Lei YAO, 2025. An
improved sliding mode control based on fuzzy logic for quadrotor unmanned aerial vehicles under unmatched
uncertainty. Front Inform Technol Electron Eng, 26(10):1942-1953.

https://doi.org/10.1631/FITEE.2500058

Proof of Theorem 1

On the basis of the selected V', shown as (15), then, take derivative of it with respect to time, one will
lead to
V =5,8
XX ) - (S]_)
= —syexrsat(sy) — kyrsy + syda.
Considering that the exponential approach law (11) affects the performance of the controlled system
directly, corresponding analysis for stability within different range of s, is the key problem. To tackle the
above situation, three cases are put forward.
Case 1: |sy| < Ay, sat(sy) = sy/Ay.
Based on (16) and the condition of ,, > 0, we can obtain
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Substitute (11) into (S1), it will lead
: € dg
V= 3X2(_AL: —kyp + g), (S3)

where, A, > 0, k,, > 0, afterwards, it is clear that —EAXi’ is non-positive, accordingly. Hence, the following
inequality:
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is hold.
Case 2: sy, > Ay, sat(sy) = 1.
Given that €, > 0, then, after appropriate reduction, one can obtain
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along with the calculation result based on (S1)
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then, we can acquire -
. d,
V<s 2T gy <o (s7)


www.jzus.zju.edu.cn
engineering.cae.cn
www.springerlink.com

using (S5) and (S6).
Case 3: s, < —A,, sat(sy) = —1.
Substitute (16) into (S1), we also can draw the conclusion directly:
R EL (59)
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Based on the above three analyses, regardless of the type of sliding surface selected, the system state
can ultimately reach a stable state.



