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Nonlinear disturbance rejection control of
unmanned aerial vehicle attitude
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Abstract: In this paper, the attitude tracking control problem of the unmanned aerial vehicle (UAV) is investigated.
To deal with the model uncertainty and external disturbance, we propose an attitude tracking control method by which
the controller and observer is designed respectively, based on the attitude error model, Firstly, according to the attitude
dynamics of the servo system with quaternion as attitude parameters, the nonlinear error model is built. After that, the
nonlinear disturbance observer (NDOB) is employed to online estimate the unknown compound disturbance and make
compensation to the control input. Then, a nonlinear generalized predictive controller is designed to stabilize the error
system and realize the attitude tracking. Finally, the performance of NDOB is analyzed by using the theory of frequency
domain. The simulation and experiment results suggest that in the case of compound disturbance, the proposed method
guarantees the system attitude to accurately track the desired value.
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problem statement)
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PRAFMB AR R, AT R IVETRRT LT,
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REMS, B RANREM g+ ¢2 = LLw e R3%K
NI AR, w RSB IAE AR AL, oA =
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3 BEHIRG B (Control system design)
3.1 #H) H#5(Control objective)
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Fig. 1 Framework of the control system

3.2 NDOBiit(Design of NDOB)
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3.3 EHIEE ¥ (Controller design)
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H T RGBT 1) A e PRI ST AR S sh 3 m,
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3.4 TS (Stability analysis)
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= 80t .
-100 F \\\ .\'a
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Fig. 2 Frequency of NDOB

5 fiE 5K KE(Simulation and experimen-
tal verification)
5.1 iE4R 5437 (Simulation results and analy-
sis)
h T RAIEA SR T EE A B, AT L —A
VOB R ITCN AT B AE A 5, BEAT RAT 2RS4 ER

BRI S SER. T 5 RGBSR 2, AL
VTR RGER. 4 RGNS
q1a = 0.1 sin(%t + 0.57),

G2a = 0.1 sin(%t —0.57m),

q3a = 0.

P L SH 5 SRS S SHH R L s,
MU = 20. PFEI RS EE A F PR
HIIESZ BN AR A SO i BBl e
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—1

d=| 01 sin(gt) + 0.1 cos(51) + 0.4

0.1sin(51) +0.1 sin(l%t +)+03

® 1 WUTHESH
Table 1 The parameter of UAV!?!
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l/m 0.25 HLHL I
Jylkg-m?) 0014  BERHEESE
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Fig. 6 Estimation result of dq
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Fig. 7 Estimation result of d2

5.2 SEI K UF5 4 Hr(Experiment verification and
analysis)
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Fig. 10 UAV test platform
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Fig. 11 Tracking performance of g1
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Fig. 12 Tracking performance of g2
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Fig. 14 Attitude tracking error

@ /(%))

t/s

B 15 fERE
Fig. 15 Error of angle velocity

6 %58 (Conclusion)
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