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Surface Takeoff Control of Tilting Multi Rotor Unmanned Ship
Based on MC — LADRC

SHEN Yue LIU Minghui SHEN Yayun LIU Hui
(School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; The water air amphibious tilting multi rotor unmanned ships was subject to complex and
variable surface fluid forces during cross domain operations in a multi fish pond environment, resulting in
significant fluctuations in the ship’s attitude and flight altitude. In order to improve the attitude stability of
unmanned ships during surface takeoff, a model compensation based linear self disturbance rejection
surface takeoff control method was proposed. Firstly, a detailed dynamic modeling of the multimodal
unmanned ship was conducted. Secondly, considering the attitude changes during the takeoff process on
the water surface, a real-time attitude estimation model and buoyancy estimation model was proposed
based on unmanned ships. Then, a linear self disturbance rejection attitude and altitude controller based
on model compensation was designed. Finally, a linear active disturbance rejection controller based on
model compensation was designed. In the simulation experiment, compared with the PID algorithm, the
proposed method reduced the roll convergence time by 66.7% and the roll fluctuation by 98.3% ,
reduced convergence time on the x-axis by 34% , reduced convergence time on altitude by 41. 2% and
the fluctuation on altitude by 80. 0% . The simulation results verified the effectiveness and stability of the
proposed method. In practical experiments, the unmanned ship achieved takeoff from the water surface
with a flying altitude of 1. 2 m, fluctuations of roll less than three degrees, and a fluctuation of pitch and
yaw less than two degrees. The experimental results showed that the proposed control algorithm effectively
improved the stability and anti-interference ability of the water air amphibious tilting multi rotor unmanned
ships during the water air cross domain process.
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Tab.4 Control effect of MC — LADRC and PID
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Fig. 13 Unmanned ship surface takeoff experimental site
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Fig. 14  Unmanned ship surface takeoff experiment
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Tab.5 Unmanned ship experimental parameters

240 BAE
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Fig. 15 Unmanned ship position waveform
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Fig. 16  Unmanned ship attitude angle waveform

4 Zig

(1) R PR IR 2 T AP i 7 22 T 35 T N\ 7 5 4
FEMV B i, 3R Vb 22 A e A e | AR SO —
PR AME I ZPE A TPk R sk, &
FEXT 7K ZS PRI 22 i 3 I AR RSB A T3
G A, B A o o R R 5 LGE A T8 A K T R
T SIS HENT TC K T A SR R R 7
TGRS B ), 5] ARMEE R B, Wi ST MC -
LADRC A9TC A MK I R4 il &5

(2) M ELSL6 45 4] MC — LADRC #; PID %4
o Bl R VR R i R AL SRS ] 43 ) ik 2D 34 0%
66. 7% Fl1 41. 2% , K&V i B 1 301 53 il sl 2L 98. 3%
H180.0% ;iEW] T MC — LADRC RV /D0 A 25
AU BIT a] , 35 JC AN RE AR e

(3) Jo AW K TR KOS B 4 R R B, MC -
LADRC TE7K 75 9 16 {0 % 22 Jié 35 J0 5 1 7K TR &
Pl E R R AT, A TC MK T R R v SR
FA U B K A F 0% B /N T 20 BOR A Eh /T 3°,
e T2 27, UE A AR SO IR RE AT A G
NS B 5 3 A ) 28 4 e A

2 % x #t
(1] EERHE, 2—F, HE % TR R > ik 28 B LG A KR Cis sl (1], bS5 6 w4, 2021,

25(12) : 139 - 150.

HUO Yujia, LI Yiping, FENG Xisheng. Water-surface take-off control of aquatic-aerial trans-domain robot with reinforcement

learning[ J ].

Electric Machines and Control, 2019, 25(12): 139 —150. (in Chinese)

(2] BRMNGZE. B PCRATa BT SR s AR Ar [ D], m At s LR K%, 2019.

CHEN Huaiyuan. The design and analysis of fluid dynamic characteristics for submersible unmanned aerial vehicle [ D ].

Nanjing: Nanjing University of Aeronautics and Astronautics, 2019. (in Chinese)

[3] ZHANG Hanwen, ZENG Zheng, YU Caoyang, et al. Predictive and sliding mode cascade control for cross-domain locomotion of
a coaxial aerial underwater vehicle with disturbances[J]. Applied Ocean Research, 2020, 100, 102183.

(4] J3ik, VL&, XIF K, 45 Bahblas ARSBERTOCHE ARZR )], ST, 2023, 44(9) : 2556 —2567.
SU Bo, JIANG Lei, LIU Yufei, et al. A review of key technologies for cross-domain and trans-medium of mobile robotics[ J].
Acta Armamentarii, 2023, 44(9) : 2556 —2567. (in Chinese)



A TEER 55 T MC — LADRC /K ZS B iies 22 e 32 J0 A\ s /K i e " il O vk 617

(6]
[7]
(8]
(9]
[10]
(1]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]

[24]

[25]

EOUTE, W, m%E, 4. RS IRE T Zis s IR R GRS B R ) S R AR (U], S SR, 2023,
38(5): 1176 —1199.
XIA Yuanqing, XIE Chao, GAO Han, et al. Cross-domain cooperative control and intelligent decision-making of multi-dynamic agents
in space-air-ground integrated network environment: a review[ J]. Control and Decision, 2019, 38(5);: 1176 —1199. (in Chinese)
LU Di, XIONG Chengke, ZHOU Hexiong, et al. Design, fabrication, and characterization of a multimodal hybrid aerial
underwater vehicle[ J]. Ocean Engineering, 2020, 219, 108324.
STWART W, WEISLER W, MACLEOD M, et al. Design and demonstration of a seabird-inspired fixed-wing hybrid UAV —
UUV system[ J]. Bioinspiration & Biomimetics, 2018, 13(5) : 056013.
ZUFFEREY R, ANCEL O A, FARINHA A, et al. Consecutive aquatic jump-gliding with water-reactive fuel [ J]. Science
Robotics, 2019, 4(34) ;. eaax7330.
ALZUBI H, MANSOUR L, RAWASHDEH O. Loon copter; implementation of a hybrid unmanned aquatic-aerial quadcopter
with active buoyancy control[ J]. Journal of Robotic Systems, 2018, 35(5) : 764 —778.
LIU Huanxiao, MENG Zihan, YANG Xiaofei, et al. The controller design of the water-aerial vehicle based on variable gain
PID[ C]//2020 Chinese Control And Decision Conference (CCDC) , 2020.
HU Junhua, XU Baowei, FENG Jinfu, et al. Research on water-exit and take-o process for morphing unmanned submersible
aerial vehicle[ J]. China Ocean Engineering, 2017, 31(2) : 202 —209.
MA Zongcheng, FENG Jinfu, YANG Jian. Research on vertical air-water trans-media control of hybrid unmanned aerial
underwater vehicles based on adaptive sliding mode dynamical surface control[ J]. International Journal of Advanced Robotic
Systems, 2018, 15(2) . 172988141877053.
gley R, SR, BRIEW, 55, WUZPUREILES A BT Ak K a8 B BOR B 5w (1], ©AT 17, 2020, 38(5) : 50 - 56.
YAN Qimin, HU Junhua, CHEN Guoming, et al. Modeling and control of air-water crossing of a double-layer quadcopter
trans-media vehicle[ J]. Flight Dynamics, 2020, 38(5): 50 —=56. (in Chinese)
Wi, ST, PORER T AN RGRAAME R AR (], R B SR, 2024,41(11) ;2061 —2070.
YAO Qiangian, QI Guoyuan. Model compensation optimal control for quadrotor UAV system [ J]. Control Theory &
Applications, 2024 ,41(11) ;2061 —2070. (in Chinese)
TRBR, IR, s, R, Rl i DU SR A A IR T i BefE il . CN20221001944.0[ P 2022 09 —20.
VPEOME, THB, SR A = e R R TC AN SR ] . AU, 2018, 49(10) ; 16 -22.
XU Jinghui, MA He, ZHOU Jianfeng, et al. Hovering attitude control of tilt rri-rotor VTOL aircraft[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2018, 49(10); 16 —22. (in Chinese)
HALME, £, R%, & BEHER N ZBISMS 3 1 F B AR EE S RO [ 1], Wiz 2k, 2025,
40(3) :20230445.
ZHENG Lixiong, WANG Bo, ZHAO Qijun, et al. Multi-mode coupling dynamic modeling and influence analysis of aeroelastic
stability parameters of tiltrotor aircraft[ J]. Journal of Aerospace Power, 2025,40(3) :20230445. (in Chinese)
RALAL, BT, BRIRN, AF. BET A ST T A DGR B 058 s R B0 SR [ 1], AP R, 2023, 54
(¥ 1) . 391 -401.
ZHU Licheng, ZHAO Zhiyu, HAN Zhenhao, et al. Design and experiment of dual-steering control system based on active
disturbance rejection control[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54 (Supp. 1) : 391 -
401. (in Chinese)
XIFEH, W%, Wpn. ST U B E KT B EMATILE ALY ], RN TR SR, 2022, 44(3)
536 —544.
LIU Yuqing, XTANG Jun, CAO Shouqi. AUV path planning based on improved ant colony algorithm [ J]. Computer
Engineering & Science, 2022, 44(3) : 536 —544. (in Chinese)
&, RRJE, TIEA, . /NURIE KU I AL SRR R BT J]. Ut TR, 2012, 32(3) : 235 -
238,301.
XU Min, WU Yanxuan, WANG Zhengjie, et al. Design of adaptive ecoupling control law for miniature duct-fan UAV[J].
Transactions of Beijing Institute of Technology, 2012, 32(3) . 235 —238,301. (in Chinese)
AU, AU L[], RSP, 1998, 13(1) : 19 =23,
GAO Zhigiang. Scaling and parameterization based controller tuning[ C] // American Control Conference, 2003.
WResd, Dok, SR, 45, JE T AUt A0RE R BT R R as st St ()], Ak TR, 2020, 36(6) :
19 -27.
CHEN Xueshen, FANG Guijin, MA Xu, et al. Design and experiment of control system for weeding alignment in rice field
based on linear active disturbance rejection control[ J]. Transactions of the CSAE, 2020, 36(6) : 19 =27. (in Chinese)
X5, s, T AT PUBES CATAR g APTI AT R IL [ 1], e 5 R ,2015,32(10) 11351 ~ 1360.
LIU Yisha, YANG Shengxuan, WANG Wei. An active disturbance-rejection flight control method for quad-rotor unmanned
aerial vehicles[ J]. Control Theory & Applications, 2015, 32(10); 1351 = 1360. (in Chinese)
SN R TR . B S A B SR RBTIE 1] R LR 2024 55(11) 1513 - 522,
XTA Minghai, ZHU Qunwei, YIN Qian, et al. Design and control of modular bionic undulating fin propeller[ J]. Transactions
of the Chinese Society for Agricultural Machinery, 2024 ,55(11) ;513 =522. (in Chinese)



