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Abstract : A hierarchical optimal motion controller is proposed for a four-wheel independent steering and drive
(4WIS-4WID) autonomous vehicle that operates in confined orchard rows. Previous studies pre-defined steering modes
(Ackermann, crab, zero-turn, etc.), and switched between them to enable special maneuvers, such as in-place rotation and
pure lateral travel. In contrast, the proposed controller can achieve those high-maneuverability motions without any mode
switching. The upper layer employs a model predictive control algorithm with a one-step prediction horizon to generate
body-velocity commands that minimize path-tracking errors, while the lower layer converts these commands into individual
wheel steering angles and speeds in real time. A soft-constraint penalty in the cost function can prevent actuator saturation
without relying on hard limits. MATLAB/CarMaker simulations showed that the proposed controller substantially reduced
tracking error, compared with a conventional linear model predictive control(MPC), and maintained stable attitude during
zero-turn and lateral-shift scenarios, thus demonstrating broad maneuvering capability.

Key words : Orchard crop monitoring(#5=¢ 25 XU ¥ %), Four-wheel independent drive(4& =5 -5), Four-wheel
independent steering(4¥ ¥ H = &F), Autonomous driving(AH-£-3}), Optimal control(# # #]©]), High maneuverability
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Fig. 1 (a) Prototype of the 4WIS-4WID autonomous vehicle,
(b) Vehicle coordinate frames and path-error definition

Fig. 2 Mapping between chassis velocities and wheel
commands
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Fig. 3 Two-layer control architecture
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H] 30 % A= Zadhs A2 818 5 ). sl g At
AZHE 124 9] 918 50 19-12900 CPUL] PCl A A €
golth.

Figs. 49} 5E 313 A2 548 A4 € 9.1 F0]
& 77 B FE Jeojd 73 A8 59 A
NEAE 2= AFoly Aol F8o] 03 m?, F o] FA
2] 64 m2 A2 A8} T} Fig. 401 4] AIQE Ao} 7] &) =}k )
Zo] UukE Ql g MPC] #1A thu] 341 F3of| A o]
S AT e AL e 4 ik 3+, Fig. 5] Al
tH] &} 1] Zo| M = A|gk Ao} 7] 7} A FIEA 3
ek gl 37t o AE AN H o7 AAFL YL B
qFEo AAHA 52 B4 @A oisiA £33
& A4-% 48 MPC tiH] Al A o717 Y2 AFF
LRI EARE E itk

dH, g2 53 Fxor9 Ao e HAFE
7] 98] 3 = Skmhol M E &AL a5 9la, 1
A& Fig. 60l =AIEIA T Tha, 57} =g 7] wji-o]
AAAQ A= 227} 10 km/h 53] tH] Fo]E%] o
At Alo]7] €] 7]E A o)7] thH] HE MAEL FARE
A& YERd Y.

4.2 07|15 F8 AlLi2|e

71 F7F AU el A At Alo)7]e] e
S 20 M A2 AF3AY. F /A S93
%7] 22 2700 & At Ao} 9] B 23 75 A
o7} A AFE 5 25 AFEE S8} of
A et H o B o] 14| ¥45}9] th. Figs. 63} 72 A
Heold AR o HA| apFe] 8 232, 9
2], ZHA| dlo]E1 & 719t o 2 A Z}33E R o2, Alo)7] <]
E8 o] AFF] F2Q)of o B A NP E =R & A @A
2 RoFEc) B 3 RE 2 71F aweks 1}
ERdi T

Aol Z2E T3 A vt HES g 7] AEd
Ao, AAE A 180° 3 Ete 2 Wtz A
AE & of st Ay 2.0]t). At Ao} 7] 7} v 9
Z%7HE 37 T4 Do 2HF AlAle AHE T
a3t 1 A 3} 2FF-2 Fig. 73 o] A 9] 3a o] F
flo] Aol Bx 3H oz HgsA WIts
i Sl e L=

Fig. 8 Al ] @ & Ap o] B 7 2o} YgtalA|th4am
RO 2 A3 27] S AM Al ZHE ], 2] 7 &) w)
g2 7 2o} F 3P gt Ao}, o] g A =3 Ao
g B3 S FIske W olFol 7€ At
A7 BE 89 2¥74E 59 o] 50| 7Hsste
AR sta v vhH 9 F5E S A YsHA 2ig o =A

Transactions of the Korean Society of Automotive Engineers, Vol. 34, No. 2 2026 219



ol - R&Y - REH

Trajectory Tracking Performance Comparison

—— Reference path
= Proposed
= = Conventional MPC

10 20 30 40 50
X[m]

Fig. 6 Curved-path trajectories (reference vs. controllers) at

5 km/h
6 L . ]
1 | m— Reference path
W I {m== Proposed ||
E 2 L I -
- ‘ - - * - - -
a o —
< 7 - - - -
=2 I
0 5 10 15 20 25
X[m]

Fig. 7 Zero-tum rotation maneuver

6r w— e ference pﬁtlli_
== Proposed

4
l\l

CEIE o | ]

0 —— —
"-—--

. . . . |
5 10 15 20 25
X[m]

Fig. 8 Pure lateral repositioning maneuver

A Fe Fo2 o] FAIZT Fig 84| A A& F3) e
Zhg A M7 A oL A SHo R HFH e
R 7329 FF3sit

5.8
2 =R e B5d 8400 A 3e 4WIS4WID 7]
75 AT AFS AF AR AR FF A
A ol7]1 & AltetH Tt Ae A7 ATHQA =F
EE 7]ubAlojet e, FHUg Sl e Yol EE A
ez A HAsgo N 23 BEd FolH A
EHFAS &5 A E b Stk AFA Al T+
1381 A9 dAldM = AR 2 A8 H 288

v g2 J

ty ¢

220 ERASASHE =R A4 A2E, 2026

%% 99 g AAe T, o9l A o & 2 uie) =
P78 SE2 WRFORA Ao] A2E Atk

MATLAB/CarMaker 7] 4|5 20] & -3 A0} 71 &
Az sgom, Agk Ao 717k 7] W gel mE
@ B4y AAR T R EY T A A TS
TR SAsholch i, Ao] 4 AR AZHE A4
HABS B RS B 5 gtk obed A 83
3} o 053} 2 1E Arkel QoM E ABE A
o7} 5o & AFe, A% A 7)e) BT T
523} Qb4 2 A Ao} A5 & AN A o= AT e
o}, gFolE B Alo171E Al Aol Agste] 4L
Fapeha, A4l Bd SN TP B 24
2 27k A7E QAL ool ) o Z Fa) A Ao}
719] 3k A8 P4 & BohsL, ek A0 48T
o Alo] Al 29lo.2 $48) Wb Rl & Aol the
333171 2 Rolth.

F 7

E=Fe U A5 T Ad Aoz A4
wrol £ ¥ 9 S, o] =52 20254 E7|E WS o]l
o AEATATHA] AL st ATEHAE. &

T-E£2023d 7713435171 29 73] 9] A Y& Wol 3
“ulglo] g 7% A& A FH5BAL FA) AHE
o Z A" 2 Al ZHEFE 7T} A (CRC23041-000)
ol AT AT, o] =F-L 20259 AR (HE/|EARE
AFye] Aoz A AT 2L o} 3¢
A7 91 (No.2022R 1A2C1004405).

References

1) Y. Ye, L. He and Q. Zhang, “A Robotic Platform ‘Bin-
Dog’ for Bin Management in Orchard Environment,”
2016 ASABE Annual Intemational Meeting, Paper
No.162462088, 2016.

2) S.].Park, J. W.Jeong and J. Y. Kim, “A Study on Wheel
Independent Steering in Future Mobility,” KSAE Spring
Conference Proceedings, 2022.

3) C.W.Yang, H. H. Jeon, S. J. Yoo, B. D. Cha, M. G. Kim
and Y. J. Kim, “Analysis of Steering Torque According to
Steering Modes of 4WS Driving Platform for Orchard
Fore,” Drive & Control, Vol.21, No 4, pp.152-160, 2024.

4) Y. Ye, L. He and Q. Zhang, “Steering Control Strategies
for a Four-Wheel-Independent-Steering Bin Managing
Robot,” IFAC PapersOnLine, Vol.49, pp.39-44, 2016.

5) Y. Chu, C. Wang, X. Zhou, Z. Zhang and W. Zhao,
“Instantaneous Center of Rotation Tracking Control of
Four-Wheel Independent Steering Vehicles Under Large-



6)

7

8)

9)

10)

1)

Dpepl §F IWISAWID AESY FAEE 2AB S 24 Hof7] dA

Curvature Tuming Conditions,” IEEE Transactions on
Intelligent Transportation Systems, Vol.25, No.ll,
pp.17965-17978, 2024,

P. Wei, C. Peng, W. Lu, Y. Zhu, S. Vougioukas, Z. Fei and
Z. Ge, “Efficient and Safe Trajectory Planning for
Autonomous Agricultural Vehicle Headland Tuming in
Cluttered Orchard Environments,” IEEE Robotics and
Automation Letters, Vol.10, No.3, pp.2574-2581, 2025.
N. T. Nguyen, P. T. Gangavarapu, N. Mandel, R. Bruder
and F. Ernst, “Motion Planning for 4WS Vehicle with
Autonomous Selection of Steering Modes via an MIQP-
MPC Controller,” 2024 IEEE International Conference
on Robotics and Automation (ICRA), pp.9765-9771,
2024.

F. Xu, X. Liu, W. Chen and C. Zhou, “Dynamic Switch
Control of Steering Modes for Four Wheel Independent
Steering Rescue Vehicle,” IEEE Access, Vol.7,
pp-.135595-135605, 2019.

P. Hang and X. Chen, “Towards Autonomous Driving:
Review and Perspectives on Configuration and Control
of Four-Wheel Independent Drive/Steering Electric
Vehicles,” Actuators, Vol.10, No.8, Paper No.184, 2021.
G. S. Park, J. Y. Kim, G. S. Heo, K. Y. Jang and J. E. Oh,
“Brake Steering Analysis of Electric Driven Special
Purpose Vehicles,” Transactions of KSAE, Vol.5, No.4,
pp.29-38, 1997.

J. H. Hwang, H. S. Jeong and H. Yeo, “Trends and
Development Outlook of Agri-Food IT Convergence
Technologies,” The Journal of the Korean Institute of
Communication Sciences, Vol.30, No.l10, pp.53-60,
2013.

12)

13)

14)

15)

16)

17)

18)

S. T. H. Jansen and J. J. M. Van OQosten, “Development
and Evaluation of Vehicle Simulation Models for a 4WS
Application,” Vehicle System Dynamics, Vol.24, No.4-5,
pp.343-363, 1995.

X. Chen, F. Luo, P. Hang and J. Luo, “Steering Mode
Switch Control of Four-Wheel-Independent-Steering
Electric Vehicle,” In: (SAE-China), S. (eds), Proceedings
of the 19th Asia Pacific Automotive Engineering
Conference & SAE-China Congress 2017: Selected
Papers. SAE-China 2017. Lecture Notes in Electrical
Engineering, Vol.486, Springer, Singapore, 2019.

X. Lai, X. B. Chen, X. J. Wu and D. Liang, “A Study on
Control System for Four-Wheels Independent Driving
and Steering Electric Vehicle,” Applied Mechanics and
Materials, Vol.701-702, pp.807-811, 2014.

W. Wei, M. Xiao, W. Duan, H. Wang, Y. Zhu, C. Zhai and
G. Geng, “Research Progress on Autonomous Operation
Technology for Agricultural Equipment in Large Fields,”
Agriculture, Vol.14, No.9, Paper No.1473, 2024.

K. Bazargani and T. Deemyad, “Automation’s Impact on
Agriculture: Opportunities, Challenges, and Economic
Effects,” Robotics, Vol.13, No.2, Paper No.33, 2024.

G. Nagaraja, H. Shoba, M. S. Sreedevi and P. N.
Krishnamma, “The Impact of Robotics and Drones on
Agricultural Efficiency and Productivity,” Interational
Journal of Research in Agronomy, Vol.7, No.9S,
pp.1001-1009, 2024.

M. N. Zeilinger, M. Morari and C. N. Jones, “Soft
Constrained Model Predictive Control with Robust
Stability Guarantees,” IEEE Transactions on Automatic
Control, Vol.59, No.5, pp.1190-1202, 2014.

Transactions of the Korean Society of Automotive Engineers, Vol. 34, No. 2 2026 221



	과수원 환경 4WIS-4WID 자율주행 플랫폼을 위한 계층적 모션 제어기 설계
	Abstract
	1. 서론
	2. 시스템 모델링
	3. 제어기 설계
	4. 시뮬레이션 결과
	5. 결론
	References


