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Autonomous Obstacle Avoidance for AUV Based on Modified
Guidance Vector Field

YAO Peng' XIE Ze-Xiao*

Abstract An efficient method called the modified guidance vector field is proposed to solve the three-dimensional
obstacle avoidance problem for autonomous underwater vehicle (AUV) in complex ocean environment. The initial guidance
vector field in free space is first constructed to guide AUV to the destination along the shortest path. Then the modulation
matrix is defined to quantify the influence of obstacles on the initial guidance vector field, and the modified guidance vector
field in obstacle space is hence obtained, where AUV will avoid static obstacles when navigating to the destination. The
referred velocity of dynamic obstacles is introduced to construct the relative initial/modified guidance vector field, and the
limited time domain based derivation and adjustment strategy is also utilized to guide AUV avoiding dynamic obstacles
safely. Finally the simulation results demonstrate that this method applies to the obstacle avoidance mission for AUV

well in complex ocean environment.
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Fig.9 AUV avoiding obstacles in a complex scenario

References

1 Wynn R B, Huvenne V A I, Le Bas T P, Murton B J, Con-
nelly D P, Bett B J, et al. Autonomous underwater vehicles
(AUVs): Their past, present and future contributions to the
advancement of marine geoscience. Marine Geology, 2014,
352: 451—468

2 Tan Min, Wang Shuo. Research progress on robotics. Acta
Automatica Sinica, 2013, 39(7): 963—972
(FRS, . HLas NEORBTFLRE . A3k, 2013, 39(7):
963—972)

3 Zeng Z, Lian L, Sammut K, He F P, Tang Y L, Lammas
A. A survey on path planning for persistent autonomy of

10

11

12

13

14

autonomous underwater vehicles. Ocean Engineering, 2015,
110: 303-313

Yao P, Wang H L, Su Z K. Real-time path planning of un-
manned aerial vehicle for target tracking and obstacle avoid-
ance in complex dynamic environment. Aerospace Science

and Technology, 2015, 47: 269—279

Shen Hao-Yu, Wu Hong-Tao, Chen Bo, Ding Li, Yang Xiao-
Long. Obstacle avoidance algorithm for redundant robots
based on transition between the primary and secondary
tasks. Robot, 2014, 36(4): 425—429

(FRVs e, UG, WA, 11, /e, 25T EIMMES HEARIIUR
BLAE NRERE ST, HLAR A, 2014, 36(4): 425—429)

Fang M C, Wang S M, Wu M C, Lin Y H. Applying the self-
tuning fuzzy control with the image detection technique on
the obstacle-avoidance for autonomous underwater vehicles.
Ocean Engineering, 2015, 93: 11—-24

Kamil F, Tang S H, Khaksar W, Zulkifli N, Ahmad S A.
A review on motion planning and obstacle avoidance ap-
proaches in dynamic environments. Advances in Robotics
and Automation, 2015, 4(2): 1000134

Garrido S, Moreno L, Abderrahim M, Martin F. Path plan-
ning for mobile robot navigation using voronoi diagram and
fast marching. In: Proceedings of the 2006 IEEE/RSJ In-
ternational Conference on Intelligent Robots and Systems.
Beijing, China: IEEE, 2006. 2376—2381

Sgorbissa A, Zaccaria R. Planning and obstacle avoidance in
mobile robotics. Robotics and Autonomous Systems, 2012,
60(4): 628—638

Zhu Da-Qi, Sun Bing, Li Li. Algorithm for AUV’s 3-D path
planning and safe obstacle avoidance based on biological in-
spired model. Control and Decision, 2015, 30(5): 798—806
(RR7F, IhEE, 2R, JE TR ) AUV =4 5 LR
R e AR k. Pl sk, 2015, 30(5): 798—806)

Carroll K P, McClaran S R, Nelson E L, Barnett D M,
Friesen D K, William G N. AUV path planning: An A* ap-
proach to path planning with consideration of variable ve-
hicle speeds and multiple, overlapping, time-dependent ex-
clusion zones. In: Proceedings of the 1992 Symposium on
Autonomous Underwater Vehicle Technology. Washington,
USA: IEEE, 1992. 79—84

Yan Zhe-Ping, Zhao Yu-Fei, Chen Tao. Three-dimensional
path planning for UUV with multiple constraints. Torpedo
Technology, 2011, 19(5): 365—369, 375

O, K, BRE. 20T UUV BRI, 855
A, 2011, 19(5): 365—369, 375)

Hernéndez J D, Vidal E, Vallicrosa G, Galceran E, Carreras
M. Online path planning for autonomous underwater vehi-
cles in unknown environments. In: Proceedings of the 2015
IEEE International Conference on Robotics and Automa-
tion. Washington, USA: IEEE, 2015. 1152—1157

McMahon J, Plaku E. Mission and motion planning for au-
tonomous underwater vehicles operating in spatially and
temporally complex environments. IEEE Journal of Oceanic
Engineering, 2016, 41(4): 893—912



1680 H ]|

=3 {1 46 %

15

16

17

18

19

20

21

22

Ademoye T A, Davari A, Cao W. Three dimensional obsta-
cle avoidance maneuver planning using mixed integer linear
programming. In: Proceedings of the 12th IASTED Interna-
tional Conference on Robotics and Applications. Honolulu,
USA: ACTA Press, 2006. 180—183

Chen D S, Batson R G, Dang Y. Applied Integer Program-
ming: Modeling and Solution. Hoboken, New Jersey: John
Wiley and Sons, 2010.

Saravanakumar S, Asokan T. Multipoint potential field
method for path planning of autonomous underwater ve-
hicles in 3D space. Intelligent Service Robotics, 2013, 6(4):
211—-224

Braginsky B, Guterman H. Obstacle avoidance approaches
for autonomous underwater vehicle: Simulation and experi-
mental results. IEEE Journal of Oceanic Engineering, 2016,
41(4): 882—892

Li S H, Wang X Y. Finite-time consensus and collision avoid-
ance control algorithms for multiple AUVs. Automatica,
2013, 49(11): 3359—3367

Waydo S, Murray R M. Vehicle motion planning using
stream functions. In: Proceedings of the 2003 IEEE Inter-
national Conference on Robotics and Automation. Taipei,
China: IEEE, 2003. 2484—2491

Wang H L, Lyu W T, Yao P, Liang X, Liu C. Three-
dimensional path planning for unmanned aerial vehicle
based on interfered fluid dynamical system. Chinese Journal
of Aeronautics, 2015, 28(1): 229—239

Yao Peng, Wang Hong-Lun. Three-dimensional path plan-
ning for UAV based on improved interfered fluid dynamical
system and grey wolf optimizer. Control and Decision, 2016,
31(4): 701-708

(W, 4. T et AR Pl 5 5 AR o AHL =2
L. FEl s, 2016, 31(4): 701—708)

23 Kim S, Oh H, Tsourdos A. Nonlinear model predictive co-

ordinated standoff tracking of a moving ground vehicle.
Journal of Guidance, Control, and Dynamics, 2013, 36(2):
557—566

24 Nadarajah N, Tharmarasa R, McDonald M, Kirubarajan T.

IMM forward filtering and backward smoothing for maneu-
vering target tracking. IEEE Transactions on Aerospace and
Electronic Systems, 2012, 48(3): 2673—2678

wOME PR RS DR YR, 3
BTFUIT AN TE N RGBSR 5 4 R
WA, ZHLA A BRI 6. A o0d
(EH(=

E-mail: yaopenghappy@163.com
(YAO Peng  Lecturer at the Col-
lege of Engineering, Ocean University
of China. His research interest covers

path planning and intelligent decision of unmanned sys-
tem, cooperative optimization and control of multi-robots.
Corresponding author of this paper.)

N AR SN Sy N el TR K
FERE ST W AL AL 5 KR =4k
. E-mail: xiezexiao@ouc.edu.cn

(XIE Ze-Xiao Professor at the Col-
lege of Engineering, Ocean University
of China.
ers machine vision and underwater 3D

His research interest cov-

measurement technology.)



