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An Intelligent Control System Design for Autonomous Underwater Vehicle

s %EFE HEa
(Dong-Ik lee, Dong-Hoon Kwak and Joong-Lak Choi)

Abstract : Autonomous Underwater Vehicles(AUVs) have become an important tool for various purposes in
subsea: inspection, recovery, construction, etc.,, and the development of autonomous control system is highly
desirable. However, there are many problems associated with designing the control system for AUV due to
unknown underwater environment, the possibility of subsystem failures, and unpredictable changes in the
dynamics of the vehicle. In this paper, an autonomous control system based on the intelligent control theory to
enhance operation efficiency of the AUV is presented. The control system has a hierarchical structure which
consists of mission planning level, mission control level, navigation level, and execution level. The performance of
the control system is investigated by computer simulation. The results show that the proposed control system
can be applied successfully to the AUV in spite of the possibility of failures in the vehicle and the collision

hazard in the sea environment.
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Fig. 1. AUV system layout.
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Fig. 2. Hierarchical structure of an intelligent
control system for AUV.
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Fig. 3. Configuration of mission planning level.
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Fig. 4. Configuration of mission controller.
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IF 0% pg THEN next waypoint ;

L}, 3= &l (avoidance rules)
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o 8949 ojgyy
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A wigdae FEHAHOIY 2899 olFH o] HAYRE
AL, olol tiA3] A% HriES I A= FAE
A, &9 EE 180% 27 WP 2ZH 8ju3y gt
TE8E ¢ Utk

E 1 397FH.
Table 1. Avoidance rules.
Collision Hazard Avoidance Algorithm
Sea Bottom Call Emergency_Ascend
Sea Surface Call Emergency_Dive
Over Limit Call Turn_left or Turn_right
Shallow Depth Call Reverse
Obstacle Call Obstacle Avoidance Algorithm

B =FdAME ¥ 134 o] Emergency_Ascend/ Dive,
Turn_Left/ Right, Reverse & A 7Fx9] 2AgAle] Au}
gL 7hed ¥ 1N E HEYIes 73& A &,
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EZ 893 AUVE FE3EE 35S
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5& ud 33 duFel LI, o] =idAe H
AEds 43 FoAg 3HA2dE 29 59 Zo| 74
ok gy gxuEd: 7HES A% gEwEHe &g 2
=3

IF (the path of vehicle and obstacle is CROSS) and IF
(the obstacle is CLOSE) THEN the obstacle is
. HAZARD |
\ IF (the obstacle is HAZARD) THEN activate the 4
| obstacle avoidance algorithm.

Vehicle OBST AVOIDANCE Fuzzity
Dynamics DECISION-MAKER

t , ¥
SR

L Guidance Defuzaify

no control
changes T
Obstacle ]
Avoldance [ Toeary

Algorithm above threshold

Autopllot inference

a9 5 HAo|EE o]&3 FEIT A" FAE
Fig. 5. Configuration of obstacle avoidance system.
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0 08 1 0 08 1 002 05 1
ahead dist. shortest dist. obstacle

¥ 6 FAE 3y duEF /MEE 93 25
Fig. 6. Membership functions to activate obstacle
avoidance algorithm.
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® Mission_Continue(MC): 4} s © JF 3.

® Mission_Continue_with_Restriction(CR): 3173 A A

4.8 AME-A e AT @A AL 3.
® Mission_Abort_and_Return_Rendezvous(RR):
2o\ A 7t ZikE el fXE F2ZF ol F.

® Mission_Abort_and_Blow(AB) : Z&:3 87 4537

£ o]83lyd FEoE NFHA

dAA 4

E 2 RA2Y AR @) A% 2 dnswy
S A%, b) 4% L AnSHe ojoje) A
O
T.

Table 2. Subsystem monitoring rules; (a) for bow
and stern planes, (b) for other subsystems.

bow plane OO MODE-
stern plane D RATE FATAL
GOOD MC CR CR
MODERATE RR RR RR
FATAL RR AB AB
(a)
ailure status OO MODE-
subsystems D RATE FATAL
rudder plane MC RR AB
depth MC RR AB
speed MC CR RR
navigation
sensors | gyro MC RR AB
magnetic
compass MC RR RR
power battery MC AB AB
propulsion motor MC RR AB
avoidance sonar MC RR RR
(b)

o8 f# FAZME E 2o e dnlswEe 2
Hesaee) 39 M2 BeH 48e F9% 5 UES
E 2@ 2& FA7Ne Asdrh 29el 43 ne
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failure level
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Fig. 7. Membership function of failure status.
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) and (end_mission is false)

: THEN do_mission is true
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Fig. 8. Direction of avoidance sonar transceivers.
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AAEE A58 5 A 2 99 g A AL
9, = 2@ 92%E tew & IF-THEN 349 73
2 A 4 Qon, o] FHE olgsd FHHAAN F
HEe HYY + Y= W27 AR WH(4P,,)E
Axe 4 9ok

(a) (b)

(© G))

ad 9. g3y dugF ek

Fig. 9. Conceptual diagram for the obstacle
avoidance algorithm; (a) Trans. #l=detect,
Trans. #4=no detect, (b) Trans. #l,
#4=detect, (c) Trans. #l, #4=no detect, (d)
Trans. #1=no detect, Trans. #4=detect.

(i) IF Trans. #1 is DETECT and Trans. #4 is NO DETECT
THEN turn heading angle to starboard: (Fig.9(a)) ‘

(i) IF Trans. #1 is DETECT and Trans. # is DETECT

| THEN tumn heading angle to starboard: (Fig9(b))

i) IF Trans. #1 is NO DETECT and Trans. #4 is NO

| DETECT THEN turn heading angle to port:(Fig9(c))

}(lv )y IF Trans. #1 is DETECT and Trans. #4 is NO DETECT

’ THEN keep headmg angle steady (. th9( d))

293, A5 AJENE A P22 95 Q% 2
o Fojzitt,

¥, (k+)=

ol Ze Adez AAT FoE 33 ALY HA
T2 29 105 gk a3, FETHS ¥ 3 99 9
2YUSTE AT 25TFE 29 16N 44 AASAT
o71A, 2y arte ‘%‘7‘]7%3]% 100m= 2AstA}.
g¥el Af, Fd 2ved A3 il 3H¥46x % 83
A ke AvEH@ 2 43 EAAH)S AHEEY E 49
FAME e AR HEHE ALY = o

E oomB) + 8C s ©)
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Rule Base
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diide Fuzzify [ =P |nference’—> Defuzzify é A B
Avoid Vehicle Course
range data | Sonar Ixy.z. Dynamics |5, | Autopitot
i H¥)

2F 10. F 23 AAd EYHME,
Fig. 10. Block diagram of obstacle avoidance

system.

;3 3 A 39 713,
Table 3. Obstacle avoidance rules(CL Close, FR
Far, and ND No Detect).

. #4 or #(d,
Trans. #1(d)) L FR ND
CL FPB PB PB
FR PM PM PM
ND PM 70 NM
CL FR ND
r <
0 20 50 80 100
distance(m)
(a)
NB NM ZO PM PB
-2.0 -1.0 0 1.0 2.0
(b)

a8 11 N E ] dudEy AEFHe
Fig. 11. Membership functions of obstacle avoidance
algorithm; (a) input, (b) output.
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Fig. 15. Membership functions of autopilots.
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Table 4. Fuzzy control rule sets for autopilots.
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Table 5. Summary of input/output variables and
scaling factors for autopilots.
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