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Model Reference Adaptive Control with Artificial Neural Network Compensator of 6
DOF Autonomous Underwater Vehicle

M. Yaghoti®, A. Nikranjbar *"
! MSc, Department of Mechanical Engineering, Karaj Branch, Islamic Azad University, Karaj, Iran.
2 Assistant Professor, Department of Mechanical Engineering, Karaj Branch, Islamic Azad University, Karaj, Iran.

Abstract

The noisy environment of the underwater nonlinear under-actuated dynamic system of the Autonomous
Underwater Vehicle (AUV) turns out the design of the self-tuning controller, more challenging. In this paper,
the Model Reference Adaptive Control (MRAC) along with the Artificial Neural Network (ANN)
compensator of the 6 Degree of Freedom (DOF) AUV is illustrated. 4 Input-6 Output (4160) nonlinear
under-actuated dynamic system is divided into first, 4 subsystems and the partial or inverse linearization
technique and the coupled linearized model are employed for each one. The stability of the closed-loop
subsystems, and hence the complete controlled model is insured according to the Lyapounve’s stability
theory. To increase the robustness of the closed loop system, an ANN compensator benefiting online
backpropagation learning algorithm to tune the network's parameters is incorporated with each controllers.
The results of the simulations of the hybrid MRAC along with ANN compensator in Matlab Simulink
environment, clearly indicates the outperformance of the ANN compensated control method versus its non-
ANN compensated counterpart in terms of increasing the robustness as well as more accurate trajectory
tracking performance of the control system subjected to the continual applied noises for both coupled and
decoupled dynamical systems.

Keywords: Autonomous Underwater Vehicle (AUV) Control; Model Reference Adaptive Control (MRAC);
Artificial Neural Network (ANN) Compensator; Under-Actuated Dynamic; Partial Feedback Linearization.
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% Inverse Dynamic Linearization

® Input-Output Feedback Linearization

" Input-State Feedback Linearization

® partial Feedback Linearization

° Adaptive Controller

10 Model Reference Adaptive Control (MRAC)
! Reference Model

12 Reference Input
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! Autonomous Underwater Vehicles (AUVSs)
2 Coupled

® Under-Actuated

* Fully-Actuated
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° Radial Basis
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! Adaptation Law

2 MIT Rule

® Lyapunov

* Artificial Neural Network (ANN)

® Sliding Mode

® Fuzzy

" Proportional Integral Derivative (PID)
8 Chattering
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% Earth-fixed coordinate system
® Body-fixed coordinate system
"Roll angle
8 Pitch angle
° Yaw angle

ooy ol ead o)lsl 0,55y, jo Kleoged i [vy]
e )0 Comez NS laylly las s Ak
el 0ads oolainl ac o5 Jlsle ol gl )l ewlio
gy 5l ooliinl 9,59, b ansliie )3 (hoghy Sl Jol> b
e ge lis s 0 Sles iy 0l pgeye sl
Ko olny by Sealus Jao (o5 5 Lol
JoaiiS e Jlw Saldgyinn polie slog e oy
Sl (S 5 po il (slmg i 5 g8 Coi L
bt ) sgiee 5l AU g g ssled slag s
oSS Suz g JSie pl Jo gl g e S oy
Se sl ol plny ol Seelus s o ol
4 Llos,S solatwl Y ST guas 4SS caS S
Sed slagyy wlgds slace w4 Sl Gaww) jslate
03 (S b3y Sigo & el (lh Lamg (orae
[Y]asleas

G sle Sy, aney o adS Ojpe Sllae
oolazl yo pladme Jiles 3l lis (ol p) B0 slacly,
bl sl @ azg b ik 8 slo g, )
5 el bl boazrlee o bagly, Gl ead
G Samy cle 4 ax 51 el e olilizl
5 odlie Gl arg ojpe wnlp (Sl Juo e
odd yiiie Slatagh e Sielus (oS op )
SOUETEPG IR U PV B C N S VIR S VKON S 1
By 38hee (o) el (ta el 039y o J 1S
ak So Sl adlhe el iy adl> s
ol 5 el 51 BB 5 a5 s sleo S, b oyl
ool Jow 33 gl b b ool snd 50 callis
Spiaw oiy iluihs Gty SRl g ptes
& Joe oS 5 0asS 558 5l e pSo e 5 See A0
mae a8l olage LU by Sl (Sl
JAS 50 sl )5 g ateesels by, ooy esia
Sl e Frsogys ¥ Ul 5 2lny ol a2 b
25,5

! Drag Force

2 Damping Force
® Lifting force
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+(=m(ygp + w)+Zuw + Zg@)p + (m(zgr + x40) ) @ + (=m(yyr — w)=Xu)r

=Yoo 9] + Yupiut + Yo p)v — (Yo I7] + Yo pt)r — (W — B)cosOsing = Yy,5u6, (¥-1)
(m — Z,,) ((singsinmp + cospcospsingd) (¥ — (ny % + ny,y + ny32))

+(—(cosBsing — cospsinsingd)) (¥ — (ny1% + Ny + ny32))

+(cospcos0)(Z — (n31 % + ngpy + na32)))

+1my, (§ = (nash + naeh) ) + (—cosptand) (P — (nesb + nesth)))

—(mxg + Z4)((cos$) (6 — (nss6 + nseih)) + (cosOsing) (P — (nesb + nesih)))

+(=m(zgp = v) = Yyv = Yr)p + (—m(zyq + ) + Xa)q + (m(xgp +y,q)) 7

~(Zuwi Wl + Zuitt + Zuyp)w = (Zg1q11q1 + Zugru)q — (W — B)cosOcosd = Zyyssu®Ss vy
—mz,((—(cospsinp — cospsindsing)) (% — (ny1% + nyy + n432))

+(cospcosp + simpsindsing) (§ — (ny1 % + nypy + nysz))

+(cosOsing)(Z — (n31 % + ngpy + n332)))

+my, ((singsiny + cosypcosdsind) (¥ — (g, % + ny,y + ny32))

+(—(cosBsing — cospsinsingd)) (5 — (ny1% + ny0y + ny32))

+(cospcos0)(Z — (n31 % + ngpy + na32)))

+(I — K,,)((di — (n4sb + n461[))) + (—cos¢tand) (1}) — (nesh + Tleel[))))
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