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Depth Control of an AUV
using Nonlinear PD controller

Geon Koh

Department of Mechatronics Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The environmental impact on the control model should be considered to
demonstrate performance of AUV(Autonomous Underwater Vehicle) depth control
Therefore, it is necessary to conduct a study on AUV depth control using

nonlinear controllers with greater adaptability and robust than linear controllers.

In this thesis, Nonlinear P controller s designed for pitch and nonlinear
PD controller is designed for fin to conduct the depth control of AUV. The
Parameter values for controllers are optimized through the RCGA and ITAE
performance criteria is adopted. Simulation of AUV linear model and the
nonlinear model using a optimized controller is carried out. The simulation
results suggest that the proposed controller demonstrates satisfactory
performance for the effects of target depth values, continuous disturbance,

and noise.

KEY WORDS : AUV; Nonlinear PD controller; AUV Depth control; RCGA; ITAE;
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A GFEA N wet 2 o ATH14]

Inertial or Earth-Fixed
Coordinate System

Body-Fixed Coordinate .0
System

Sway: v, ¥
Pitch: g, M

Heave: w, Z Surge: u, X
Yaw:r, N Roll: p, K

Fig. 2.1 Body-fixed and inertial coordinate systems of AUV

Table 2.1 The notation for AUV

DOF Motion and rotation l;?ércne:ng Lmesglcc)?ziggsgular (l;osal;[glrésé
1 | Motions in x-direction (Surge) X U x
2 | Motions in y-direction (Sway) Y v Y
3 | Motions in z-direction (Heave) Z w z
4 | Rotation about x-axis (Roll) K P )
5 | Rotation about y-axis (Pitch) M q 0
6 | Rotation about z-axis (Yaw) N r ¢

Collection @ kmou



2 Q2= EAAAgTA S} ATz Y BASE B Ao,

u
yl = J,(p)|v (2.2)
P w
2 232 A LGFHIA Y ATFLAGHAEA Y LR AT Aol
¢ p
0| =Jn)|q (2.3)
1'/) T
J ) J0,)E 2 2.4 = 2 258 o] YEldL,
cosycosh  — sinycoso+ cosysinfsing  sinysing + cosysindcose
() = |Singcosf  cosypeosg+sinysingsing - —cosysing + sinysinfcose
—sin# cosfsing cosfcos¢
(2.4)
1 singtanf cos¢tand
(2.5)

Jy(n,) = lO oS —sing
0 sing/cosf cosg/cosh

212 A9 $9%

SA 1A HEAC FAlo| FHe FAlel XA Hohd, A (2.6)3} 2ol
54 14 AEAR ol 6AHE e5PHAoT RART,

2 OOIA me FAlel Agoli, A WARH A WA AL ¥ 5o

WA Aol v HARE o4 WA 4L A &se HEhd [ = zy=ol

Collection @ kmou



mlu—vr+wg—z,(¢ +r*) +y,(pg—1)+z,(pr+ ¢ = X,
m[b—wp+ur—yg(r2 -|-p2)-|-zg(q p)-l—:c (@p+r) =Y.,
mlw—ugq+vp—2z,(p* + &) +z,(rp—q) +y,lrq+p) = X2,

P+ (L, —1,)qr— (r+pg)L,, + (* =)L, + (pr—q)1,,
+mly, (w—ug+vp)—2z,(0-wp+ur)] = TK,,,

L,q+ (L, — L. )rp—(ptq)l, + @ =)L, +(@p—r),
+m [zg (u—vr+ wq) — T, (w— ug+uop)] = =M, .,

L+ (L, — I, )pg— (g+rp)L.+ (@ = p*) L, + (rg=p)I,.
+m [:L‘g (v—wp+ur)— Y, (u—vr+wq) = TN,,,

I,

x

ANA L, L., [7F L, L, Lol Bls) o)$- ka1, y 3 ol

2 s F7 4 @07 o] endA =k

mu—vr+wg— :13 (@ +7 )+z (pr+9) =X,

mlv— wp+ur+z,(gr— p)+a Jtr))=2Y,,
mlw—ug+vp—2z,(p" +¢ )+:c (rp—q) = 22,

Lp+(L.—1, )qr+m[ zg(v—wp+ur)] =>K,,,
Iyy(']‘|‘(IM—Izz)rp-l-m[zg(ﬁ—vr-l-wq)—:cg(ftb—uq-l-vp)] =M,
Lyr+(I, 1, )pg+mlz,(v-wp+ur)] = N,

A QDA T 7E A& A2 647
T+

H

2
Qe 2olt.

Collection @ kmou

n)

=
M o] Aol QI ©EF Ae 7k gl tidte] AgIt Y =

Rl Rl
WE, [t

(2.6)

2rpa 714

2.7



2.1.3 A< 71A%

(2.8)

control

ZFemt = thdrostatic + Eift + Fdrag + .. + F

> F. < Hydrostatic, Hydrodynamic Forces(Lift and Drag), Added masses,
Thrust Force, Control Force ¥ #do] S+ P34 EHES oz el
T Atk ol#I FAHLALAEE FAY 7Iste FH 2 & = wE @
o] & & Ut} ol FA fA4 =l High AW B =89 dF HHAYE

Holuy] wRol Agstn 43 B (1412 A48

.

Hydrostatics, Hydrodynamic damping, Added Mass, Body Lift and Moment,
Fin Lift and Moment, Propeller Thrust and Torque$} ##H¥ 2z} 252 ¢34
SAY I3 EHE otk 4 297 ==

Collection @ kmou



XX, = Xyet+ X, ulul + Xﬁﬁ + X, wq+ X 00+ X, or + X,y
+ X

prop

Zy;xt - YHS+ Yv|v|vlvl + Yr|r|r|r| + Y;)U + Y;T‘
+ Y, ur+ Y, wp+ Y pg+ Y, uv+ Y, U6,

37, = Zys + Zyuwlwl + 27, alal +Zw + Z(-](']

+ Z,uq+ Z,op+ Zp+ Z, uw + Z S U0,

uu

(2.9
2K, = KHS+Kp|p|p|p| +Kpp+ Kpmp

Z‘Zwext = MHS+Mw|w|w|w| +MquIQ|Q| -I-Mww-l- qu
+ M, g+ M, vp + M rp+ M, uw+ M, U0,

2N, = Nyg+ N, lvl +N,,rle] + Nb?')-l-]\@f

+ N, ur + Nywp + N, pg+ N,uv+N,, 5ru25r

Hydrostatic Momentso|th. Y® ] Zv Al AHel= & 2.29F & 2.3 HAISA
=3

2o Aol A= AAEAst 4 @D A4

H

H put =

o] ZIAstH 4 (2.9)= o]&3st] 2 (21021 AUV
_/r_

Collection @ kmou



(m_Xﬁ)’l'L + ng('] — myg%‘
= Xys + X, ulul + (X, — mwg + (X, +mz, )¢ + (X, +m)or
2
+ (X, + m:cg)r —my,pqg — mzpr+ X,
(m— Yv)fu — ngj?+ (m:cg — YT)r
- YHS+ YU|U|U|U| + YT|T|r|r|+mygr2
+ (Y, —mvr + (Y, + mwp + (Y, — mz,)pqg
+ Y, uv+ mygp2 +mzgr+ Y, ;s u’s,

(m—Z. )w+myp— (ma, + Zé])(']
= ZHS+Zw|w|w|w| +Zq|q|q|q|+ (Zuq-l- m)uq + (va — m)up
- (er — m:cg)rp + Z, uw+ mz, P +¢) — my,rq + Zuuéqu(SS

(2.10)
—ngfb + mygﬁ/ + (I, — Kio)]')
= Kys+ K, plpl— (L, =L, )qr + m(ug — vp) — mz, (wp—ur)
+ Kpmp
mz,u — (mx, + M, Jw + (I, ~ Mq)q
- MHS+Mw|w|w|w| +]Wq|q|Q|Q|+ (Muq—mxg)uq+(Mvp+ma:g)vp
+ []er — (L, — L )lrp+ mz, (vr=wq) + M, uw + Muu&uQ(SS
—mygﬁ + (m:cg—Ni})fb + (IZZ—]VT)’I'
= Nyg + N, vlvl + N, rlrl+ (N, —ma Jur + (N, + mz Jwp
+ [Npq — (Iyy — I, )]pq—myg (or—wq) + N, uv + NuudrUQ(L
A 2102 u, v, w, p, g roll I FHFA o A Hd 4 21D} 4
212)=2 Yeid 4 o B =5oA A" A7y des BI7HE fs 4

A
(2.12)2 AUV? nAE nd 2 8391, 2+ detu)g e o BaE" g
mEl £ 229 mWEd #E sebue E 230 HASHGH1AL

Collection @ kmou



m—Xl-L 0 0 0 mz —my : ) ]
~Y _ ’ vl > X
0 m . 0 mz, 0 m:l:g v Y
0 0 m—2Z my, —mr,~Z. 0 w | | Xz
0 —mz my, L,—K 0 0 D 2K
mz, 0 —m:cg—Ml-U 0 Iyy—M 0 q é%
| —my, m:cg—Nl-) 0 0 0 IZZ—]\Q_ r - :
(2.11)
; m—X. 0 0 0 mz, —my, - Sy ]
v m—Y. 0 —mz, 0 me, — Y. Sy
w B 0 0 m—2. my —m:cg—Zé 0 WA
p 0o —mz, omy,  L,~K 0 0 SK
i] mz, 0 —mr, — Mio 0 Iyy — Mé] 0 é%
r | —my, m:cg—N;J 0 0 0 IZZ—]\Q_ ) :
(2.12)
22 AUVY Ay =dF
AUV HEmEe 2] 2109 A8 S5WEAoRE e e 53
FET 4 At AE Aol g vx= {ASTW sy YA ulsurge

velocity), w(heave velocity), ¢(pitch rate), #(pitch angle)E A3 U= A
v(sway velocity), p(roll rate), r(yaw rate), ¢(roll angle), (yaw angle)= 0°.=
7Hg gkt 14, 191

AUVl zlo] W F=ol tiefAnt e 58442
Z4zke] stebmly e 3 249 2ok o] W AUVZE A3
U, 154lm/s)(eF 3lknotsD& o] &star St} o] w] &l 5] &2 T3
Rb 7 E Al 5 Blheave)9k ¥ A (pitch)= A2l w2 el 7]
=7F 0zt 7Hg & 4 Qlvk 183 &xel disiA Adds)
2.14)¢} o] k3] E@HET

2 B

Collection @ kmou



(m— X )u-l- ng(}— X u— qu— X,0=0
(m— Zl-u)ft'u— (m:cg - Zé)(']— Z w—(mU+ Zq)q = 750,

ngﬁ— (ma, + Mw)ﬁ/‘i' (L, — ng)(']_ Mo+ (ma, U—M,)q— M = M; 0,

(2.13)

2=w— Ub (2.14)

b=q

ef 2 (213 FATA z,7F BHE =Sl Hlwste] wl$- Ao 7Hg

A "ok, 4 (2.15)3 7o SurgeE Heave$} Pitch2ZXE] A2 4 ot

(m—Z. Jw—(ma, + Zé)iz— Zgw—(mU+ Z,)q= 70, (2.15)

— (ma, + M, Jw+ (1, — M. )g— M, w+ (ma, U= M,)q— M = M6,

4 1% 2 219F FEPA o dehiE 4 (2163 @ol vl 5
ole.

Collection @ kmou



(2.16)

o]t}

4 INZ YEhd Ak

A

%3

Al
>

i

r = Az + Bu

2.17)

A=M"'C,, B=M"'D

Collection @ kmou



$@, S8 SErh 02 =AER amstel WS At HEEE, £33
Z

l [6.] (2.18)

r = Az + Bu (2.19)
K N | M;
2 |= Iyy_Mq Iyy_ q A + Iyy_Mq [55]
0 0 U 0
0 1 0 0 0 0
— 14 —

Collection @ kmou



Table 2.2 Non-Linear coefficients : Forces
parameter value units description

Xl -1.62e+000 kg/m Cross-Flow Drag

X -9.30e-001 kg Added Mass

X -3.55e+001 kg/rad Added Mass Cross-Term
Xy -1.93e+000 | kg - m/rad Added Mass Cross-Term
X, +3.95e+001 kg/rad Added Mass Cross-Term
X, -1.93e+000 | kg - m/rad Added Mass Cross-Term
Xorop +3.86e+000 N Propeller Thrust

Y -1.31e+002 kg/m Cross-Flow Drag

Y +6.32e-001 | kg - m/rad® Cross-Flow Drag

Y, -2.86e+001 kg/m Body Lift Force and Fin Lift
Y, -3.55e+001 kg Added Mass

Y. +1.93e+000 | kg - m/rad Added Mass

Y, +5.22e+000 kg/rad ~ |Added Mass Cross-Term and Fin Lift
Yoo +3.55e+001 kg/rad Added Mass Cross-term
Y. +1.93e+000 | kg« m/rad Added Mass Cross-term
Yo +9.64e+000 | kg/(m - rad) Fin Lift Force

Zul -1.31e+002 kg/m Cross-Flow Drag

Zyd -6.32e-001 | kg - m/rad? Cross-Flow Drag

o -2.86e+001 kg/m Body Lift Force and Fin Lift
z, -3.55e+001 kg Added Mass

Zé -1.93e+000 | kg - m/rad Added Mass

Zg -5.22e+000 kg/rad |Added Mass Cross-Term and Fin Lift
Zyp -3.55e+001 kg/rad Added Mass Cross-Term
er +1.93e+000 kg/rad Added Mass Cross-Term
Zus -9.64e+000 | kg/(m - rad) Fin Lift Force

Collection @ kmou




Collection @ kmou

Table 2.3 Non-Linear Coefficients : Moments
parameter value units description

K, -1.30e-003 | kg - m?/rad® Rolling Resistance

K, -1.41e-002 | kg - m¥rad Added Mass
K, . -5.43e-001 N-m Propeller Torque
M, +3.18e+000 kg Cross-Flow Drag

M, -9.40e+000 | kg - m?%/rad? Cross-Flow Drag

M,,, +2.40e+001 kg Body and Fin Lift and Munk Moment
M, -1.93e+000 | kg -m Added Mass

M, -4.88e+000 | kg - m%/rad Added Mass

M, -2.00e+000 | kg - m/rad |[Added Mass Cross Term and Fin Lift
M,, -1.93e+000 | kg - m/rad Added Mass Cross Term

M,, +4.86e+000 | kg - m*/rad? Added Mass Cross Term
M, -6.15e+000 kg/rad Fin Lift Moment

Ny, -3.18e+000 kg Cross-Flow Drag

Ny, -9.40e+000 | kg - m?/rad” Cross-Flow Drag

N, -2.40e+001 kg Body and Fin Lift and Munk Moment
N, +1.93e+000 | kg-m Added Mass

N. -4.88e+000 | kg - m%/rad Added Mass

N, -2.00e+000 | kg - m/rad |Added Mass Cross Term and Fin Lift
Ny -1.93e+000 | kg - m/rad Added Mass Cross Term

N, -4.86e+000 | kg - m*/rad? Added Mass Cross Term

Nyus, -6.15e+000 kg/rad Fin Lift Moment

~ 16 -




Table 2.4 Linear coefficients
parameter value units description
m +3.05e+001 kg Vehicle Mass(weight/gravity)
T, +0.00e+000 m Center of Gravity
I, +3.45e+000 kg - m* Moment of Inertia about y-axis
X, -9.30e-001 kg Added Mass
X, -1.35e+001 kg/s Axial Drag
X, -5.78e-001 | kg - m/s Added Mass Cross Term
X, +8.90e+000 | kg - m/s’ Hydrostatic
Z, -3.55e+001 kg Added Mass
Z, -1.93e+000 kg - m Added Mass
Z, -6.66e+001 kg/s Combined Term
Z, -9.67e+000 | kg - m/s Combined Term
Zs, -5.06e+001 | kg - m/s’ Fin Lift
M, -1.03e+000 kg - m Added Mass
M, -4.88e+000 | kg - m’ Added Mass
M, -5.77e+000 | kg - m?/s* Hydrostatic
M, +3.07e+001 | kg - m/s Combined Term
M, -6.87e+000 | kg - m%/s Combined Term
M -3.46e+001 | kg - m*/s® Fin Lift
— 17 -
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)= K e 0)+ = [ Ote (ir + 1,24, (3.4)

ALGgr= Fd3std 24 3.5 Zo] vehd 5 Qlth

1
G.ls) = K,(1+ -+ Tys) (3.5)

2

9 AelN KE wE AL, T ARAZL T vEAH 4363 2
o] Zk7te] AlQlmto® FAY 4 3tk

4

K.
G(s)= K, + — + K (3.6)

oli, K;= Vi ARISE KT, oIt
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3.2 143 PID A|of7]

3.2.1 HIA g PID Ao~

71E9] A3 PID Aloj7]8] @& Aojr] gevEE HFsA sx3AAE
=2 279 W3l Toz st Aojuiide] WA H‘ﬂ XHOJ_oHOF Cla=
olty, 1% 7] W&o 71 AF PD Aojrle 7|5 IAAES zHA At o)y
3 EAHS MAAZ Y& AT AAAS ST I T ey

PID #0177} &l Wiez AE sy dn. 2@ HAdE PID A7)
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o

=S

K (et)= BlE AR, Kle)e A2 A, Klelt)e v Adel™ AW
Al A(Time-varying gains)o|t}, Zrzhe] Al Al 9.3 e(t)] 42 54 A
ARG et)E ez H7|3IL

(3.8)3 o] dstA xdE = ATh

Zse + K, (e)s (3.8

3.2.2 AUV A= Ao A&=H+= HIAE PID Ao)7]
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e

=&ollA AHEEE BIAE PID Al0)7][20]= 4 G99 o] EHHA

sdEz ®ASY 19 317 2t
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Cle)= K 0) + 2

: — T Kylee)s (3.9)

K (e), K(e), Kjle,e)e 23 e9} 22 W3k eol tidt mdyg A

P 1

Al AlQle o

Y

Ky(e)

Ki(e)

\J

P(s)

> Kq(e,e)s

Fig. 3.1 Used NPID control system

(D w14 ¥g nl# A <UWNonlinear Proportional gain)

K, (e)= Kg, (e) (3.102)

gyle)=1————= (3.10b)
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K %o 4%, g () 5 MAbs o(=1) 9 008 2 HE mAad
golth. 4 IO 23 e7h RRUR AXA HA g ()= @
Asta, v 2 9%} e7F Qo)™ sFskg: (1—1/a )2 FHE3%Y. sFgkgk e
e o, el we depric,

ot
)
©
W

(2) vl ¥ ZE A<AWNonlinear Integral Gain)
e Adigte] & wdl= AE A S FAA st LHFE Ao thnlst

I, eo) Aol 4 W AR A G T GO shel FPFE o
g 29 5 . olF 98 4 G1DE Agwh

K (e)= Kg;(e) (3.11a)
(e)= — (3.11b)

% 1-|-(cl-e)6 .

A71M K= o A, gle)= o(>0)8 MAWEE k= nHE ol

HMAE 5 g () 03 1 Abo] gre e,

(3) ¥4 ¥ v E A<dWNonlinear Derivative Gain)

MY PREAe oxte] WEgs mE A MeANA AL D, w5
A3 AR FAo] AXNW FHE Lo AAA B AL WY AZFHn AL

Z2A At ol5 YA 4 B12)E TdEEH= AE 0lE AJE ARSI
K, (e,e) = Kg,(e,e) (3.12a)
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l=———F—5 > ee>0
) + 6 ee
g,(e¢) = ald (eie) (3.12b)
l1——, elsewhere
aq

K= 49 AR gilee)e F MARS a (=D} ,008 zte nAY F5

olth, MME T g (e.e) EI 07 1 Abo]9] e zh=th

2 2 23t HAsE g7 Fo sl o] 7l 1975
. H. Holland <2100 93l Aoz /fdd Z o2, Goldberg(22]o] 23|
0% SR8 do. i Solst o431 o F3telA HA Y s AA
sh7] sl AAYE] e oledt. 27| Fdho] AR FGAAES]
A S0 AYE G5l o5 BrhAh o] @ 7 GAAE B Hol &
TE AFgsta 1 AAE AFET} 7H*4%E‘r T AAAE ARREE A
< AR el o3t o AES MAE Agste g Ade J5es A
wHlE= JRAE Abele] HHugko] JhEetA dtH, EdAMolE A

sk ol Mz H3tE =AY & A $¢ 73 dxkA

=]
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Current New
Population Population

/.b.@

Mutation }

Fitness

Reproduction
Evaluatlon P

I j

Crossover }

—
—

Fig. 3.2 Operation of a Genetic Algorithm

a}

&2 o|zxlzd(binary coding)ell 71x=& 8

HAEEo] A3, Aol EAEY w2 FEES it Bag A+

Ao dolE AA AAs ok st= Aol Atk WA & =EelAs

£ A2 ZANFgeR AHAF3] A9 Wl dudE dAA He A

AAE 27 ste de-ad 73 418 FRCGAR4AIE AHEtd. A4 w34
0

7+%wg~ﬂﬂww+%m%§.m%aﬂ Ach mebd deng G A
3

|

s=(sy 89 = 8; = 8,) (3.13)
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(D A4

A A tHreproduction)2 A4 A3 H=o] B =2 AE 71 E e A
AETL AAZHE EWste WAUSSE ZF JAY JEEE 7|vHe=ZE 5hy
A W MAles AAs A, A2 Jads T=s AAHH. °lE At
ook JiAES EobaL, A3 JfAEel AAEH AtiuArt JPFdrF
122 7H2 R eo] A Jh

_|<_>|_
B =204 = Pham¥} Jin[25]0] AQ+st Fule} GALS A AHS AFL-FHT)
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R A FAJAE M2 wsdn, wHf daAtEs SS9 (26, B
WHi27], e wHi28] So] e, ¥ =AM AMeEE
2 3193 o] dx Agst ALS AAs= a2 aldl
ojFo FAA 7d AE mekste] AES FA st I wHlE
ojtt.

(3.15)
:C-Z)\:cl-‘-l-(l—)\):cj (1< j< n)

A7IA wiet xiE FHedA Adue R QA frizeln, zy et o
&£ dAA Fxztelth A= FUdg(multipienZ2X 1ZFHAY Ee 2+ §3
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Crossover point

Su=| X | Xy | o | X Xy| o [ K| X, S, =X | X Xj | X, Xoi| X,
Se=| X\ | Xy | e | X[ K| o [ Kaa| Xa Se=|X{ | X3 Xj | X, Xo1| X,
Fig. 3.3 Modified simple crossover

(3 EAH
E’_Eléi‘r F AP E FF wrjel Y-S 3 e Jawk 34 2 o
AEol A=z HolZHAl Hol AHsfivt Abdel Al 2 5 Atk ol T
%axl e A= RE Hojur] 9)at mAYFZe] Edmololtt, EAM|E F
dAol= WHOE AA =9Wo], 4 Aol 75 =dWHol

5 =X X X [ X, Xoi| X, E{> S =| X | X, X [ Xin Xn1| Xn
Fig. 3.4 Dynamic mutation
~ ~(v) _~
r.+Ak x. —x), if 7=0
lej - {~] ~] ~(L)] (316)
x;— Ak, x—x; ), if r=1
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Al 4% RCGA 71t A= Aol7] 4A

41 A= A A" AA

AUVY A= Ao} Al2glE 93] vAdE AofrE HAASAT. 29 4.19 4]
Ay A7 E o] &3 Ao A z®loA YR Ao AJ2=EIRI A Aor|E= 2
(4.D¢ HAdd PD A71E AMESIR L, 5 Alo] Al2HIQlL 31X A7 =&
21 (4.2¢ "y P Ao7|E AFESEATE Ao AlzHloA= A Alojr|et I
2] Aoj71E E3le] AA < AUVY A= AoE A Fot

outerdepthloopslow) | _________ L Clheesl o Slmeell o n
I i
! __innerpitchloog(fast) . _____ . .. . i
| i I
: i Environmental disturbance i !
| | -
I . .
i e 0[] 0, 8, [ O 0! z|
— O v(e) | jl_ O Kye) + Kq(e,0)s 7? G, 7™ G, |
| itch | pitch ) A : |
! p ! pitch fin controller fin saturation plant I plant i
! controller | saturation q !
| | + Ny |
| i | sensor |
| oo o oo ooooooooooooooed noise }:
I I
1 Lo
! sensor

_____________________________________________________________________________________________

Fig. 4.1 Depth control system of AUV using Non-Linear controller

7 A7 ALEE BAE PD Aojrls A DE BT 4 o)
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o s AFE ol&d #HAH A7) g HE &8l AoA 2Rl A

Aoz Hrgd 4 gk 2 43S AF 22 AHECASE : Integral of the
Square Error), 2] (4.4)= Ao 23 ARJAE : Integral of the Absolute Error),
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AE : J,, = f (le. (£)l+le, (0)) el (4.4)
0
ty
TAE  Jypap= [ 't (e (0 +le, (0 (4.5)
0

AUV A& AlolE AT Ao7]e] sapny 4= AsiA 4 2.19)9 AUV
APEL S AREshth Zdef SepuEe & 242 72 5 3o

o] Wj AH8&H RCGAS Aol W= Hoo A7+ 30, A4 A+ 1.8 A
Astal, wHl FE2 0.95, =dWo] &L 022 AASAT HAY o5 3
g5 B8] A 234 7Y AR E —80<K <80, 0.01<T;<10, -10<~<10,
0.1<a,<50, 0.1<¢,<30, 0.1<a,<50, 0.1<c,£50, 0.1<a <50, 0.1<c. <50 2.2 A EA
t} o] o] 27| AUVE 9 OlmlolA €4 £=2 &= FA(course keeping)
$eEta Qo Ex AZE £4 1mlE H#EHIT (pitch rate), z(heave

position), A(pitch angle)®] %713k 0.2 A3ty
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3] AEHolAS AN & HFdte HAEFHo R F 413 o] Aojr] gt
2 AA3T F 418 RCCAZS &3 sB-AE u|AE A o7 getu]E So)
=3

BCGA environmental
with ITAE disturbance
~.
/. ~. <. d
. ed ee T~ ~ 85 ++ e Z
— Kok Ku(e.e)s Gy 77 G2
*p 1l _ T 1 1
Sentolier PD controller plant n plant
+ n;
*sensor
noise b

sensor
noise

Fig. 4.2 Optimal tuning of the Non-Linear depth controller using a RCGA

Table 4.1 Parameters of Non-Linear PD controller

Parameters
K, T, 2
-42.579 0.114 -1.085
ap Cp ad
24.34 48.282 13.152
C4 a, c,
36.296 33.257 33.382
_ 35 —
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Fig. 4.3 Tuning process for controller parameter using ITAE
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Fig. 4.4 Tuning process for controller parameter using ITAE
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Fig. 5.1 Depth tracking response of Linear AUV Model using Non-Linear
Controller (0lm] — 1[mJ))

Table 5.1 Performance of Non-Linear depth control system for Linear
AUV Model (0[lm] — 1[mD

Controller IAE Rise Time Settling Time

NPD 1.8675 2.0971 3.7497
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Fig. 5.2 Depth tracking response of Linear AUV Model using Non-Linear

Controller (0Olm] — 10[ml)

Table 5.2 Performance of Non-Linear depth control system for Linear

AUV Model (0[m] — 10[m])

Controller

IAE

Rise Time

Settling Time

NPD

128.8982

19.8850

24.7966
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Fig. 5.3 Depth tracking response of Non-Linear AUV Model

Table 5.3 Performance of Depth control system for Non-Linear AUV

Collection @ kmou

Model
Controller [AE Rise Time Settling Time
NPD 251.2808 40.5749 49.9845
T.P 249.2671 38.9268 48.8219
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Fig. 5.4 Depth tracking response of Non-Linear AUV Model

(Disturbance at 30[s])

Table 5.4 Performance of Depth control system for Non-Linear AUV
Model (Disturbance at 30[s])

Controller [AE Rise Time Settling Time
NPD 250.1248 35.2461 54.8618
T.P 258.5804 33.7353 NaN
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Fig. 5.5 Depth tracking response of Non-Linear AUV Model

(Disturbance at 60[s])

Table 5.5 Performance of Depth control system for Non-Linear AUV
Model (Disturbance at 60[s])

Controller [AE Rise Time Settling Time
NPD 258.6516 40.5749 68.9061
T.P 258.0457 38.9268 NaN
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Fig. 5.6 Depth tracking response of Non-Linear AUV Model using

Non-Linear Controller (Noise)

Table 5.6 Performance of Non-Linear depth control system for

Non-Linear AUV Model (Noise)

Controller

IAE

Rise Time

Settling Time

NPD

251.5218

30.9467

99.9317
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Fig. 5.7 Depth tracking response of Non-Linear AUV Model using

T. Prestero Linear Controller (Noise)

Table 5.7 Performance of T. Prestero Linear depth control system for
Non-Linear AUV Model (Noise)

Controller [AE Rise Time Settling Time

T.P 599.4115 30.5197 NaN
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