creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

FEHAN AR

AUV A= AoE A%
RCGA 7|4k PD A|of

Depth Control of an AUV
Using PD Controller Based on a RCGA

2016 A 2 ¥
G it tishd

MAEZYAESH Aol



o)=3})
T

PRt =

(e}
o}

lo] BapL

do

AL

1L-11 O
Tl =

H

(D)

ofr
,._m__.o
<

230]

]

W

0

2015 12

o



LISt OF TADIES ++erereesersresssssresessssesessssssesessssssssesssssnssesassesasasassssssassssssssasasnsaes iii
LiSt Of FIGUIES +wereseeesssssssessssssssssssassssssssssssssasssssssssssssssssssssssssssssssssssssssssses iv
ADSLTACE weeeeeeseressssesessssesssssnssessssssesssssssssssssessssssessssssessassssssssssssesssssessssssssens vi
Al1AA &
1.1 AT HIZ L S TF cererrnnnnennnnnnniiiiiiiisssssssasasasaas 1
1.2 AT LR T JEA] cencescuscunsessesussussussussissesssssasssssassssssssasssssassassssesss 4

A 2 & AUVY AAANG 3 25844
2.1 AUV AA] TP Q. crerrersercnsmscssnsescssesesinesisissisemsessssissssmssssssssasessasssens 7
2.2 REMUS?] AIEAE 23k A& HH cmnnnnccceesesesnsenes 12

A3 A FALIAF
R R s A BT o Oy ) e e s S 19

3.2 AICFZ AL F T sererercrerersrennsesenineneesnnsisissesesssss e 27

Al 4 & RCGA 7|9t A= Aloj7] 4A

4.1 PID A0]7]12] T2 B i 30
4.2 A 7]2] TEIHIE] TR cevevsssssssssssnsss 37
4.3 ASATE THI AT Ao]7]9 HAFTF e 39
4.4, A% Ao] L A O] 7] AA| . 40
45 REMUS A% Ao & & Aol7]9] shehule] 54 e 42
A5 HAA 2% 4% AE
5.1 ASFZA0] Qo TG v 49
5.2 ACFZ710] Q1 O rrssrsssisssrsssssssissssssisssisssisssissssssses 55



w59

=
L

A6d 2

w61

!
Ak
A

il



List of Tables

Table 2.1 The notation of SNAME(1950) for AUV sesesesesusescscscsucnse 14
Table 2.2 Linearized COETfICIENLS «reseresressssesessessssssessaasssassassessanasaasassans 18
Table 4.1 Parameters of controller excluding COnstraints sesssss+- 44
Table 4.2 Parameters of controller including constraints esssss-- 46

Table 5.1 Performance of depth control system excluding

Constraints ..................................................... 50

Table 5.2 Performance of depth control system including

Cons‘[raints ................................................... 56

— il -



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure

List of Figures

1.1 Various AUV made in KOreg seeessssssssssssssssssssssasssassassassase 1
1.2 Various AUV made in Other COUNLIIES sesssssesessssssusescsases 3
1.3 Overview Of thiS thESIS «eessessessessesssssesnesaessessessessassassassassnenns 6
2.1 Hull forms Of AUV sesesessssssesssessancsacsansssessanssasssnessassssssanasans 10
2.2 Appearance Of REMUS serserssrssssssssssssssssssssssssssssssssssssasnes 13
2.3 STD REMUS profile (XZ-plang) «sssessessessessessessssssssssssssees 13
2.4 Body-fixed and inertial coordinate systems of AUV -- 14
3.1 Modified SIMPIE CrOSSOVET sswsssrrsssusssusssusssusssusssusssssssssseness 23
3.2 DyNamiC MULALION «stssssssresersenssesenssensenssnssensanssensenssnssenssnasenss 24
3.3 Operation Of @ RCGA sesersersssssesssastsssaseusensensensessessensensenssnes 29
4.1 The proportional DA esessesssssessesseasessensensensensensensensensensnes 31
4.2 Integral CONLrol ACHOM «serssessenserssrssenssnsessensensenssensensanssensenes 392
4.3 Derivative CONLIOL ACHOMN sessesssstssesssssseesessesasesssassesassesaens 33
4.4 Proportional-Integral CONrol action «ssssssssssssesesecscacaceseses 34
4.5 Proportional-Derivative CONtrol action sesssssssessssssssssssseces 35
4.6 Proportional-Integral-Derivative control action sssss 36
4.7 Block diagram of PID CONtrol SyStem —cecscssssssssscecscscececs 37
4.8 Optimal tuning of PID controller using a RCGA +esseses 38
4.9 Depth control system for REMUS sesesserserssrssnssnssnssnssnasees 40
4.10 Optimal tuning of the depth controller using a RCGA
........................................................ 43
4.11 Tuning process for Kpi, Kpe, Tq using ISE(IAE),
eXCIUAING CONSLTAINES +weserserserssersersensenssensenssnasensensenssensensens 45

4.12 Tuning process for K1, Ky, Tq using ITAE, excluding

CONSLTaINts seeesseeesereeee

----------------------------------------------------------

4.13 Tuning process for Ky, Ky, Tq using ISE(IAE), including

v —



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

constraints
4.14 Tuning process for Ky,
constraints
5.1 Depth tracking response
excluding constraints

5.2 Depth tracking response

-----

saturator

5.3 Depth tracking response

5.6 Depth tracking response
including constraints

5.7 Depth tracking response

ooooo

..................................................... 47
Kpe, Tq using ITAE, including
..................................................... 47
using ISE(IAE) and ITAE,
..................................................... 50
using ISE(IAE), without
................................................. 51
using ITAE, without saturator
................................................. 592
using ISE(IAE), with saturator
................................................. 53
using ITAE, with saturator
............................................. 54
using ISEJAE) and ITAE,
..................................................... 66
using ISE(IAE), with saturator
......................................... 57
using ITAE, with saturator
................................................. 58




Depth Control of an AUV
Using PD Controller Based on a RCGA

Sun-Yi Kang

Department of Mechatronics Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In industrial processed and many other control problems, even
now more than 95% of the controllers are of the PID controller
type. The PID controller has several important functions. It has
ability to get rid of steady-state error through integral action and
anticipate the future through derivative action. There are many

different methods for tuning the PID controller.

In this thesis, P controller for pitch controller of outer loop control
system and PD controller for fin controller of inner loop control
system are proposed incorporating with real-coded genetic
algorithms(RCGAs) for depth control of REMUS AUV. The optimal
parameters sets of the depth controller are obtained based on a
RCGA and a linearized depth plan model of REMUS. As for assessing
the performance of the control system based on real-coded genetic

algorithms, three performance criteria (ISE, IAE and ITAE) are

_Vi_



adopted. And designing the controller involves a constrained
optimization problem. Therefore, a real-coded genetic algorithms

incorporating the penalty strategy is used.

A set of simulation works are carried out on depth control system
of REMUS AUV to be satisfied the set-point tracking performance

within controller design criteria.

KEY WORDS: AUV; REMUS; PID control; depth control; RCGA;
performance criteria(SE, IAE, ITAE)
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Figure 2.2 Appearance of REMUS
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Figure 2.4 Body-fixed and inertial coordinate systems of AUV

Table 2.1 The notation of SNAME(1950) for AUV

Motion and rotation | {ETE | e R gles
motions in x-direction (surge) X u X
motions in y-direction (sway) Y \% y
motions in z-direction (heave) Z w z
rotation about x-axis (roll) K p )
rotation about y-axis (pitch) M q 0
rotation about z-axis (yaw) N r ¢
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Al 1.54m/se] AT &5 UR o]Fstal Uotd
do=zgt FA4FI, 3]HB(heave)e} I A|(pitch)= Aol 2] flo
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(m— Z\-V)W— (mx, + Zd)d_ Zw—(mU+Z )a=Z; 0, (2.3)
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Table 2.2 Linearized coefficients

parameter value units description
m +3.05e+001 kg vehicle mass(weight/gravity)
Xg +0.00e+000 m center of gravity
Zg +1.96e-002 m center of gravity
L, +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
A -1.93e+000 kg - m added mass
Ly, -6.66e+001 kg/s combined term
Z, -9.67e+000 | kg - m/s combined term
Zy, -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
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Table 4.1 Parameters of controller excluding constraints

objective

function Ko Ta Koz value

ISE(TAE) -4.5433 1.2840 14.4999 2.9129
ITAE -9.5664 0.4715 46.7712 0.1835
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Figure 4.11 Tuning process for Kp, Kpa, Tq using ISE(IAE),

excluding constraints
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Table 4.2 Parameters of controller including constraints

objective

function Kan Ta K2 value

ISE(IAE) -1.2189 0.3300 14.3811 15.5476
ITAE -1.2817 0.3570 7.7620 8.1720
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Figure 5.1 Depth tracking response using ISE(IAE) and ITAE,

excluding constraints

Table 5.1 Performance of depth control system excluding constraints

objective

function value M b E Css

ISE(IAE) 2.9289 0.0000 0.2828 0.8750 0.0000

ITAE 0.1835 0.0000 0.1200 0.4150 0.0000
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Figure 5.2 Depth tracking response using ISE(IAE),

without saturator
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Figure 5.3 Depth tracking response using ITAE,

without saturator
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Figure 5.6 Depth tracking response using ISE(IAE) and ITAE,

including constraints

Table 5.2 Performance of depth control system including constraints

objective

function value M & & Css

ISE(AE) 15.5476 0.0000 0.9000 2.2950 0.0000
ITAE 8.1720 0.0000 0.8682 1.8750 0.0000
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Figure 5.7 Depth tracking response using ISE(IAE),

including saturator
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