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Controller design for the AUV’s way-point tracking

Soon T. Kwon

Department of Information and Communications Engineering

The Graduate School, Pukyong National University

Abstract

Recently, The  necessity of AUV (autonomous underwater vehicle)
exploitment is ‘ever increasing as the exploration of marine ' resources and
underwater military applications are more activated. Therefore, in order to
control AUV’s  correct location and posture in the sea water, the
implementation 'of the AUV is a crucial key point for such applications.

In this dissertation, we. propose a small size AUV consisting of GPS (gobal
positioning system) interfacing equipment and-various sensors such as [IMU
(inertial measurement unit), DVL - (doppler velocity logger), and depth sensors.
Actually the designed AUV is activated by thruster and four rudders. And
then we developed a state feedback controller based on the pole placement
method for tracking of the AUV’s way-points. The proposed controller was
simulated by MATLAB/Simulink using 6 degree-of-freedom nonlinear model.
According to the simulation results, we experienced that the performance of
the tracking ability of our suggested controller is superior to the case of the
conventional PD controller and its performance of way point tracking is shown

to be fulfilled within 1 m.
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FZ 22 STARFISH[6] T°] i, FEuetollAxE 19931 2] CROV300-=
ANzZro 2 sle] 19961 d el OKPO[7]E AA, T oaf|fdTdoA
ISiMI[8[9][10]5 7} ¥3l At
AUVE A 8ol WsstAY 1 Ex] @ vA W] Fafol
A ZAgete A G, AA WAAE 5HS o] 83t AgHoR
715 dFE FAsL BFoE BHsE Zs with ol we
%

of ZRoA $5% Ao A At

olel, GPS (Global positioning system), IMU (Inertial measurement
unit), DVL (Doppler velocity logger) 3 Zol AMAE o] &3l FF=
Bo| 9x @ QM2 A3 3, stk FX7] (thruster)$ 4719 ¥k
(rudder) & Al&3te 428 AUVE 7)d3t3H.
2 =2dAME AEFA AUVZE de& FojAl= BRis F537
ARt PD Aozl dH) AR AoA7IE BAsta, AlEHolAs dde

st Alctkd Ao 7)o e ATskaA .



0. AUVY +A

1. AA A

7k AUV ¥ A9 TF

AUVS] AAE H5E 295 duiel s5roz ¥ & ok

» >
| =0 H
| ST | e | A0| 8 |

PN, AUV el X4

AUV &g T3 a5 2. AFRe) Zdojx= 205 mm, FYHe
Zol= 1003 mm, AH)H2ldo]=-531 mmo|H, FZ4o]= 1739 mmo|
o AgEE vojglon, stz o] o &8&A WF Eo] A4
AA ATk AUVY F T3S & FAE 23 4% oF 37 kgfel™, #
FEHE o] &3t Aatd BHE oF 43 kefolt), wabA oF 6 kgfo] ¥4

248 7R3 ok AAE TSI = ASE Aled6lolH, A4

= engineering plastic 54 PC (poly carbonate)E €}3te] A|2t3}%



J. AUVE W3 4 2 6

RF SHH|L} GPS QHH|Lt HHSFEL

\‘\ Depth
Sensor T ELE

Battery 1

I L |
DVL IMU/GPS =73 FUWE{ Battery2 H3Er DE F=T7

a8 2. AUVY WHE 2wz

AUV ek A ARl o] vixl= TI§ 29 2ok BA Aule] A
= AR Wik AlA AH7F Loz L EFHE ARE 1HEte T
7= AvF o2 wiXEii, AAFet AFF = AR Ho=2 wjA
st=s AAstd e, &4 A0 AAY TS 5 AEF FH o
e Aty WA st @A FA T4 29t

)_:[l_
7] 9JaEl Fe FFSEAANE AUVE| 715 SHA HAEE Aol
olE=Z B Aul JEANAE FA FA A 2ol AH&H Fo U
el B g e S S i A 7 A



2. AR A|xH

AUV AR vix&= 18 33 2 ez X gy A4 wxd 1
e 19 49 2ok AUV AAoE AA) SZo] f#Ee A 2EHS o] F
= Aol AxHog FAR, BH AojHE, AA AR agln F

AHgAre] IEF o] 27t B R AEA HFEZE 9laL, Tbtel IMU,
GPs, DVL 59 AlMSs £Fstal vk 22l o A-8Akeh AUV
ko] SARE RF 2o g o] BE 845°] 75 U
she AY AxgoR diE e AN A7t s A Hde uE

%

71 $1s) DC/DC AW ES

=moje ZEIHOE T DC DC
m.:|x1E|_,_ Converter

|

T T

IMU/GPS © Batteryl Battery 2

a9 3. A Al AE A=

a8 4. AA RE R



}oRAF Azd A

AUVe FH 525 Aojste A A" A F AR ASF
Elel, AUV Wi FAo 7, A Agi, 2y Aoji=z F48. 9
H A8z AFESY AUVIEY AR A2 RF B4l 28S E3ho] o]
2o M, 2zt PR AZe 19 59 ZTH11].

AUV &2 EEo+= Manual (Joystick) mode®} Autonomous (7
) mode”t ™. Manual mode®| A= RF §4lo] 71&3t &Sl ¢
B AFgA AFE 98] RF 52102 d45d HWHS FA R 4
Wol W AojRet AA ARz ALt AREA 22t o8] AUV
& +8% 4 At Autonomous moded| A= AUV FA o] Fol &)
H &8 dugFel os) A& &I BEH AojFolAE FA|o R
o W ol Z7e 84S0 TEE= Adde Hdsta, AT

t

:_?’_
S BE AUE AV FHOE RYT 5 IES



RF Module : DH HoE — Thrusters 12V, 24v
k . .

meweeraers  rudder 2 E| 5V

P - 4

k 4

e
CPU : ATxmegalZdal

dipole antenna(5dk)-16km Thrusters F| f GPIO “ 2
5V, RS-232 RS-232- Main-PC-2p 41
GPIC : &= 2-7¢ ) M

|
2
[ 5]
Ia

M ADLC : HiE| 2} FHEF H| 2
%
RS5-232 3 ;"1
oy

CPU - ARMI11 — 66TMBz
05 - Windows CE 6.0 Pro
Storage : USE or 50 (16GE)
24 RS-232 (2ch), TTL [1ch)

r
RS-232
CPU - TMS320F2B335
2EI1S HHEie] RS-232: GPS (AseRx1) =41
IMU {Mti) =21
HEE Hig DVL £
- ADC - Depth Sensor <41 — Depth Sensor 24y

a9 5. A Al=" AR



Y. RF 4 Al&" 74
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rok
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ox
riot
o
2
X
Ao

232 uj, AUVE RF &

olH &t AUV BHl HRE ES3AU AHEAS Alo] RS AUVE
A5 F Atk FFolAY volHE 1T A4, siFHor 7%
Hell RF 2HlS Fsto] ofF A8x AFHE S JRE AFT
4= Aot RF B4 Z¥lo 2= [EEE 8021249 #3l= 2.4GHz9| Zigbee
module g AF&3ATH AFEE RF moduled-13H 63 Zom, ALk

& 13 2o

1% 6. Probee ZS10

¥ 1. Probee ZS10 AR

Frequency band 2.4 GHz

Transmit power +20dBm E. I. R. P (max.)

Receiver sensitivity | -102dBm @1% BER

RF data rate 250 kbps

Working distance Up to 1.6km using 5 dBi dipole antenna
Stack profile Zighbee 2007 / Zigbee Pro

_8_
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A A Nb S )

2H =

F 2. FAAR A
CPU 32Bit RISC ARM1179JZF - 667Hz
RAM / Flash 128MB / NAND Flash : 128MB
RS232 4CH
12C 1CH
SPI 1CH
Ethernet 10 Mbps
0S Windows CE 6.0 Pro




gt AA AEHF

A FAEE HoHE 1&o=
Instrument AF] TMS320F283357} AF&-Hth A4 A gl¥E= GPS, DVL
IMU, depth sensorollAl FAHE ARE +3 L L

2 A £F BF W Axgol olFd & YES Fh A

uk BE Aol 5

RE Aojis FANRERE REA WHS 54 wol 479 A
HEE (HDS-2288)5 Ah&ste] WaFetE  Alofsta, F3& EH
(Tecnadyne model 300)E Aloj@tt. Z2]a ¥ AloF-olM= 2o
DC/DC HHEE Ao #e] st 2719 wig g I&S AZsta, F
A AME ARSI T4 GRE AIdtY FAARE HES )
2E AoJFEE AtmelAte] ATxmega seriesE AME3te] A E S
ATxmega seriest= A/D, D/A ZAWEZ} 7[EH o2 YA H Y o

_10_



2l ZEZ 7HAA Ao wEbAd e Rede] AV 2840w K
3

o] 2337} 715% FAL /tAT Yt BE AolF B

a2 9, BE Aoji

2 AUV A8d 38 EE & I8 108 TecnadyneAl model 300
= AHgsiglen, AbR 3 33 2N, 318§ EHo FHS A% MY
O2 24V7F [IZ7bHAL AlolE A 12ve) Al 15V HEE A5}
Yol At ATxmega seriesoll H&H D/A AHEE ©] &3t 0V ~
3VY analog A15& Ak, I1¥ 119 32 Zo] OP-amps A&
st MRS SFS Tkl 5V Aol AT E AL EEAA T
st back EMFE A78t7] st 19 129 3= 22 capacitor
bankE AAstow, 719 139 329} o] REE Hdd} AlojFo

% 8 (isolation)Al A ground loopE A A gt}

-

ro
o

HEFELS A ostr] Y3 REEE 9 149 HDS 2288 coreless Al
BHREE ARG AFYLS F 49 2t AHEEE PWM 23S E A+

_11_



g3l Ao, 259 duty ratioE AHEst AEE AAT 5 Q)
o ZHY Y& % ddoe=Z 5Vel o] IV, ATxmega
series®] UAE PWM 7]&5& A3t Ao NS E A Aofgh
o},

1% 10. Tecnadyne model 300

3 3. Tecnadyne model 300 A}<¥

Tecnadyne/model - 300
Trust 8.2kg Forward 3:6kg Reverse
Input power 450=500 Watts24-330vdc
Weight 1.0kg in air 0.7kg in water
Size A“11.1cm nozzle 22.6cm length
AT SR <
R 2017 Hi R 2012 100k
— OFS N OFS W2 P | | g o —H OFS N1 078 12 Ha—
L - PTF;T::HG : L:: c',:l - nj\_”& v |4 GEI = L= e
OPOTC B0IC 87 OFOTC SOIC g
RIE 2007 30k
et - A
o < — w




% %+ % F 5 # % §F # # % §F £ % % 7

13 12. Back EMFZ A A 38}7] 913} capacitor bank

A7
N sl GND (28 204_GND
¥ el Win p=ib Thrusier
Thruster_out LY ot -ven p-1A A2 _Motar
T4 _Mabar_GND 14 } 5D =vs2 1A 12 Mator
150124

13 13. Ground loopE A|A3SE7] ¢ isolation circuit

18 14, HDS 2288 coreless A H 5 E]

3 4. HDS 2288 coreless A X EE 2] A}k

Type Metalgear coreless motor
Operating voltage 4.8V ~ 74V

Neutral pulse 1.5 ms(Adjustable)

Travel angle 40~45° at £400us (Adjustable)
Dead band 1 ~ 2 us (Adjustable)
Torque(kg/cm) / Weight(g) 16.00 / 50

Dimensions (mm) 40x20x34

_13_



3. 1Y AlxH]

7} AY Axsde] T4

2 =04 ARERE AUVY AYS EH-E HiE g E 294V-17A, A
& WEY= 294V-75A° dF EH wiE g (lithium polymer
batteries) & FAET EHF9} AARAR= 247 5V, 12V, 24Ve] Ad &
L7939, 6719 DC/DC AHHE Tl 875+ A5t dE =2 Hast
o  dEEY. HAAES} HERFS 5V DC/DC  ZHEH=
VHB50W-Q24-55 =&&  Ag38l4la, 12V DC/DC AWEHE

F[F

2
o

UHE-12/2500-Q12-CE AF83F3 T 24V A Y9 A ZHEE= F

1w
o

EHE 7ls3l7] fsted dE9 £%o] £ VFK400W-Q24-S25 E

-~

Abg3t A, AAREE VHB5S0W-Q24-S24. 2El-S Abg3tgth. ZH2he]
DC/DC ZWE = 718 ON/OFF A7} 715314, H]’d (emergency)

GFe Fol7] Astel HA B 5e AdstE B Aok
%

_14_



QE|8 battery (25.9V, 17A, Li-Po)

- Thruster :
24V-DC/DC (400Wh)
12V-DC/DC (30Wh)

- Rudder :
5V-DC/DC (50Wh)

H

%8 battery (22.2V, 5A, Li-Po) |
- 24V-DC/DC (SOWH) |

—>{ ety |——>{Ba—
ez

onso

IMU

- 12V-DC/DC (30Wh) |

Depth - 5V-DC/DC (S0Wh) |

T G5 A Wit Bl 1A

#15. VHB50W=Q24=S§5 A}t

nominal 24V
Input voltage

range 9.0~36.0 V

voltage X
Output voltage

courent 10 A
Efficiency 81 %

input/output 1500 V
Isolation input/case 1500 V
specifications output/case 1500 V

resistance 100 MQ

_15_



3 6. UHE-12/2500-Q12-C A%

nominal 24 V
Input voltage

range 9.0~36.0 V

voltage 24 V
Output voltage

courent 2.5 A
Efficiency 87.5 %
Isolation input/output 1500 V

input/case 1500 V
specifications resistance 100 MQ

¥ 7. VFK400W-Q24-S24 A}oF

nominal 24 V
Input voltage

range 10.0~36.0 V

voltage .Y,
Output voltage

courent 16.7 A
Efficiency 86 %
Isolation input/output 1500 V

input/case 1500 V
specifications output/case 1500 V

I 8. VHB50W-Q24=S24 A}k

nominal 24 V
Input voltage

range 9.0~36.0 V

voltage 24 V
Output voltage

courent 2.08 A
Efficiency 83 %

input/output 1500 V
Isolation input/case 1500 V
specifications output/case 1500 V

resistance 100 MQ

_16_
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UoHiE - R gy g A=

UA Ak BRet o]l AUVE| e Y £H7F 7S ZHE )
HeEl2 294V-17A, A%8& WEl2]2 29.4V-75A°] lithium polymer
batteries® T4 ¥t XE | HlE]2]= battery packl, &8 HiE =
battery pack 22 Wttt 2 =4 AFEE AUV battery pack 19]
ArFE 3E 99 oM, battery pack 29 AF¥S E 103 ZTh wlE €
o] X&F Ade EE AoJFe ATxmega series] WHE A/D AHE
7I'%s< AHEste] Al A8, ATxmega’t 0V~ 33V7EA o] W& A3

T oemz, a7 199 =9 #Zo] AE AFES AREE] AL EHiE

ot

std ATxmega’l ZAE &+ A+ WA= WHIAd & WFS A Ao
el g o] ZaFe # 113 o] 5 REoE JEFS U] IFS U

Wt

o
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J15 J14
BR1000C BR1000C
2 2
1 1 1 T
R18 R17
174 40K 104 40K
Batteni1 Battery?
R19 R21
028 174 4k 024 114 4k
2012 0.1uF _I_ 2012 0.4 UF T
a9 19, WM"Y A= A3 32
¥ 9. Battery pack 1 A}
Typical capacity 16.0 Ah
Nominal voltage 3.V =
| Max. current 16.0 A
Charge condition
Voltage 4.2V+0.03V
Continuous current 16.0 A
Discharge condition Peak current 80.0 A
Cut-off voltage 2.7V
Cycle life > 800 Cycles
] Charge 0~ 40 C
Operating temp. - o
Discharge -20 ~ 60 C
Thickness (mm) 75 + 0.3
Dimension Width (mm) 106.0 = 2.0
Length (mm) 205.0 £ 2.0
Weight(g) 330.0 = 10.0

_19_




3% 10. Battery pack 2 AF%F

Typical capacity 7.5 Ah
Nominal voltage 3.7V
. Max. current 7.5 A
Charge condition
Voltage 4.2Vx0.03V
Continuous current 150 A
Discharge condition Peak current 37.5 A
Cut-off voltage 2.7V
Cycle life > 800 Cycles
] Charge 0~ 40 C
Operating temp. Discharge 20 ~ 60 C
Thickness (mm) 7.5 + 0.3
Dimension Width (mm) 106.0 = 2.0
Length (mm) 100.0 = 2.0
Weight(g) 155.0 £ 5.0

=

11. Battery #& A= @2

0% < 23.1V

20% 250V N \
40% 23.1V _~ 24.5V
60% 24.5V _~ 26.6V
30% 26.6V | ~ 28.0V
100% 28.0V. .= 29.4V

_20_
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FooAnE HAY & AvhrE AA WA A=k 19 209 829
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a1
NPN 28C1815
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5. & 53 AlEES A% =239

w AUVE| & 4 APE A% Z2afe= O9 219 22 =
2O AZsted 77k 7)eel Wk g

Stk TR U)o 47he W ®H, wWiHg 4, DC/DC
AME, 8719 T A, F7] g2l tig A HXE Jles &

F Q= AR

B3 a0V contral System 2w -
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Thruster Control Signal (-5V ~ 5V)

Water Lake Detector Power Control

l Battery Pack 2 IIIII
Leak B Leak #5

Bl zez2sv Il uasgsy
= Leak * Leak #5
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(m— zZ. Jw+ mygj?— (ma:g — Zq)c} = Zyyg (3)
+ Zy o wlwl+2,,4lql
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m= +4.3E£+01

p= +1.03E+03
A;= +4.14E—02
A = +341E—01
S,= +7.09£—-01
= +3.15E£—-02

= +4.3F+02

= +4.3E+02
B, = +3.17F+02
Top(esy) = T5.54E—03
C,= +4.00E—01
C,,= +8.80E—01
Cpap = T 1.20E4-00
Y., = +0.00E+00
z, = +0.00E+00
z,, = +0.00 6400
Yoy = +0.00E+00
2, = +2.00E=02
I, = +1.77E=01
I, = +3.455400
I, = +345E+00
X, = —3.90E+00
X, = —9.30£-01
X,,= —3.55E+01
X, = —1.93E+00
X, = +3.55E401
X, = —1.93E+00
X, = +9.256400
Y, = —1.31E+03
Y, = +6.32E—01
Y, = —2.86E+01
Y, = —3.55E+01
Y. = +1.93E£+00

% Mass of AUV

%Seawater Density

% Hull Frontal Area

% Hull Projected Area(XZ— plane)
% Hull Wetted Surface Area

% Estimated Hull Volume

% Measured Vehicle Weight

% Measured Vehicle Weight (horizontal )
% Estimated Hull Buoyancy

% Estimated Long. Center of Buoyancy
% Axial Drag Coeff.

% Qylinder Cross Flow Drag Coeff.
% Hoerner Body Lift Coeff.

% Center Buoyancy+ X — dir

% Center Buoyancy : Y~ dir

% Center Buoyancy : Z— dir

% Center Gravity : X—dir

% Center Gravity : Y— dir

% Center Gravity : Z— dir

% Moment Incrtia

% Moment Inertia

% Moment Inertia
% Cross Flow Drag

% Added Mass

% Added Mass Cross Term
% Added Mass Cross Term
% Added Mass Cross Term
% Added Mass Cross Term
%Propeller Thrust

% Cross Flow Drag

% Body Lift Force and FinLift
% Added Mass
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Y, = +5.22E+00
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uud,

+3.55£+01
+1.93£+00
+9.64£+ 00
—1.31E+02
—6.32£—01
—2.86E£+01
—3.55E£+01
—1.93£+00
—5.22F+00
—3.55£+01

+1.93£+00
—9.64£+00

—1.30£—-01
—T7.04E£—02
—5.43£—01
+3.18E£+00
—1.88£+02
+2.40E£+01
—1.93£+00

—4.88 £+ 00

= —2.00£+00

—1.93F+00

+4.86£+00
—6.15£+00

—3.18E£+00

—9.40E£+01
—2.40£+01

+1.93£+00
—4.88F£+00
—2.00£+00
—1.93£+00

—4.86£+ 00
—6.15£+00

(kg/rad) % Added Mass Cross Term and Fin Lift
(kg/rad] % Added Mass Cross Term

[kg'm/ rad] % Added Mass Oross Term

(kg/ (m-rad)] % Fin Lift Force

(kg/m] % Cross Flow Drag
[kg-m/rad®] % Cross FlowDrag

(kg/m)] % Body Lift Force and Fin Lift
[kg] % Added Mass

(kg'm/rad] % Added Mass
(kg/rad] %Added Mass Cross Term and Fin Lift
(kg/rad] %Added Mass Cross Term

(kg/rad) % Added Mass Cross Term
(kg/ (m-rad)] % Fin Lift Force

(kg m?/rad*} % Rolling Resistance
(kg'm?/rad] % Added Mass

[N-m] %Propeller Torque

[kg] % Cross Flow Drag

(kg m?/rad?] % Cross Flow Drag

[kg] % Bodyand Fin Li ft and Mnk Moment
(kg-m)] % Added Mass

[kg'm?/rad] % Added Mass
(kg m/frad) % Added Mass Cross Term and Fin Lift
[kg'm/ rad)  %Added Mass Oross Term

(kg=m?*/rad®] % Added Mass
(kg/rad] % Fin Li ft Momenit

kg %Cross Flow Drag

kgm?/rad*] % Cross Flow Drag

kg] % Body Fin Li ft and MnkMoment
kg m)] % Added Mass

kg'm/md] % Added Mass Cross Termand Fin Lift
kgm/rad) % Added Mass Cross Term

kg m?/rad®] % Added Mass Cross Term

[
[
[
[
\kg'm?/rad) % Added Mass
[
[
[
(kg/rad % Fin Li ft Moment
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q

—5.77TE+00

—6.87£+00
—6.66£+01

—9.67E£+00

M, = +3.07E+01

—5.06£+01
—3.46L£+01
—5.06£+01

[kg-m?/s*] % Hydrostatic
[kg'mQ/s] Y%ocombined Term
(kg/s] Y%combined Term
(kgm/s] Y%combined Term
kg'm/s]  Y%combined Term
[kg-m?/s*| % Fin Lift
(kg-m?/s*| % Fin Lift
[kg-m?/s*| % Fin Lift
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