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SUMMARY

This paper describes the design and performance of a hovering AUV test-bed ‘NOAH’

constructed and analyses the dynamic performance of the underwater vehicle using simulation

program MATLAB / SIMULINK and carry out depth control test at small basin. The main

purpose of ‘NOAH’ is to carry out fundamental tests on its station keeping, attitude control, and

position control. It can be a tool to evaluate the performance of a new control algorithm,

operating software and the characteristics of sensors for the AUV. Its configuration is similar to

the general ROV appearance for underwater explorations and its dimensions are 0.75m X 0.5m

X 0.5m. It has 4 thrusters, two longitudinal thrusters that had 350watts and one lateral / vertical

thruster that has 300watts propulsion. The vehicle is equipped with a pressure sensor for

measuring water depth and a magnetic compass for measuring heading angle. The navigation of

the vehicle is controlled by an small on-board Pentium IlI-class computer, which runs with the

help of the Windows XP operating system. These give us an ideal environment for developing

various algorithms needed for developing and advancing hovering AUV.
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2. NOAHS| 7I

Table 1 Specification of ‘NOAH’
Parameters Specifications
Hull Frame Type
Dimension 0.75m % 0.5m % 0.5m
Weight 70kgf (in air)
Max. Operating Depth 20m
Max. Speed 1.8m/s
350watt x 2 (longitudinal)
Thrusters !
300watt x 2 (lateral / vertical)
Control 4 DOF (Surge, Sway, Heave, Yaw)
Computer On-board PC (Pentium ITIT 700MHz)

Navigation Sensors

Pressure sensor, Magnetic compass

Power Supply

12V-12AH Lead Acid Battery x SEA
18.5V-3.2AH Lithium-Polymer Battery x 1EA

Communications

RS-232, Ethernet (TCP/IP)
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Table 2  Specification of thruster

Thruster Specification

Model Model 280 Model 300
Forward 5.4kg Forward 8.2kg
Output
Thrust
¥ Reverse 5.4kg Reverse 3.6kg
24 VDC

Power Ground

Input +12V Instrument Power

-12V Instrument Ground

+5V Command

1.0kg in air 1.0kg in air

Weight
0.8kg in water 0.7kg in water

Depth Rating 850m
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Fig. 7 Tecnadyne thruster model 300

Fig. 8 Tecnadyne thruster model 280



2. NOAHS & 14

2.2.5 Z{4lE{ (Connector)

F71719} Master PCS] TCP/IP AV E]E QA3 7] X s 5ol Aol 7t
3 AGEE o] gatofor A WUl HlE REA fez AvHow A4L
3 FHA Utdselt HEAsl JFL HAHAMNE dHH, 4A A=

Atk =3 AERE A7AGo] sopd] AHFFo] ATk sl Azl 734
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9
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o
v
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AL
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=l A9HE Axdse A BA g
Impulse®} Seacon©] THEZ| Q1 FJAtojH, thF-E2] F-AFA ol AHEH L AT
B AFoA AzE NOAHO M & 32719 AYE 9t 22 Impulserte] AYEHE A
£3tA9t. 33719 dAAdEE AYEE ImpulseAle] LSG-6-BCL =do]w the-¢]
Fig. 99 2Tt AYEE F77]9 AZA37] 984 6 Pin AIES o] £3192™, LAN
AolE AYE E3F 6 Pin AFS AHESIATH AGEE dASE WS WEET]
7Fg Aol Wskg7lel UAks Yol BEEE =9 719%°] AYHE dAsIA
A3 AlolE O-ring F-8ol| I8l E vlE23 HEE HolZ2 UAIRES ZHol5o

Wrads =AqTh

+ 93T HEX

9/16-18 UNF-2A

GLASS
REINFORCED EPOXY

Fig. 9 Schematic drawing of connector
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Wekg7lol F2d 7Adeet A9 FX17] A9E Y A A4S o= Fig 103

3
oo

Fig. 10 Pin description of thruster

1. 24VDC MOTOR POWER GROUND

2. +24 VDC MOTOR POWER

3. ISOLATED INSTRUMENT POWER GND
4. +12 VDC INSTRUMENT POWER

5. 5 VANALOG CONTROL SIGNAL

6. 0-5VANALOG SPEED OUTPUT

2.2.6 Master PC (On-board PC)

B AT A AZE Hovering AUVE] &83 Ao]& 9|84 On-board PCE AM&
sttt @A E8HIL A= B2 AUVOlA &9 ¢] Onboard PCE ol AR&shaL
AT WA E AFGAE 7FEXAZZ} 10cm X 10cm A X2 A3 2] On-board PC
E AF831 T HFEE Fig 11914 RE AAY &2golH, o]# e &3 2] On-board
PCE PC-1048}3. =23 1047§2] Bus pin®. 2 A3 4= = Single-board Computer

ot}
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CPU(Central Processing Unit)= KontronA}F2] MOPSlcd7 E2 o], ALY Pentium
[M-700Mhz, 512MB RAM< 7FA 3L it} 7)o Bus ping ©]&3fA PC F317]9]
RE=golHo] HYE FF37] 9% DC/DC AWE(Fig. 12)2F dHAA A Eof
o= AEe FA7 AEE BHUF7] Y3 AD/DARE(Fig. 13), SFZTZ13
(Operating system)¥} A|oJZZ T3-S 23 40GB St=t) 23 E AZA3| Master PCAI 2
Hs 9439 HFig. 14). DC/DC AW E = JupiterAboll A A2+ Jupiter-MM 22 S
AHESEE T AHEE DC/DC ZAWEl= 7-30VDCE =& whola £5vel +12V,
Output 1&LEE E4 05 YRWT A7A Y= +5V7F PCO HIJIEES &8
= AREHI +12VveE F3719 REEZoIH S HAAE TFEATIEEH AR

t}. AD/DA R =+ Diamond A2l DIAMOND-MM-16AT 228 AM83ta lom, o]

TE

Rl

WEd ¢ QAo old®T 28 Aoes £5ve A5 E i  jleH

o] NEE FA7) BAE AAY + Utk

Fig. 11 CPU (MOPSIcd7 PentiumIll 700MHz
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(L) TWYS LWAMUNL ST ILMD LUKM.  JMMD1ZL~D14r

Fig. 12 Power supply & DC/DC converter

EEE; = B8

Fig. 13 AD/DA board (Diammond-NN-16AT)
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Fig. 14 'Whole system of master PC

2.2.7 LUHMA (Pressure sensor)
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Table 3 Specification of pressure sensor

Magnetic Compass Specification

Measuring Range 0-2bar
Output DC 4-20mA
Supply Voltage 10-36DCV

Accuracy +0.2%

Fig. 15 Pressure sensor (ECO-1)
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PC104
18.5VDC 5VDC MAIN
BOARD
BATTERY 18.5 GND 5GND
DC/DC
CONVERTER iy AD Board
12GND
ECO1+
R1 ECO1- Pressure
250 Sensor
Fig. 16 Circuit for pressure sensor
1/4 NPT UB+/Sig+
per ,Nominal size for US -
slandard lapered pipe thread -@
NPT* = ram
Order code: NB Power Supply
Load
%) 0V/Sig-
+

Fig. 17 Dimension & circuit drawing

2.2.8 X}2 ZHMHA (Magnetic compass)

Hovering AUVE & & 7|58 fAAAAE Sl 7 g B34 s
(Heading angle)2} HAME S7A5H7] 9138l A4] Magnetic compasse AF-&3tR T vl 14| g
HAH 2= Fig 183 22 PNIAY] TCM2-50 EdS A3} o1, o] I3 2= Table
19} 2 BAL AT om, 352 AT YolH AAz] BANE W BAZL

< BEAY FFde AL Ao 4= FA Alde 1.0° o %=} 0.1° ¢
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Table 4 Specification of magnetic compass

49l X (Pitch)Zt} E(Roll)Z

=X A B

Specification of Magnetic Compass

Dimensions (L X W X H) 6.4X5.1X3.175 cm
Weight 455 ¢
Supply Voltage 5VDC
Accuracy 1.0° RMS
Heading
Resolution 0.1°
Pitch Accuracy 1.0° RMS
Roll Accuracy 1.0° RMS
Range +50°
Tilt
Resolution 0.3°
Connector for RS-232 Interface 10-Pin
Operating Temperature -20° to +70° C




2. NOAHS &

22

Fig. 18 Magnetic compass (TCM2-50)

PITCH (+)

-
==
b

Y(+)

0.10

ROLL (+)

D

Fig. 19 Schematic drawing of magnetic compass
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1.05 Max
0.95 Max.

Fig. 20 Measuring range

2.2.9 HHE{2| (Batteries)

B AToA AT NOAHO| AEE HELE % 74 FRolth sl *
AYe FFSHE Fig 219 2L 12V 12AHS] F 34 4719} Master PC A4,

nlad g HAo 2 F37]e mEE=geolHdd HAYes FgFshr] A% Fig 229 2
18.5V 3.2AHS| &g H HiH 7} AMRE AT S EEEH dlEHE 7t & vl
FAZE Aol FAzFAHe] FAE Eoled & 9T AT 7140] vAt=

ol A F FH8A= Aol nla] FAVE Gz gol Wie @3l Ao,

Fig. 21 Lead-acid battery
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Fig. 22 Lithium polymer battery

2.2.10 MO{A|AR] M

oE
oA AFE FEAA, AolgA 2 A=
o,

AXAAE &A HH, AojA2~E o FAHEE Fig 237 Zroh

Lateral
Longitudinal Mrizier Vertical
Thruster Thruster
= =] |
Motor
Driver
Pressure
Sensor I
TCP/IP On-board i
I/O Magnetic I
D e
PC Board Compass
LBL
Master PC System

DC/DC
Converter

Battery

Fig. 23 Block diagram of control system
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A Body Fixed
Coordinates

Earth Fixed
Coordinates
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Surge: m[t&—vr+wq—xG(q2+r2)+yG(pq—l&+zG(pr+q§] =
Sway: m[\&kur—wp+xG(pq+i&)+yG(p2—r2)+zG(qr+§)]

X
4
Heave: m[We—ug+vp+x,(pg-R+y (qr—-RN-z.(p +q)] =2
Roll: I g (I ~1)qr+I (pr—-—-1_(q" -r")-1_(pg+s
+m[y, (W—uq +vp) -z, (& ur —wp)] =K
Pitch: [ e (I ~1)pr—1 (qr+R+1_(pqg—-&+1_(p° —r’)
— m[x_ (8 uq +vp) - z, (e vr + wp)] =M
Yaw: IR+ ([ —1)pg—1 (p"—q") =1 (pr+H-1_(qr -
+m[x, (& ur —wp) -y, (= vr + wq)] =N

(1)

H AEY 5 FE2 AFA L5t ¥ dy 2 ZUE wEY 7 gk
ARES ey, fA83 2WE ndo|= Gertler 9 Abkowitzs & <#z =d
[3]°] o™, AUVSH 22 A& S3kAld A83t7]o A 3§t Cross Flows 13

) 1
X =L DL~V ~B)sin0— pA.Coat* + X, @

Y =§L“[Yﬁ;§& Yd&+§L3[YK;8& Y up +Y.ur]

3)
1

+§L2[Yvuv] + (W —B)cosOsin¢ 5 pAyCdyv2 +Y

prop

72 =L 17 &+ L P17 98 Z,uq)+ £ P1Z,uw]
2 2 1 2 )

1
+(W -B) cosOcosqﬁ—E pA.C W +Z

prop
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K =§L5 [K et Kd&+§1:4[1<@&+ K, up+ K, ur]
®)
+§L3[Kvuv]—(zGW—zGB)cosesingb+Kpmp
_P s P g4 P 3
M =L DPIM R+ DM g8 M ug]+E LM, uw]
2 2 1 2 (6)
—(zgW —zzB)sin0+ M,
N :gLS[N&KE& Nd&+§L4[N,g;8& N up+N,ur]
5 (7
to LCINw]+N,,,
=3, Fg e AAlet Ao i 4 v 2o
qﬁép+qsin¢tan0+rcos¢tan0
Qgéqcosqﬁ—rsinq} ®)

y&= (gsing +rcos¢)/cosd

=y cosy cos 0 +v(cosy sin @ sin @ —siny cos @) + w(cosy sin @sin @ +siny sin @)
Bey siny cos 6 + v(siny sin @ sin ¢ + cosy cos @) + w(siny sin & cosp —cosy singd) (9)

z&:—usin0+vcos05in¢+wcos@sinqb

AME 6A-FE2 WA S o] &3t NOAHS 545 < X3ty Hst
ol ZE2OWE NS Simulinke ¥

AE Ao AlEFolHd HYsEE 1Y ES AT QoH, Matlab
H3 S %ol st Utk wEkA o &S

& AojAxEe M A F

o] &3t Aloj7] s #I% AlEH ol &0 &olsA 752 F AUk Fig 25

.

= /" Simulink 2 BT glom, 7F 2552 UlFel o Jjef Red
202 FAEAY. Fig. 25914 Dynamics =2 Z33}W Fig 263 & RZEE
Ho2 FAHANL 6AHFE wEe dMAsts E OE EEXEFoE FAHIN
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A o] g gl Azre] Hed Aol Stk

File

Edit View Simulation Format Tools Help

Hovering AUY MODEL

Feady 1100% I | loded 2

Fig. 25 NOAH simulation program using Simulink

51 noah_model/dynamics =

File Edit Miew Simulaton Format  Tools  Help

D eS| LR | = [Nomal S BB T ®

Ready 1002 [ |oded 4

Fig. 26 NOAH dynamics blocks
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Fig. 28 Input voltages to thrusters
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Fig. 30 Angular velocity in spiral simulation
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Fig. 31 Displacement of X, Y, Z axis in spiral simulation
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X-Y trajectory
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Fig. 32 Displacement of X-Y trajectory in spiral simulation
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File  Edit Miew Simulation Format Tools  Help
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Fig. 33 Controller design for depth / heading control using Simulink
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Fig. 34 Simulation result of depth control in 3D trajectory
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Depth control X-Z trajectory
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Fig. 36 Depth control simulation result X-Z trajectory
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Fig. 37 X, Y, Z displacement in depth control simulation
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Fig. 39 Angular velocity in depth control simulation
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Fig. 40 Simulation result of heading control in 3D trajectory
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