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A Study on Control for Hybrid Underwater Glider

Ji, Dae Hyeung

Department of Mechanical Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In this paper, the control of the Hybrid underwater glider (HUG), which has the
advantage of high precision route search function and long-term mission capability
was studied. The whole control hardware system of the HUG were constructed
including a control algorithm. The whole control hardware system is composed of a
the control system, the autonomous control system, and the actuator control system.
The control system was designed for the smooth and precise path tracking of the
HUG. The autonomous control system was developed for autonomous control of the
HUG using the Linux operating system which is based on single board computer
Edison. In addition, the actuator control system was designed to control the propeller,
thrusters, buoyancy engine, and the rudder using the STMB32F407V microcontroller.
Also, PID control algorithm was designed for the actuator control system, and the
extended Kalman filter was designed for the navigation system. In order to verify the
performance of the developed control system, the navigation system, and the
developed algorithm, a number of various experiments were performed and good

performance of the developed system was shown through results.

KEY WORDS: Hybrid underwater glider 3lo]|H 2| 3% =g}o|t; Extend Kalman

Filter &7 Z4F BE]; DVL &3 £ 57); Navigation system ¥ A|2H,
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Table 1 Specification of Underwater Glider

Model

Specification

Slocum Glider
[Teledyne Webb Research(™] =)

Thermal engine/electric glider & Wz
Thermal glider: #thZ ©] 2,000m,
5% ZF 40,000km
Electric glider: 15~30¢¥, 600~ 1,500km
v slEe] AkAg A =2

An A S MY

Spray Glider / Bluefin Robotics(®7]=)

'oﬁ—h'
B ft ol

2m(L), wing span 1.2m, 52kg
7 hel B Abolol A FHE HHS
2 "l =g o7 AldHe] HAHI

-

o]
o =
= T4
5
H

3 REANM A5 B 85 by

Sea Glider / iRobot(®] =)

A, A71AF ZERLY =gy
AUV
- 0.5knot= 67§ L27FA sk RUEH
1.8m(L) < 0.3m(d), 52kg
+8T4: ~1,000m
ONR PLUSNet project= 7|

Liberade XRAY
/Scripps Inst. of Oceanography(™]=)

AANA 7V & % E‘rolﬁ

PLUSNete] o] & ‘—EA 3 7

A= o 1Yol ¢ sk J}m_ﬂ—:ﬂ. 5 oF
414 BlE EFe A =AY,

&% 1 ~ 3knot

2 W74 1,200 ~ 1,500km

=871k 67H%

& Foj Zdoly | Kiost(3H=)

= T v

kl

U Hz $F 2oy
2.5knot FIP&EE
2m(L) x 0.2m(d), 58kg
854 ~200m
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Table 2 Specification of Hybrid Underwater Glider

Specification
Slocum G2
[Teledyne Webb Research(™]=y)

1.5m(L) X 0.22m(d), 54kg
+=&44: 30 ~ 1000m
A7\ 600 ~ 1500km
+8713F 25 ~ 365¢¥

Haiyan / Tianjin University(Z =)

1.8m(L) x 0.3m(d), 70kg
© @2 1500m
2473 1000km
£87)7k 309
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Fig. 4= A9 HUGY ©1¥=elth HUGE 4 200m7 S HEE XA+ 974 220mme]
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Fig. 4 Appearance of HUG



Table 3 Dimensions of HUG

Index Value Units
Length 1.97 m
Diameter 0.22 m
Width 1.04 m
Height 0.58 m
Weight 50.50 kgf
Buoyancy 50.60 kgt

2.2 7|8 F+x

Fig. 5& HUGS Wi FZ& UellE GUHEZ AFE, A5 2 AnRz 7459 9
on, AR A o] FHANA AAAe)7], FAF Adr] WEFols AEAARE H
& ZHPayload)E 7FA <3

FENE AT FAGe FFHES =ol7] Hdtd ddkol] EHAFHS ==F(Nose
= AR =229 71 GEWet area)oll= 37t

FYEE T2 T e FgelE BAS A% HL, svels A5FLtE

N

Antenna

Thruster

Cowling

Mose Cone Rudder

Front Housing Section

Fig. 5 Cross section of HUG
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Fig. 7 Buoyancy engine



AAE FEAe Fig 701w, A Y- Table 49 2t}

Table 4 Specification of Buoyancy engine

Index Value
Discharge Pressure 20.00kgf/cm?
Control Volume 0.95kgf (p = 1000kg/m?)
Discharging Time 10sec
Driven Motor 200W 36V DC Type

Table 5+= HHAR 9 I AEQ]

Al o)t

_?4

1E =
= ™

2ol =y AFE® 200Watt 36V DC Type:E 2]

Table 5 Specification of Motor(200Watt 36V DC Type)

Index Specification
Motor Maxon RE-50 270355
Gear Maxon GP52C 65:1 223091
Encoder Maxon HEDS 5540 110517
Nominal supply voltage 36V
No load speed 5680rpm
No load current 147mA
Nominal speed 5420rpm
Nominal torque 418mNm
Nominal current 7.07A
Stall torque 8920mNm
Starting current 148A
Max. efficiency 94%
Weight 1100g
Dimension 50(2)mm x 108mm
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2.2.2 AA| A1 7]

T STHolts W AFE olsAAA AAE AT F Atk FHARte = A
o PitchE WA A 4T 4 AN HZH | 84 42 A sl AA A 3E
AsiM = F7H4Q AFEE AAd 75717 2astA Ao S2kelti= Fig. 83 2] g
Yol 2 Az"E Fato] AAl Wi FA AZFES ol 5AIA PitchE Alojste] F3 Aol

SAANE RS Fr

AA| A 01 719 mAYFL A olFol o7 PitchE Alojste Aoz AA Wi d7FS
olFd W FH T A AAT TH FAH] olFW el wt WA Hol AA A
Aol HE ezt MEtsiA "ok FA F7F A oz olFstd AdAle dFor Ve,
v Zo g2 o)Fstd AAZE A= JleA o

l‘l

oll

Fig. 9 Attitude controller
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A2rE AA A o] 7] = Fig. 9ol, Al¥-2 Table 63 2t

Table 6 Specification of Attitude controller

Index Value
Movable Mass 4.75kgf

Stroke 0.2m
Moving Speed 0.006m/s
Driven Motor 11W 36V DC Type

Table 7 AA|A0]7]o] FA Ao A& & ol=d AH&H 11Watt 36V DC TypeXx
Bl o] A o]t

Table 7 Specification of Motor(11Watt 36V DC Type)

Index Specification
Motor Maxon RE-max24 222055
Gear Maxon GP22C 19:1 143976
Encoder Maxon MR 201940
Nominal supply voltage 36V
No load speed 9090rpm
No load current 12.9mA
Nominal speed 7380rpm
Nominal torque 11.6mNm
Nominal current 0.324A
Stall torque 62.9mNm
Starting current 1.68A
Max. efficiency 83%
Weight 71g
Dimension 24()mm x 31.9mm
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223 277 2 #Hg

AAe] Al APl FA719 izt AAHA. Fig. 109 o] 7= A9
An] Fael SIAHe] HAZ o Ul & i AA S 2 an, HHE Ae

2o sl vtgS nigtRE WFo R X FHo] gt

A A viel o] HUGY B3 X H2s A 83str] sl AAZHQA F3o] 7Hs3t
=5 F7E AFsd. F7= Figo 113 zc},o_uq A A 2 300Watt1—} 3712 A
239t AXE FR7 e Z298 gYgo Fz2 walS ALy 71—5— Table 8=
2ol dHAgte 24Vel TE =glo] Bl WAE o al—t— TFzolth. PWM A15E AlojHe
o7 AR W FHS I F719 §FS AW 300wattol W FH-& of 4.2kgf
o] & zteth

Fig. 11 Thruster

_13_



Table 8 Specification of Thruster

Index Specification
24V 300W
Input Power ground
PWM signal
Output Forward 4.2kgf
Weight 1.2kg (In air)
Dimension 54()mm X 215mm
Depth Rating 200m
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Al 37 AAAZE LA

3.1 AoJAI =" +4

B =R HUGS 2oelqd #7185 Agste] 42 2 £=8 Aofsty Asts

g
BAE FAT F AET ANLYE FAHAS. FYT HUG AiA2Te eslo
THEE Fig. 129 2tk AN 2 A AfAIRE, AHAIRE, AAREe] 3
N2 F4sAT AgAAREE 245 WA Se) AE o] 29t ﬂgﬂ“ﬂ"*% A 7 &
Gsta, AMAREE 2 FERe A B On/Off AolE S, AAREE HE
29k DCDC W87] 5& o]g3to] AojReo] HUa Agte] WL FTFAES 7453
o 99t 2ol HES Ui Ae 7 REJ AN YFNE Fstel wdo] BTG &
B oR ARE Foln, FF EA A A UWA 2 FEh 8olES thr Aol
Antenna
JE—
[ RF | GPS ‘
Antenna | Antenna
| Ant . - ”
Autonomous Power Board
/ i Control Boatd Ay e

RF Module | | GPS Module

[ | | 24V Li-ion
‘ = I\f— ' Battery
Bepth Edison AHRS | 36 V (24V)
‘ _ : V —[ Altimeter 15V DC — DC
: : = Li-ion
\ &= 12V 36 =215 Batter
36 15 y
Attitude 36 -5 (36V)
Control Board \ 5V =
"l\é'o_tor Thrust
Drive :
Motor .~ ARM | Photo —_—  Power
' Drive M4 _ Interrupt — RS232/485/422
I ~ Servo | —— GPIO and ADC
Water leak
sensor | Motor —— Antenna

Fig. 12 Block diagram of HUG
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3.2 A& Ao A £H

AHRS
DVL
Autonomous
Input Voltage Depth sensor
12v

Control Board Altimeter

GPS

Power

Attitude Control Board Communication

Fig. 13 Block diagram of Autonomous board

Fig. 132 A-&A oA | 28] AL8H AeAoRES] 752 A Yehd FA =0t
AR A 28l B4 o]-§3ke] AHRS, DVL, 41 =47, Z417], GPS2HE Zt7Zte]| A

=

BE ol THE P ¥ 7Y FuYEL ol §H] AAANRER P RYFE 4

S FYP3t} AgAo] R0 ARRE AH| = IntelAbe] Edison BT o]m, Table 9= ¥}
A o]t}

Table 9 Specification of Intel Edison

Index Specification

CPU : Dual Core
(Atom 500MHz + Qwak 100MHz)
RAM : 1GB LPDDR3(2 X 32bit)
COM : Wifi 2.4/5GHz 802.11a/b/g/n
Bluetooth 4.0
Memory : 4GB eMMC
/O : SD, UART, SPI, GPIO, USB2.0 OTG
OS : Yocto Linux V1.6
Dimension : 35.5 X 25 X 3.9mm

EdisonE =+ Intelo| 4] §H= &8 st=9]oQl SBC(Single board computer)o] . EdisonX =
£ nolz g2 AEZZHMCU7F obd OS 7Iwto g 525 H Linux OSE F59t} shAa n}
olZz AEED S} o] T4 B /0 JEHo]2E 7AW, CPUY A £=7F =3

A EAQ] Wifie} Bluetooth7}F F7F AH17F §lo] 7Fss AHS 7141 ot
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3.3 HFoo|E A oA 2H]

Autonomous Control Board

RS232

RS232 )
Motor Drive 1 (36V)

Attitu de — Motor Drive 2 (36V)

Input Voltage —
PWM

v Control Board

Rudder (Servo motor)

PWM

Thrust
/0 /0 /O /o
—— Power
— Input
Water-leak Water-leak Photo Photo = Output
Sensor1  Sensor 2 Interrupt 1 Interrupt 2 —— Communication

Fig. 14 Block diagram of Attitude control board

Fig. 14= Y FololE] AojA2Hlo] ALEH AAA B ES} 7S FFeA vEtd 74
Tolt}h. gFoolg AoJA2HE AA|Alo)7], RHAM, 2Y, F7] F 4749 71T 2 &
H|E Aojdt} o] & Aojstr] 9siA = RS232, PWM, I/O Interrupt 7|52 2zt vlo|32
AEEHMCU)E AH&siith. AAE mlojaz HEEH= wgdn Aol $3
STMicroelectronicsAF2] Cortex-M A 2] &<l STM32F407VE 7|HWke 2 A 2tH Cored07V 2 &
o™ o]¢] 9§ Fig. 159 2l

Cortex-M Algl=ze) djs] tes] Astd, Cortex-M Algl&2& FH X0 digh <AEH
oj~F BT FUd Fol AR TE JAEo] gholilzste] AFS e Ubes, i
7 B AxEo|e B FES IHT F A Hol v wEA AR = B
o2 F| A4 REEoIZ TR Cortex-M Algl2 & Ab&sitgts, A4 dshe= 71%%
M & 5 Avkes AHe 7HAD Anh B3 S dAdA Y AdE AR, AT, AT
AATE 2 AZE Y S84, AVAS FREE VA7) wfiEel 32bit MCUC|HA &= 1§
el A7k MCURRE ®2 7ls<S 71 17 14 s &8 oA 84 e 280l

[e)
7} 3tk Table 102 A& =& Cored07V A o]t}
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Table 10 Specification of Core407V

Index Specification
CPU core 32bit Cortex-M4+FPU
Voltage 1.8~3.6V
Operation frequency 168MHz, 210 DMIPS/1.25 DMIPS/MHz
Package LQFP100
Memory 512kB Flash, 192+4kB SRAM
SPI, USART, UART, 12S, 12C
Communication interface FSMC, SDIO, CAN
USB, Ethernet MAC, Camera interface
110m (Max)
GPIO
0.3m (Min)
PWM +20knots
ADC 3 X 12-bit
DAC 2 X 12-bit
DMA 16stream
Debug mode Serial wire ?I?Peli%a(cse\;m) & JTAG
Dimension 5omm X 65mm X 23mm

Fig. 15 Core407V (STM32F407V)
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AAAAREE AR vo]a2 AEEHE AHESt AAHATLE-Z) AA A RE=
ZLA| A 01 7] o FHQ ] RE|Egto], A-gARES} FAE &, AAA 7] Fd FY
Ao gwE MM ZEMAM, +4 AAME /O & InterruptZ AlojEw, F3z1710 BLDC
BE9 Y AoE Y3 AREEE PWMOE Aojdt) o|s e 75o] nF Agd
T UAEE JRE AAsHoH, FHH R & AXE FFE F4A 9 AoE &+
UEF ALY 7led Ad 5& © FAst HASAT Table 116 2A1€ 329 A
S #7153 AAE I2E ZIHES R 130mm X 70mm =79 AAM AR = PCBE

Table 11 Specification of Attitude control board

Index Specification
oV
Voltage +15V (use Op-amp)
Communication type UART or RS232 6ea
4ea(3.3V Level)
PWM channel 2ea(5V Level)
10 Input 4ea, Output 4ea(3.3V Level)
Output 2ea(bV Level)
2ea(3.3V Level)
DAC 2ea(5V Level)
ADC 2ea(3.3V Level)
I/0 Interrupt channel bea

_‘|9_



331 FHAR AojAxH

FEA AofA "ol Aojst= AL R A 259 AXE o]FAA FHFS
Zloltt. A 2~E9 A E o] FAVIE AFololE EZ+= 200Watt DC RE|7F o] &5
& Alojstr] 8l Fig. 163 22 Robo cubeAl2] CUBE-DC3606- DID 200Wattw RE =2}
HE AMEstTh RS232 B4l QIEH o] ~E o] &5t Ao WHES ALsty ¥z H

A oY sk=
o

’

=
o

= g0
AHala A =7} Fof o] AFS AAHEHT. CUBE-DC3606-DID EE =glo] Ho] A&
Table 12¢} Zt}.

Table 12 Specification of CUBE-DC3606-DID

Index Specification
Min / Max supply voltage 12~45V
Nominal supply voltage 36V
Number of motors to drive 2ea
Continuous coil current amplitude at 6A
Ta=25C, 20kHz PWM
Maximum momentary coil current 19A
amplitude
PWM Frequency 20 ~ 100kHz
Communication type RS232, RS485, CAN
Weight 44g
Dimension 80mm x 50mm x 17mm

Fig. 16 Motor drive of Buoyancy engine

_20_



i ol
Lo
>
o
ofy
>
o)
o
g
e

o\
N
Ho
ol
£
B
N

N O,
offt
ot
iy

A

ol %

(Controlled variable)2 PIDA]| o}(Proportional Integral Derivative control) 7]®H-& %3}

Zth. Table 133} Zo] ol 7bed Al TAHH2LZRE £68cm7tA 7Hsdtn,

AoJ Al 2~glo] ALgE ZES AjH A=
T3t Fig. 173 o] %7] Ad2x

A BFo R o] FAA Bt AAH e ZvE AAM7HA
1?:]_ S

Hr7F gt A=2497E olER x7]

BEo Eellee 7HAH AojEnt. oju] F¥ Ao +432g0|tt.

Table 13 Specification of Buoyancy engine

Index Specification
Distance of Buoyancy engine 150mm
Movable distance +6.8Cm
Resolution 1Imm
Volume of buoyancy +432¢g

‘ 68mm \

150mm

Fig. 17 Controlled variable of Buoyancy engine
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3.3.2 AA A 0]7] A| oA 2H]

AAAA7] A A el Aofsh AL T Aol 9AE o]FAA AAe] LA FA
S Aofste Zolth FA AFe] ANE ol FA e AFelolEZE 11Watt DC ZEI 7} of
gHAem, o]E Aojstr] ¢l Fig. 183 & FHAX AojA| =Hlo| A= A& Robo
cubeAbe] CUBE-DC3601-DI 50Wattw EE E=glo| BE AFESFH T RS232 T4 JAEH o]~
£ olgate] Aol WAL ADelr] ww wgo] As}

st CUBE-DC3601-DIle] ®E|=2lo] B o] A2 Table

A AFETE Fof o] AlFS AA
1

49} o},

Table 14 Specification of CUBE-DC3601-DII

Index Specification
Min / Max supply voltage 12~45V
Nominal supply voltage 36V
Number of motors to drive 2ea
Continuous coil current amplitude at 1.5A
Ta=25C, 20kHz PWM ’
Maximum momentary coil current 3A
amplitude
PWM Frequency 20 ~ 100kHz
Communication type RS232, RS485, CAN
Weight 24g
Dimension 6omm x 39mm x 15mm

Fig. 18 Motor drive of Attitude controller
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AAA 7] Ao} A 228 ol AL nejQds o] gk A=y
bt ER 27] F2 Ao FA44 g 9t Fig 199
Zo| 27] AAxE AAAZ FHH o U= TA Al WAL M5 FFOE of
SAA Bee] AAFo| gt YRE AA7A oFHTh Bere] AN HH o]F el
HAE FAHOR o) 27] AA2E vpAT o] F A&AinEe] W weh A4

i,
o H
z
i
11?{-5
i,
2,
2]
An)

Aoi7le] WE ML ol FAF = Aol@de PR /e Fa Aojs) ETh Table 159%
2ol o]F 7% At FAYOEFH 95emAA s o Inm AEe Helse

Table 15 Specification of Attitude controller

Index Specification
Distance of Attitude controller 440mm
Movable distance +9.5Cm
Resolution Imm
Volume of mass +4.7kg

200mm

Fig. 19 Controlled variable of Attitude controller
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Per Minute)= ZAsle AAe] AL FoE A7le AN £EE Aot Aot F317]
= Foixl WHo ot PWM 2355 -3t Ao PDAY 7[HE T3 A3 &
o}

2o AojA=Hlo] Aot AL HUe AEE -3t HdA AFFazts Aot
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Fig. 20 Rudder of HUG(L) / Servo motor of Rudder(R)

_24_



Table 16 Specification of Servo motor

Index Specification
Product number HS-5645MG
Voltage 4.8~7.4V
Torque 10.3~12.1kg
Speed 0.23~0.18sec
Weight 55.2g
Dimension 40.6mm X 19.8mm X 37.8mm

%Xl o)

-1

FAW £ Feolte vud A4Faze 2 Wit 87X RonE Hue ARt
W +£20° 2 £292 1T Yok AriE o 2° AEe) B HAD AojHrt

Table 17 Specification of Rudder

Index Specification
Angle of Rudder 60°
Movable Angle +20°

Resolution 2°
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3.4.1 DVL

DVL(Doppler Velocity Log)2 FFolA A £55 ASshe x4 AA 5 skt
olt}. 3F9 £& #S ==Y FHol| oA FHu 20Hzo| £=2 ASFsH, ASFH @S
RIS o]&dte] A& x, y HAE T ok DVLE nie o] whAlgkE o] 88
o AlSstE= Transducer= ©oFfE FtaL lofof st 5 ZXHo] nigw] of A=
AFdE AZo] JhsdtesE HA A A S0cmeoldé Eolo] AdA|Eojof it
Transducere] W& Beamld} Beam3 Alo]o] 9|7} AwFS o 3t} Fig. 22+ HUGO

etAlE DVLo|H Table 182 F 8 Apgkolth

Table 18 Specification of DVL

Index Specification
Power 80watts (Maximum transmit)
2~5watts (Average power)
Voltage 24 £2V
Protocol type RS232 or RS485 (8bit, 1stop, No parity)
weigit Lskg i vaten
Dimension 126(@)mm X 170mm
Maximum velocity =+ 20knots
Maximum sampling rate 20Hz
Transducer 4 Beam convex
Transducer beam angle 22°

Fig. 22 NavQuest600 Micro DVL
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3.4.2 AHRS

AHRS(Attitude Heading Reference System)= AFAl W] x| o]t} Roll# Pitchd BE AHA)
(Attitude)z}ar staz, YawA R+ WdH(Heading) &2 EF{ 3t MEMS7]WIQl Alojg@ A5 9l
Az AR A7) AA D 72 ADS 34 3D Orientationg Al4Feth. AHRSE 7HE 34
AolZ 22725 HESe 3D Orientatione A 33k= IMU(nertia Measurement System)z}al
=g7]1% st #o] Z2(Gyro), 714 = Al(Accelerometer), 18]al A x}7] Al 4(Magnetometer)
S B AR dAAste] A4 ARE Y3 ojuf AEexs Fx 9H, F 9%
AAAZ BT ¢ Joh o] Ax, 237F gl Orientation, 232 Ao|ZAaZgk A F3}hal
Aolzrzze] ofF E& o3 A oEde AFH TFo| MUSH HimEte ¥lg

Aoz AN 24 4
g 7ol o A% 2 94z FERROVI 2 4tE SRkl Aes] AEUT

a2y MEMS AHRSS] & 7l& A2 o3k 53 MEMS AHRS7F AAE &&FoklA
740l w2 IMUE HAE = A AT

AHRSo| Z3Hd Aol= MM AR gt 7IEEA S ZAEE o] &3t *ﬁﬂfﬂ ZHARoll,
Pitch)& FA3lH, o 7] X]XM AAE o] &3 A5 B Zhs o &3 WakHeading s F
At =99 4 AA 2 c}f%k—% o] &3] A Ao} Heading #lof 2t *d_zﬂ 1A FHxA
AXS AT 148 HFZAZ HEst=H o] &sHAl Ftt HUGY] A8 AHRSE XsensAhel
MTi-28A A& = A Eo]H, Fig. 234 2o Table 195 A|YS yElAT

Fig. 23 AHRS
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Table 19 Specification of AHRS

Index Specification
Voltage 4.5~30V
Protocol Type RS232, RS485
Update Rate user settable, max 256Hz
Dynamic Range all angles in 3D
Angular Resolution 0.05°
Repeatability 0.2°
Static Accuracy (roll/pitch) 0.5°
Static Accuracy (heading) 1.0°
Weight 50g
Dimension 58mm x 58mm x 22mm

34.3 FASA7]

= WS 4 =A7]Depth sensonE o] &3}
= . = T s Bl 48 s A ASE @S o] 835k
T W&o AlolE sHAl "k Fig. 24= HUGO| Z2HE 4 534 7]olt. Table 2004 X
o]o] Keller At Ht] BEFYE& A&t o™, 7[E9] old=1 =¥ WS tiilsty

RS485 FAl QB 28 AASte AFS AGHEE Asue Bestsn Hedoido
dolele] &4 3 wWadel A7le AL WAl 29 o) AHNEE =Ytk £4 57
el AZ Aol At 100bare] g AST 5 gom, o= HA A A FHoz MY

3 200mE ZFetal AlZo] JbsE Ao

Fig. 24 Depth sensor
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Table 20 Specification of Depth sensor

Index Specification
Voltage 8~28V
Protocol Type RS485
True Output Rate 400Hz
Accuracy 0.1%FS (10---40C)
Range 100bar
Type Absolute (Zero at vacuum)
Weight 160g
Dimension 27(Z)mm X 106mm

Tl A A Aol AYE SAHsH] AR ¥

i

& Z=A7)(Altimeten) S o] &3}

gst7] wel siAH

Aotk A 2AT 4 FR7)E AR HAAA ANE 5

3 QA ) ALE ASY U PH Qo Feto|Y FY Fol AAUN FES
S oolth WEel FA RE SAHEAAY Awl g AZse] £F 2ejelre] AW
= 31 gagFol AH8HET Fig. 25+ HUGe| Z=2sk S4l7]olth. Table 2194 Ho|x

_1

o] TritechAte] 241718 A&t on, 54 24719 5Ys7 7129 ofdz1 28 B4
o thalatel RS232 $41 QEIH 0| A8 Agshs ATL AEaEE ooz b
o] &4 9 WA e 2 =9t 24719 A A4

< o ZAA2 100me

A

off

Fig. 25 Altimeter
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Table 21 Specification of Altimeter

Index Specification
Voltage 24V
Protocol Type RS232
Operating frequency 200kHz
Beamwidth 20°  conical
Range 0.7 to 100m
Digital resolution 1mm
Weight o55kg i vaten
Dimension 47()mm X 213mm

3.4.5 GPS

GPS(Global Positioning System)= A7 YA HA| 2H"lo|th. GPSolA drbAH o= X
ARE ASsts AR GPS 7= 37 o] e fldezriy A%
gste] 3ol 44 e AdE A4 BHel webd d 9IRS A At o=
dAA N AR ZRE Aot ARF BHEE Al U fHCE A5 S WHe

drzioz de 2o AT

f
>
)
_E‘
Y
ic)
Ll
AN

G 2 AR FPAD S A%
8% AAA A & vk 9F AREE FAEH Wl met Holrt 9

$& 9 -4 247 10-15m AEoln $E2Y AREE 2T domold =
N 3 7

A AN 2 X ARE AZ=37] 93 AAQl DVLF AHRS, MU0 A dHAy &}
7F flvbe Aotk azls 2 AAe eak WY gtoem At 1A FHo
3

Yot 5 ZRAM FE T AA o 2713 L o ge FAstew



WaveShare yucc G Tx RX PPS)

NEO-6M(7M GPS,
(GUs Nz W)
Leofily

Fig. 26 U-BLOX NEO-6M Module

HUGO A= Fig. 263} Table 229} Zo] vHlwd A 73 U-BLOX NEO-6M GPS ModuleE
AbEEtg o Ao A 91X FHE= 5Hzel Sampling rateE Al Z3FA T

Table 22 Specification of GPS

Index Specification
Voltage 3.3V [ 5V
Protocol type TTL Level
Chip set U-BLOX Neo-6M Series
Baud rate 9600kbps
Horizontal position accuracy 2.5mCEP (SBAS:2.0mCEP)
Navigation update rate 5Hz maximum (1HZ default)
Weight 0.01kg (In air)
Dimension 25mm X 30mm X 4mm

3.4.6 7 AA

FE EREIY 2 FHEFLS WY
o So17Hl H¥ &A= &
EAE HAst7] 98 HUGY WHels T 7Hegol

sensonE AASAT. AA = T 27 AAsHon, A= /ST el s At
= F-9lol Az ok
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Fig. 27 Water leak sensor

HUGel AH&® 7 AAs itz oz Zhe, 9 (Water level detection), +4 & %
A&t Abg3he R A Al (Water senson)E ARSI T 2 AlME 109 Ad g9
EQE JAE ZAsH, 4R AsE 02 E8EH Eo] ZAHH On@B.3V), A=A &
PO Off(0V)2 29tk AHEE 5= A= Fig. 27019, A9 Table 233 2.

Table 23 Specification of Water leak sensor

Index Specification
Voltage 3~5V
Output type I/0
Operation current < 20mA
Measurement range 40mm X 16mm
Impedance 10hms
Weight 0.003kg (In air)
Dimension 6omm X 20mm X 8mm

3.5 HEgE % A4 =

HUGe] AHg= 2719 aiEg] #& g EALHE(LIFePO4) wiEg] Aol ZFo=Z w50l A
o AHEE uiE Y Ao Alde Table 249k ot wiE g AL kF Al 3.9V, W Al
2Vel Ate 7Y, 71F Age 3.2Velth &% 15Aho] L W AHFS 8mQ o|t}. o]}

2o wigg] AL 24V HiE gl HL 1P 8§S, 36V HlEE WS 1P 125 AH=Z AAs S FA
st AZE wjEl )9S Fig. 283 722 24V 360W, Fig. 299} z-2 36V 540Wo|th.
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Table 24 Specification of Battery cell

Index Specification
Nominal voltage 3.2V
Capacity 15Ah

3A 0.2C rate (Standard charging)

Charging current 7.5A 0.5C rate (Max. charging)

75A 5C (Max. continuous discharging)

Max. Discharging Rate 150A 10C (Max. Peak discharging)

Charging : 3.9V

Cut-off voltage Discharging : 2V

Internal resistance 8mQO
Weight 480g
Dimension 40()mm X 165mm

Fig. 29 36V 540W Battery pack (1P 12S)
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Table 25 Specification of DC-DC Converter

Index

Specification

Model number : SPS20-48-5

Input range : 48V (36~75V)

Efficiency : 87%

Output voltage : 5V

Maximum power : 20W

Output Voltage Tolerance : +2.0%

Ripple and Noise : 2% of Vout
(Bandwidth : 20MHz)

Ripple&Noise Max. : 70mVp-p

Model number : PBR50-48-12

Input range : 48V (36~75V)

Efficiency : 92%

Output voltage : 12V

Maximum power : 49.2W

Output Voltage Tolerance : £2.0%

Ripple and Noise : 1% of Vout
(Bandwidth : 20MHz)

Ripple&Noise Max. : 120mVp-p

Model number : PD25-48-1515

Input range : 48V (36~75V)

Efficiency : 86%

Output voltage : +15V

Maximum power : 25.2W

Output Voltage Tolerance : £2.0%

Ripple and Noise : 1% of Vout
(Bandwidth : 20MHz)

Ripple&Noise Max. : 150/150mVp-p

322 P-e}9} FET(Field Effective Transistor) &AS o] &3}
S| 2oA LRt o2 A& == N-8F) FET7} old P-EFYd
36V Wi g H e HAZE FEHo okt A A Fo=

%)
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Fig. 31 Earth fixed and body fixed coordinate system
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Table 26 6 D.O.F motion of the underwater vehicle

Classification Axis Motion Force & Velocity Displacement
Moment
X Surge X U x
Translational Swa v
motion y y v Yy
Heave Z w Z
X Roll K P P
Rotational .
motion y Pitch M q 0
Z Yaw N T (0
A7 1% 3 ERL

A 6AFES 2 55 2R £ES 4 (Do) WEE Yed £
n=[nl n m = oy 2]* n =120 1"
T
U_[U1TU2T U1:[UUU)]T UQZ[PQT]T
= 7" n=[xvz" 7= [KMN]"
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4.2 Ao &g F

[ (re)start and input

Submerging

Wa(x,)l

8
L ’)—»[ PD controller H Position control

Battery positon

Pitch controller L

g { AHRS measurement

6, ¢

Arr
estimation

Wa(x, y)[n]

Zc,Zg

—-[ Encoding |+
P

PD controller ]—»[ Buoyancy control

Pistol positon

Depth(z)
{ Depth measurement

|Buoyancy controller |

Location
estimation

Direction
estimation

Arrival estimation

Tatget ¢

e’

)—-[ PD controller

]—-[ Rudder control

Rudder angle

£ { AHRS measurement

Yaw controller

Fig. 32 Control algorithm diagram of HUG

Table 27 Parameters of control algorithm for HUG

Parameters Description
W,(z,y)ll Vertex array
W, (z,y)[n] Current vertex
6, Target pitch
ZewZy Depth upper/lower
Z Current Depth
P Buoyancy control value
0 Current pitch
P Current yaw
P, (x,y) Estimated position
P(z,y) Revise GPS value
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0. Initial value selection

%o, Po

1. Prediction of estimate value
& error covariance

%= [

P = AP, AT +Q

A

2. Correct of Kalman gain

K, = P HT(HP,HT + R)™}

3. Correct of estimate value .

Measurement value Estimate value
1 [ o »- -

Zy R = R + Kie(z — h(R)) Xk

A

4, Correct of error covariance

P, =Py — K HP;

I

Fig. 33 Algorithm of EKF
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5.2 GPS H%& AI¥
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CTD(Conductivity-Temperature-Depth), Multi-beam, SSS(Side Scan Sonar), Current sensor s
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B. Schematic

36V Switching
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