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ABSTRACT

This thesis presents the QFD (Quality Function Deployment) technique to
design an autonomous underwater robot focusing on the Thai Navy military mission,
which consists of three main routine tasks; (1) the underwater survey under the annual
plan in order to conserve the environment and underwater resources (2) the military
diving training and (3) the inspection of underwater ship structure to find any water
leakage. The QFD study results show the feasibility of using QFD technique to
systematically design the autonomous underwater robot to meet the user
requirements. Mapping between the design and expected parameters and a
conceptual drafting design of an autonomous underwater robot are also presented.

An particle swarm optimization (PSO) PID gains online-tuning (PSO-PID-Online)
intelligent control algorithm was proposed and implemented on the real robot, which
was constructed in accordance as the conceptual design of QFD method. The control
response of the proposed control algorithm was compared with the convention one,
Ziegler-Nichols gains tuning PID (ZN-PID). The results show the better responses of the
PSO-PID-Online control algorithm than the ZN-PID in terms of the rising time, the

overshoot, the settling time and the steady-state error.

Key Words : Autonomous Underwater Robot; QFD (Quality Function Deployment);
Particle Swarm Optimization (PSO); PID; Online-Tuning
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2.1 MINAYUBUALAUN

nsitmususudlii Sukuelie.a 1775 Sudvusudlihdusnistuiioindu
audnslumstanuesudléi (1] uludagduitilaninuided Reatesiurueudls
uninelagianizegaBsmaiamujusudfiiuuuusaluid Sanmsihludssgndliauazsaii
TUldnumssudanndon Msd1sIavmsnensssei Numsiineieanuasenu
msvs ususldihSnluiRldgnimunoudtiyniivime meduinenmaniuayimnsa
Sudonnananmiedenlshfilflassadeiiuiueunassunse uoghdlsfiniunisiu
fanamidadufomaduiuresusudlsiuuusnluiftefinomiamaluladtugs dan
Fofiold nssuamudesnisuarldoildnge Yagtuiiivusudlshsnluifunnd 46 suuuu
2] Tngdnilunjasfujusuddlidmivanudisalith Mhaudenstiufinnwlsimendes
flifiuuiuingisosdmiurhnisia lunmbuivimesileglumieduiedosiielunis
Fouliiunuayud iledonTasesiiliviesde lutmuaiidmudndesvituiignesnuuy
sl fuReuiluhanualdfiuiude udludgiuinsiauuvueudldhiumnnanedi
asATlumsvhauiuaneaiy 91l 2.1 Medevusudignitannlunmssui 1990
finswauiusudlii fssduanudndautihiulusedu 10-50 wes audsarudnlused
6000 w3 Aslumhauiienudnluseduingn yusudnatuagldlunsdmafiug dnilu
siuthiuiu dannagldiduusudnismenss (2]

1319 2.1 Wuseterusudngniaundulunmssei 1990

Y Foviuwus yaUszasAnsldon | Anudn () Hwan
1990 |UROV-2000  [dhsrafiuii 2000 |JAMSTEC, Yokosuka, Japan
1990 |Lifido YULUANAReY 10 |JAMVSTEC, Yokosuka, Japan
1990  |Musaku YUIUAVIAADS 10 JAMSTEC, Yokosuka, Japan
1990 |ULV (I) YUIUAVIAADS lsifivaya |Draper Laboratory, Cambridge, MA
1991 |AROV Auvuazyusu laifidfoga |SUTEC, Linkoping, Sweden
1992 |AE1000 anadamendalgi 1000 |KDD, Japan
1992 | Twin Burger ﬁuﬂuﬁmaaﬂ 50 US, University of Tokyo, Tokyo, Japan
1992 |ALBAC m%n%maﬂé’f’] 300 US, University of Tokyo, Tokyo, Japan
1992 [MAY szl 1sifloya | DARPA, Washington, DC
1992  |Doggie ﬁﬂi?ﬁ]ﬁuﬁ’l 6000  |Yard Ltd., Glasgow, Scotland
1992 | Dolphin mwm’]ﬂmamﬁ’@mmﬁ’] 6000 Yard Ltd., Glasgow, Scotland
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AN579 2.1 (919)

U Fovjunud gauszaeAnsldan | anwdn () Hwan
1992 |ABE daaiiu 6000 [WHOI, Woods Hole, MA
1992  |Phoenix vjuﬂ‘u(ﬁmaaﬂ 10 Naval Postgraduate School, Monterey, CA
1992 |ODIN ﬁuﬂuﬁ‘v}ﬂaaﬂ 30 ASL, University of Hawaii, Honolulu, Hl
1993 |Ocean Voyager Il |[91UN1INe@mans 6000 Florida Atlantic University, Boca Raton, FL
1993  |Odyssey |l NUNAINYIEERS 6000 MIT Sea Grant, Cambridge, MA
1993 |ARUS dsraiiuni lsifivaya | EUREKA (European Consortium)
1993 |ODAS #1979 900 Marconi Underwater Systems, UK
1993 |Hugin 419719 600 Norwegian Defense Establishment, Norway
1993 |Marius a1979 600 1ST, Lisbon, Portugal (w/France and Denmark)
1994 |Larec-D ULV ﬁuﬂuﬁmaaﬂmwmi 300 Naval Undersea Warfare Center, Newport, R
1994 |OTTER YULUANAaed 1000 |MBARI, CA
1994 |Explorer ATIdANUYa 1000 Shenyang Institute of Automation, China
1995 |ODIN I dsraiiuni 30 |ASL, University of Hawaii, Honolulu, HI
1995 |RL ﬁﬂiiﬁ]ﬁuﬁ’l 400 Mitsui Engineering, US, U. of Tokyo, Japan
1995  |Autosub-1 ATIMINEN NN 750 Southampton Oceanography Centre, UK
. va T o
1996 | Theseus m?ilmmmmmmagm 1000 ISE, Canada
213ARA
1997 |REMUS #1519 150  |Woods Hole Oceanographic Institution, MA
1997 [VORAM LS TReS 200 Korea Research Inst. of Ships & Ocean Engr.,
) Korea
1998 |Solar AUV YUIUAVIAADS lyifivaya |Autonomous Undersea Systems Institute, NH
1998  [AUV-HM1 ‘vjuauﬁmaaﬂ lm'ﬁ‘ﬁaaﬂa National Taiwan University, Taiwan
1998  |AMPS UNNYIAT 200 Pacific Missile Range Facility, Kekaha, HI
1998 |SIRENE sldvzia 4000 DESIBEL, European project led by IFREMER,
France
1999 |SAUVIM UV ANPGRS 6000 |ASL, University of Hawaii, Honolulu, HI

nseonuuuvueualagnludfAty 135n150nuuUIUTNlATIETE wagnsAIUAY
NSYINUYBIULUAAILATTAY VDIBIANTVTONUILY IINMITANWTVEINTNAU I LEUA

6 s nenssedl 1990 [2] anunsawusfanisifinsiaunueudlain eenldidu 5 Aanis

VAN Ao AANITAMUINGIMERT AMUAIINGTON ATUNITVIVT AMURRAIMNTINMTBITIavY
Tugmayns MuUBUY ansageazdenlai 11319 2.2 wansnnsiaie lunisussendly

YOIULUALALN [4]




M3 2.2 Wanan13ianne lunisussgnaldvasiueudla

Aaniseny nafavesviuesusli
Ingeans | - natmuaiusuiiviemeia
- maneuanesiivinironmnmsniuAsunennufeuesiulanuas
UAYNS
- NIFUAURIRE 1NN
dunaden | - mansansiluszozen (1Wu mslvavesanslelasmuen nsdlva
VYOIAIANIUANINGIE NAN1IZHN)
NSNS - mim’mmLLazﬁﬁm/juizLﬁmiwfﬂéfu
- HumugesuendiFesni
QLGRIPEH - MIETIRUMELNTHATUTHTULMAIN TN INS
wilowsuay | - nanleaduazigesnvlassadls
thifulu - prndeusosvesaeiwliin
AN
B - M3nsRaeuMelunazNMeuana1iTe

- aadraaniifdandanuiuades

~ msfedanazasadnanoiadadoansuazanslniitlai
_ shifienldiuitennutiuiis

- muAuguan1 ATl

siupudliiidlutingtull fsuhuiuandrseeniusenludumneanudniseonuuy
ssiusudliilidnduaniunisal wagnrsfafasisusuddululdaudamssiingndrei
Snwilsosdusznavvesiusudlnh fludetmuslunisesnuuufie aunvesusudliuas
ihwinvesirusudling yusudidvuelvguazitminmn asielunisiouasmang
dsutindn dnuvusudlihifiunadnuasimiinu fassngautunishanlussduiag
yierhity lidntn dunilwesnsimuviusudliidilasaaiuasdnunesuuuuiiunnss
fu annsoglénunmlszney 2.1 81 2.9 Sauansguievusudléildiauntulugag 10 9

SOUNAI
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Reeavery Strabe Light

\ GPS/bidiuns WiF Antenna
Cendusetivity, Temperat /
Acoustic Madem Transdu m, and Depih Sensor Recovery Float and
: PDpCIfII at
,..
HYDROI

e wg‘ _ =

hncrarae e

Side Sean Sonar
Electronics/Batteries
Mavigation

Acoustic Dappler Current Prafiler
(Ance)

Vehide Inteeface
Program (VIP)

Ruggedized Laptop Computes

AwUsENau 2.1 REMUS 1dlunsdrsiavihunuiilungia Wamnlae Kongsberg, Norway

AmUsEnNaU 2.2 AUV-207 Tidugiuneass Waulag AUVSI and ONR’s Xth International

San Diego, California

AmUszneau 2.3 Tri MARES Tiidugiumeass siswilae INESC TEC Portugal
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AMUTZNaU 2.4 The Hull BUG Tudugiuneass anstavinisise simwilae Navy Office of
Naval Research (ONR). At the Florida

AmUsENoU 2.5 SAAB Seaeye ROVs THdmsunistongunsalléth Wanlne Middle East to

New Zealand

AUsENoU 2.6 MBARI Washington, Nov 3 Tlunsnsavaeuyioldin wamnlng MBARI

engineers in Washington

[
d |

-
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AMUENOU 2.9 fupudlindmlul@ “anasiu” T dugiuneass simwiles aandunelulad

wtaLaLTe (AIT) Usewnelne
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NYayanIsesnLUUkAzALus Ul gl udRfnatsuaEnUIueuARE

gnesnuuuiieyszndlinulugaUszasdne Mlitiguiuazeunsaiuszneusineg fusenly
dsululsamalvetaasudnisiauiueudliiSnlus® dusnagiiantu weluladus
Woude (AT Ao vueudlihdudd “aasfu” wdmnduifvninendedudnnaulaiau
siupudliiEmTush sndu

NIRAILINITORNKUUYUEUALAUNEALUTR 1A251NITA TN LU TRDNIUUKAZES 9

Juiviuewsd wazszuumuaunisine damisdweslunisesniuuasiaueusia
SnluilR A9 SEUUNTYINUL MiheUseRtanisvinienunan (Main CPU) miigUsyaianases
wvasdnglailn wewmes (Thrusters) seuuwuges Anwdnlumsldnu awsanseasidenly

M58 2.3
M54 2.3 MEwesiunisesnwuuasueudliingnlugdl@
da AUV g STUU main Laveld WiA4T1 uanas STUUUIGRS auanlunisld
113 CPU Uszaaama Wi Thrusters Y
91U 594
AE 1000 1992 \ VME 3 DSP Lead-acid 3 AC Nax 2 knots
KDD, Works | MC68040/ image magnetometers; 1,000 m depth
Japan aMm processor camera; VCR
Recorder; laser;
Altimeter; depth
meter;
accelerometers;
rate gyroscope;
acoustic
transponder; radio
beacon, etc.
Phoenix 1992 0Ss-9 GESPAC Lead-acid 6 with 8 Data sonic PSA900 | Max 1 knot 10
NPS,USA MC68030/ gel control altitude sonar m depth
2M fins ST1000, ST725;
collision
avoidance sonar;
Gyros
ABE 1992 0S-9 68CH11 T800; SAIL | Lead-acid 6 Fluxgate compass; | 2 knots 6,000 m
WHOI,USA network gel magnetic heading; | depth
alkaline angular rate
lithium sensor
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A519 2.3 (91)

Fo AUV g STUU main Aol wiAgT18 uaLnas STUUUILDS auantunisld
135 CPU Uszunana W Thrusters U
919U 594
Ocean 1993 \ VME Neuron Lead-acid 1 with Watson 3 axis Max 5 knots 600
Voyager Il Works | MC68030/ chips; silver-zinc servo angle/rate; m depth
FAU, USA 8M LONTalk controlled | whisker sonar;
network rudder sonic

and stern | speedometer;
plane pressure sensor;

mosotech

altitude; sonar; RF

modem, etc.

Odyssey Il | 1993 0Ss-9 MC68030/ | MC68HC1 | silver-zinc 1 with Altimeter; temp. 6,000 m depth

MIT, USA 8M 1; SAIL servo sensor; acoustic
network controlled | modem; obstacle
rudder avoidance sonar;
and Pinger, etc.
elevator
OTTER 1994 Vv MVME167 | MVME167; Nickel- 8 Stereo CCD; Max. 4 knots
MBARI, Works | (68040) NDDS cadmium Fluxgate compass | 1,000 m depth
USA protocol 2-axis 1 mechanical
inclinometer; arm
motional

3-axis angle/rate;
pressore sensor;
sharp sonic
ranging and

positioning system

ODIN 1l 1995 Vv VME Lead-acid 8 Pressure sensor; Max. 2 knots 30
UH, USA Works | MC68040 Watson 3-axis m depth 1
angle/rate sensor; | mechanical arm
Kaiyo sonic
ranging and

positioning system

eavidunesrUseneuvessruuluniseaniuunusudlagnlulf Naenadesriu
AuReen1slunsldanu wariBnisiusuuuuidennqeIn1TANABINITYeTEuU[2] @
SUaLLduAlALUAIGe 2.0
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AT 2.4 SI8aBAUADIAUTENBUNNTORNKUUYUEUAAUNS AR

2 e ERENEREEANT AUADINTT 3Bn13/gduuy
i}u
Sensors ToyaTzere1 TN INTIAOULALNTATIVABY Taun
Whwnediinauls
é Planner waudhmngnsiavesmmsaiilinndnuie MIMURUEGY
£ AUALVIAIYBITEUY
World modeling YaUuuUdmIuTEUU AUV Uazn1siaves Awndon AUSTAIAVBINTGNT
Data fusion Yoyaiifimumneuazgndesandeyannidumesvaissi FNTinTe Al
Software wissflodmumsiaiuuurenfiamesdmsunisiadoud die | geduisiarszuuiusunsy
g ATUALLLAYN1IINADITEUUAURAAIINYBINITVINIU Uszeng
é Hardware Tugadidnmsetindifustansnm uasiaudangulunisviau amilaenssuszuu iAsete
S msieans wianiiuteya
Fault-tolerance mMsshuneAMuavaInioasauISLazseNR L ITiauIman nMseenuUUTE o
Hull 1ASESEMTURNIEANTAY; ANUENLAELVEIEIET B9 widn, egfidenlninidey,
FormunvelaiusnIm Funuuiivnneeiu msfiwmesnnsi; poslnaniesadin
Jan Tunsadns
E Propulsion N15U1999 |
§ Power szpu"LWWwﬁm%umsﬁUmﬁaulumsﬁwamaﬂymﬂ%&m
Work package LA3DIDEINSUNITAR | YANNATeR YEERUNAYINUAIIA 1M59AN15A1573
Emergency szuuauUaendelunmsneuauesse anmsafinaUnfuaznis m'szqﬂlﬁulﬁalﬁmﬁwlfﬁ'],mm
UINAWVUIUDIVUE UG AnUnAvassyuuliih
Navigation NNITTYRUIUS arAadn, Doppler,lwiuasoen
fingyro, GPS,
Obstacle STUUMIATIIABULALMANAEIgUATIATIOTAR: fouszey 50 arAafn uay ialwes
5 avoidance LUATHAY 17134& 10 849A1
2
§ systerT\ (OAS). _ __ __ _ _ :
| Self-diagnostic NIN3IERURAZUTEIUNANITAL LI LB U usefulin vesdues,
% mdmesdusuaniusueiszultos yawes seuseuiiuwes
= ALY
uazgUugll
Communication Mdsuaznsaneleudeyaseming Irlueseondin, svgafnivg
aniliuimiuasiviusudli uwaziales
Logistic support aadnsgunsalozlnauasdonuay
< mathgsinwitenansuasau 9
&1 Simutation m%aﬁaé’m%’umswmaaumsaamwuvjuaum‘iﬁﬁwLLazéuLmaé FrapsnsyiuLuUReLaL
§ wly nalndusumsiesizivesmsaiiineaunisia $ravsuwuuleuse
v annandeiaiionasa
3 User interface Lﬂ%ﬂi@ﬁm%umiLLﬁm%@gﬁ LLazmsﬂawﬁ’aaﬂaﬁﬁﬂums gunsalialiouss,aoeann,
119U A379N 3 T

IINNIANITIEaBEANITHRLYUEUALAL AINNT19 2.5 FILAAITI8AZIBEAYRY

W15ilweslunsiaiuIsanLUUuE UL Nkandlunavesiugudli vaaiusudli ves

Tecnomare , Italy Western space and Marine, Inc. Kraft TeleRotics, Inc. Schiling Robotics
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system, Inc. Wag International submarine Engr.Ltd, Canada fsiw1s1flimesnineitesfe

pemdaselunisindoui degree of freedom nsPuANIINYAAIUAN UG uAla
Master/slave unasirewdanuinu agildlunisains muwawaa‘lummaum ALAINTID
Tumsvduduingdeves sudssnaildlunisiaun 'i’mmm'mm’;ummmmmmuuaum

M54 2.5 MEwasiunisenwuuueudlaul

3 ﬁuawﬂﬁ‘fﬂ Tecnomare , Western Space Kraft TeleRotics, Inc. | Schiling International
ltaly and Marine, Inc. Robotics Submarine Engr.
Tneazdun System, Inc. Ltd., Canada
T Telemanipulato | The Arm-66 Predator Titan Il S ISE 7F
r
D.O.F. 6 plus gripper 6 plus gripper 6 plus gripper 6 plus gripper | 6 plus gripper

Master/slave

Mastser/slave

Mastser/slave

Mastser/slave

Mastser/slave

Mastser/slave

IR GNOEE 220 V-50 110-240 VAC, 47-63 Hz, 105-250 50/60 Hz, Hydraulic power
WA Hz/110 v-60 Hz, | 50/60 Hz, VAC and hydraulic 90/260 VAC @ 1250 Psi, 10
optional hydraulic power-2 | power @2000 Psi, 5 | and hydraulic | LPM, 25 micron
GPM @ 3000 Psi, GPM, 25 micron power @ filter
5-25 Micron absolute 3,000 Psi, 1.5-
absolute 5.0 GPM, 1.0-
200 cSt.
*Eaﬁﬂumsa%w Aluminum alloy | Aluminum, Aluminum with 6-4 titanium & | 6061-T6
type 6000 stainlese steel teflon coating 316 stainless Aluminum
composites,
corrosion isolation
system
WU Resolver at Position, velocity, Position and force Resolver Potentiomerers

each joint and
torque sensor
at the output
shaft

and torque

feedback

¥39 / w3atln Jaw closure Jaw force controls | Jaw closure force: Gripping force: | Gripping force:

force: 700 N and sets grip 0- 300 lbs., wrist 1,000 Ibf., 330 Ibf., wrist
350 Ibs. (120 Ib/ft) | torque: 100 ft.lbs wrist torque: torque: 140 ft.lbs
125 ft.lbs

Actuator DC motor - Hydraulic Hydraulic cylinders Hydraulic Hydraulic
brushless cylinders cylinders cylinders

JuUszana $350,000- $280,000 $119,00 $149,500 70,000-250,000
410,000

MUY 270 m 66 inches 80 inches 75.4 inches 59 inches

ﬁmﬁﬂ 40 ke 145 Ibs. 200 lbs. 250 Ibs. 650 Ibs. @ 1.4 m
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sUnsswssusudliin Tlunmsfiarsanlunisfauieonuuy dsjusudliitiiosnn
pafUsznauTessUnsafvusudldth fnafunisvhauiinnudnfunndeiu fuafunnusalu
nswdoufivesivusudlét sufannudunluniseenuuuatns Tumaa 2.6 Fauansded
fordelunisoenuuugnssvesjusudldih Adnwasidusunsanay Single sphere
NNTEUdn Cylinder oy gﬂmﬂfd Egg Fumnsnafiu

M5 2.6 TonverdelunisesnuuUIUNTvRuEudliul (2]

SUNSY
U

s

14
UVan

14 =)
UdLaY

JUNTII9NaY Single

sphere

PIUTNUNRUSUINT , DMS1EIUNALEL
ANUSUNMSAUIANYIUN UL

o Ny oA
nsAReuNY Lesannadu
NILAEAUETIVDIF IV UL UA

NANNIEUBDN
Cylinder

Megluniseanwuy, ANgalunisiadeun

aunlumsnyudeuniania

IUNTI97U Saucer

narmaninMsUsuUslukuszuy
winnzauiumsvavenszuaun

lassasadiusgansnmaiuay
F1 911A SEAUANANAY

JUN33lY Egg

NAFANSNADMIIEIU Va9 MInAU
USums9a

gL DBNLUULATUTEFYE

Fanfinsiinsanmhuildiiedutaniassasaiueudliin Steel alloy egfiiien

Aluminum alloy vvidley Titanium alloy C/peek composite L%573iA Ceramic &4
Twazdunvesianimhuildiiieidulaswadsvemiusudliu dauandunsne 2.7

319 2.7 nswSeuiiieuianildduianinseasdig

Steel Aluminum | Titanium C/peek Ceramic
alloy alloy alloy composite
mmm%‘amaﬁa@ 60 73 125 300 100
Ultimate stress (Kpsi)
NARDLIIDA AIUNUILUY 0.283 0.1 0.16 0.056 0.13
(Ib/in’) Density (Ib/in’)
m‘iﬂszawﬁz Fabrication Excellent | Very good Good Fair Fair
AMUAIUINUNITAANTOU Poor Fair Very good | Excellent Excellent
Corrosion resistance
ANnulFewIan Magnetic | Very high Medium High Very low Very low
susceptibility
Aldaefiiertos Relative Very low Very low Moderate Moderate Moderate
cost
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2.2 N1599NUUUA2EAS QFD (Quality Function Deployment)

ponuuUlAs L ueuslHh SRl assasauasauanunsofinssiuaui
viuguAaglUURTRvTNT wagmseriumudosnisvesldanuats Faannsdisnissansside
nseenuUUNAzANN TN lsdedeyaifissanuszaunisaliazuuAnvosoeniuuusias
yarawiiiy uisiavdnnsTigndes dauau vdnnsesnuuudieds QFD Wundnniseeniuy
wazianfianansoisszendldfuniseonuuuiasitmuiueudlihlfbuedsidonn
HuFsnsfiusivasueudesnisvesglinusnnduianssulunseeniuuiazimun nénns
Fananifldiannaulud ae. 1967 Weudtamneunsuanduiesnulmiluadusniiuszne
Gu [16] udstonlul 1972 & mswaunde Tneld dauszandldadausnlugdeZeresion
fng03 Yssmaddu [17) 2nihilud ae. 1977-1984 Vvisnlalesldihanssgndldaunses
wnsvangeentulunis vienudilatisnnudeanisvesdlda [18] lunszuiuniseeniuy
WAILVUEUARINN15E15993350uN 5133 emuTledinasl938 QFD Tun1susuugenanInues
YugUAlSINULUUAITIoU (Cartesian) PHLnunNsLARDUT 3 UNY (3 Degree-of-freedom)
LaTMUEUALILNG (Arm robot) Aifidnvaslassaiavilouruvusud PUMA lelsiflnann
MIUATIHABINITVDIL T [19] MTIUUINIBBNRUURRUIUEUAUgNAY (Plant nursing
robot) Iagld QFD Tmsatumnasioansvesldnuuasliiuingtu Aundeussadniieis
asdasafovesildamse [20] egrslsAnuannsdisng dssunssisediinumns
sonuuuimuueui i seaniuuluduwifa (Conceptual design) §31AnT5titen
unAnnaadunanuaiauasvaaeulinuate Insiamzegnedadilifing senuuusinun
siupudliiSnlusflagldis orD warlu Ussmelneunuaglifinisideivoidondsatuviueud
SoludAldiuas

2.3 ﬁ’sﬂ’mﬂuﬁlﬂiuﬁa (Autonomous Controller)

Tumansveslyaseavg (Artificial intelligence) 3§ﬂ'ﬁm¢hmwamﬁamwu

sl inung wusladu 3 TWnadsuiuunnuiiiamnis wie Evolutionary

algorithm Forsfinevldesaunsvaneie 4 mumamﬁmwuﬁmim (Genetic algorithm, GA)
nnauuilafithunuszndldfunamanmsnzaniigade Jaygyrsaums (Swarm intelligence )
FadunsfnwinazideunuuiBnsmesssunivesdnifieg samdiudugatu memAimnga
flgndengusn (Ant colony optimization, ACO) MIMAINEANTIgALUULIELANA
(Particle swarm optimization, PSO) "3%ﬂwwi’mamL%ﬁ"'mmﬂ13§a3ﬁ1ﬂ13ﬁuu’1ﬂzjmﬁmau
Bowiu uarldnalnfideunutmnanmguiiiwmmslumsdfugmneuliassdulubosy
UNIRENUAMBUTIRTIAAI23] MImANINEALTALUUK YA (Particle swarm
optimization, PSO) fignininuisnsmmmeuiidfiaelnedeunuunguiiimunsdnuuy
il Ine Kennedy and Eberhart [24] Iftaue PSO LHunfausnlull a.a. 1995 anunsag
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Fwazdealu 11319 2.8 &9 PSO WWABMsmANRTIgnlnge dandnn1snIsdeuluunginssy
nsdinuvesdnidany gaun vie wevan usu

M54 2.8 Tunsvaelayyiuseivg

Simulated Expert Genetic Tabu Ant System Particle
Annealing System Algorithm Search Swarm

Optimization

1953 1969 1975 1989 1991 1995

WIALYes PSO agnsefiiinsutsiiutoyasznitsssnnsviengueynaiiofum
nadnsuazuAdamiideanisldediasanda [25] vilsk PSO deweenaunsvanouazgniinmm
UszgnaltlunisunTymmiadenssulunainvanesuwuy [23,25,31] 21nn15ANTIMLINTT
PSO #N15338UmMaNT8e PSO 1AM IITADIUBIRMIAIUANTILER YBITEUUUTULIIAU
dmlul® (Automatic voltage regulator, AVR) Tusudsslananendnnis PSO wWisuiieuiu
Fane3sustusnssu (Genetic algorithm, GA) 3991nn13¥in3ds Usingimsianuves PSO T
WswesvassauANiiled Andinislanisiinesnndaneituiiugnssu (Genetic
algorithm, GA) Husanefilsian Ajaiu (Overshoot) Aitfosnituaziiaidauna (Settling
time) 1i89laL5an31[44] Mt PSO wildlunisAmnsfiwes PID Tunisamuruuees Tunis
Melmhdnaesillaad (Ziegler-nichols) Tun1smAmsdlnes Han15338AITIIAINITIELNDS
26383 PSO Temsfimesiinitnaiantu (Rising time), nangauna (Settling time)
and #vjaLAn (Overshoot) vesszuLTiAnI@niaesilaad (Ziegler-nichols) [41,42] H3aeld
Ussgnalgion s ImnINISHUUNAN 588N a3ouiugnssu (Genetic algorithms, GA)
SmfUIBMIMANITANTigALUURteLMA (Particle swarm optimization, PSO) Tagldde
BeniBnsuUURANT T Sane3sufusNTLUUEIEYNIA (Swarm Genetic algorithms, SGA)
Brsildsendeivesdaneituiugnisu GAs ity PSO iitevhnsaslenia n1sdndis
Usspnsiiflenadngrmeuiinduieunandumssuildeynanduifielianusoddsiud
fiSBunidanesuiugnisy (GAs) wuuiiuladaneTBuiugnssuuuLgsaynA (SGA) azgn
luuszendldludayminisiden (Prototype) UsednSnimues dana3Bunugnsuluus
oA (SGA) axihlilSsuiisunadnsiudanetuiugnasu (GAs) Tu{]zummmimammi
ieunai Ialuvaneq wansmeassdmanisnaaeuansliiuindaneTsumugnasuLUUL
auMA (SGA) anusafumAmeulisuazinidanessuiugnssy (GAs) WUUWdK [35,36,37]
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n13Usegneld PSO AulgymmadmnIsuauenge
Tuduiavagusenaumanuildussendld Pso Tutlymmeimnssaludu
#1499 Fanandlunss 2.9 faildnauudihefuindiwniseseynia (Particle) usiazsh
annsawlandumneu (Solution) vestywiiunnsnaiuls Tnemafianisulassiumaes
auNA (Particle) Jusmevvestlymmiien ﬁ?mwiaz{kgm%ﬁ%%ﬂmaw’15'17‘1'LLmﬂﬁmﬁth

39 2.9 aguunemivszendld PSO Tudlammisimngsy [16]

Uy UNAY
Sequential ordering problem Anghinolfi et al. [10]
Job-shop scheduling problem Pongchairerks and Kachitvichyanukul [11]
Economic load dispatch with generator constraints | Safari and Shayeghi [12]
Flowshop scheduling problem Liu et al. [13]
Order planning problem Zhang et al. [14]
Joint pricing and lot-sizing problem Dye and Ouyang [15]

mnmsinydeyaifesiuieiunismaumngauiigauuugseynia (Particle
swarm optimization, PSO) uummmmvmmLm{]iumammiwlmLﬂummuim Fadauluns
uauusuilii SRl Afdoindunuiion Weswnanuliduduiifegguamatnuos
szuulih TumAdeifadenonamawmzauiigauuugdsounia (Particle swarm
optimization, PSO) sidusanAmiimesvesiiled lunisausunsyimuvevuguls

mimﬂ"]mmzamﬁqmwwjaawmﬂ (Particle swarm optimization, PSO) Hudnwdla
ATiATIN1SFaRTR TN (Evolutionary computation) [25-26] Wiedunwadnsues
Homiidenududon nensmumdimunmsidfuiidanangeiifamnisves
AalTindsmnsadniu (Charles Darwin) lugAnMilul a.a.1842 [25] madanismen
IngaLTigALUUHseymaaansaltuitgmitudeuldeniiuszavinmlaianzesab
Soaunsvesdgmuuuliidudadu 24] uarannsosegndldivaunsuuulisewlesld [27]
M9¥UYes PSO IEBuLUTINNWgANTTUMsdsnnesasivin 1oy nsidouivesyunt
1NOONMIDIMITNTDU ﬁ’uLi‘JquuﬂLLﬁazﬁaﬁmﬁwﬁﬁuﬁummmiLLazaws’J’wﬁa@jmﬁsﬂU
wiouqiu gelafiflemnsegvideanunsainendels vieusiusgaiddusmeunazdeasilungy
WleuaniuAsudeyasevinatu [24-25) unusazidalisuilueynausiaziazdeaiudeya
nAwpSABIIAmDSRanAmeSTryuisazAwosszyaIElun S0 Fafudlunils
oumAunuseTnsimesvestiyvmilazuszneuseiulsdsieisatoyaveseymausiaz i
[25] anfinannaniesiu vdnmsANraigauuugseyna Juduismsimangaulunis
thanuAtamiluntseunuvusudl
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unil 3
3FATUNTINY
3.1 N1999NLUULALAF1SUEUALNINLUIR

3.1.1 nseuANARNISERNUUUuBURlS Sl LR mSusRams Selnelasis
QFD (Conceptual design of an Autonomous Underwater Robot for Thai Navy Military
tasks Using QFD method)
Tunseenuuujusudldihdnuifmunideiasldnsdfinuidunmsianmaide
sndeuisuazuaundedsyitiunsie mssihlunsenuuualznsdusssutimm e
AnvanuaunavesUrn¥eiudnith madmindietufinnsiindthemmadelne wagnis
ihitedmasesimedasadilitesse Tneiunsufiinmsialurelahiilidng 10
PUE %umauiumwamLLUUVjuaum“Lél’ﬂfwé’quﬂaﬁw%% (Quality Function Deployment, QFD)
figheriu 6 Sunoudsil
Fupoudt 1 Fomsszyfldaru (User Identification)
Hunsspydldnuiiieatodagnsatumsldnuiusudlfhsaluimy
A3 N33 Iﬂwé’ﬂm'iLLé’fgfﬁ’mau;ﬁ%wuﬁé’mﬁwmiéﬁaﬁ]agjﬁ 20-30 Ay [20] Flunns
é’fmLﬁan;ﬂ%muléfﬁmmﬂﬁmmiL%aﬁ'@LLaLﬁsnf'i’u?iqLL’mé’aﬂuﬁmmLaﬁmu 9 v nsSeiidu
ﬂg‘p’]ﬂﬁwﬁwﬁmu 5 AU Mnsidefiquaiiosudnuiu 13 au uaznmsietieglunguinidouas
fiamunduon 9 Ausiugiilinuazifstosiunslideya S1uau 36 au
Fupoudl 2 Aensdrsrannudioamsvesildeu (User Requirements)
Lﬂuﬂwaﬁwmﬁ'ﬁamméfmmwaq;ﬂ%&mﬁiﬁmnLﬁmmm;ﬂﬁﬁmu (Voice
of users) fifinasansoenuuy vususlihdnluda aumae 3.1 sefuanudfyese
droamsvesdlfrulunuideilidsmanuoinisveslilnoutadundguanudonamdn
pandu 6 #u Tufle mnuamnsalunI3ieL Operating Capacity asAUsznauluntsinany
Operating Function snusulszunalunisawsu Economy Aafifinansznuivdndo
Environment Anuvasnselunislden Operating Safety funiseenuuy Design Falu
31971 3.2 1uswazBendenlu mudosnamdn 6 su dadudeyadmiunmshululdlunis
Yondsil
Fumeud 3 Aon1sMvuaauddluwiaraufoIns Ve lde
(Prioritizing user Requirements)
Humsimuaauddny lusasanudeansvosldanu deasdessey
seauaziunludsazsilineslaggldnues




52> Mahasarakham University

19

M50 3.1 sEAUANLAIRYUDIANNABINTVRI [T

Importance ratings Average importance ratings
Requirement | U ]* U, | Us Uss /rw
X, he o s |dss |
X 5 5 4 5
X5 5 4 3 3.9
X3 5 3 5 5
. X6 5 5 4 5 35

**  Rating of user 1

XXX

User 1 of n interviewed users

Importance ratings are calculated according to Equation (1).

C
=20, /Cr=1,23.R (1)

=1

Wamuali  C

A o

A8 mu’mmm;ﬂ%’mu

Ao ANAVDITEAUANUEAYYRIANLABINITVDE LU

£

A ﬂ’)?ﬂﬁ]@ﬂﬂ?iﬂ]@ﬁﬁﬂ%ﬁu

[y o

Ao sEAUAUEARYRIAINABINT TR IH L ()

[

Ao F1UIUVDIANNABINITVRIRLFAU

P

P

P

P

Mnaudesnslduvdniisnetu 6 fu meluliseazdesiituidedesiienszy
ThAneudaidaulunudonsifinty Wy mudosn1siaIu Operating Capacity
waziBunthdedesaznanismuaunsaiidesnisliusudansasldluanudnuszanu
10 LUAT Operating depth up to 10 meters ﬂ’ﬁﬂw@uaumﬂlﬁagﬁuamwﬁq Underwater standstill
pusadlutuiingienmndes VDO uazn1smiuauamsalilsaln Low operating speed
anunsaglalumsns 3.2 el dudoyalunsimuamindidry
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A5 3.2 ANUABINTTVRIFIUNAN 6 AunTeusgazidundatoy

Main categories

User Requirements, X,, r = 1,..., 36

1.0perating (1.1) Operating depth up to 10 meters, (1.2) Underwater standstill, (1.3)

Capacity Able to record video, (1.4) Able to track ship bottom, (1.5) Long
operating time, (1.6) Low operating speed

2.0perating (2.1) Operate remotely with cable, (2.2) Operate remotely with radio,

Function (2.3) Autonomous control, (2.4) Easy to control, (2.5) Easy to service,
(2.6) Failure self-buoyancy, (2.7) Able to work during night time

3.Economy (3.1) Low operation costs, (3.2) Low energy consumption, (3.3) Easy to

transport, (3.4) Low cost control system

4.Environment

(4.1) Avoids damage to the underwater plants, (4.2) Avoids damage to
animals, (4.3) Avoids water polluting, (4.4) Quiet, (4.5) Use renewable

energy

5.0perating
Safety

(5.1) Safety when transport, (5.2) Fail safe remote surveillance, (5.3)

Safety when water leakage

6.Design

(6.1) Self-navigation, (6.2) Easy to add equipment, (6.3) Look beauty,
(6.4) Well-managed power supply, (6.5) Structure adjustable to balance
the hull, (6.6) Obstacle avoid, (6.7) Light weight, (6.8) Small size, (6.9)
Move four degree of freedom, (6.10) Real time video monitoring, (6.11)

Use resistance-to-corrosion material

parameters)

TuURBUN 4 AoN135EUNITITWesIUNMTBRNIUY (Identification of design

Wunsiesest Yadelunseenwuuiiduiusiumsdmesae ilaunain

ANURBINITVRITIU Bansevilaedlde v lususieuewiusudladnlulf dieivey
pnauUseandusumnegasil (1) Underwater Application (2) underwater robot mechanical

structure design (3) Industrial design and product optimizing (4) Underwater robot

technologies design and system integration (5) Control System Design (6) Embedded

system design (7) Environmental impact consideration (8) Energy saving consideration
I severlie v luaueine wandunisne 3.3
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A1519 3.3 519708 TUNITASIEANISITG DS LUN1TODNLUY

U o

FUVOHLTIUEY

Y

Fields of Expertise

Asst. Prof. Dr. kridiwat

Naval Research & Development Office

Military underwater

sutivary applications
Asst. Prof. Dr. Keartisak Department of Manufacturing Industrial design and
Sriprateep Engineering, Faculty of Engineering, product optimization

Mahasarakham University

Asst. Prof. Dr.Theerayuth.

Chatchanayuenyong

Department of Mechatronics
Engineering, Faculty of Engineering,

Mahasarakham University

Underwater robot design

and system integration

Asst. Prof. Dr.Worawat

Sa-ngiamvibool,

Department of Electrical Engineering,
Faculty of Engineering, Mahasarakham
University

Control system design

Asst. Prof. Dr. Anan

Suebsomran

Department of Teacher Training in
Mechanical Engineering, Faculty of
Industrial Education, King Mongkut's
Institute of Technology. North Bangkok

Mechanical and System

Design

Sir Rene Pitayataratorn

Centre of Excellence in Embedded
Development (CEED), Khon Kaen

University

Embedded System Design

Asst. Prof. Dr. korntham

Department of Science Service,

Control System and

Sathirkul Ministry of Science and Technology. Mechanical Design
Asst. Prof. Traizit Thai-Nichi Institute of Technology QFD expert
Benjaboonyazit

Prof. Dr. Sorakit Srikasem

Royal Thai Air Force Academy

Electronics and
Communication System

design

Fupoud 5 mimmmé’mﬁuéiwdwmmﬁmmmwﬁs&’fmuﬁuwwmﬁma%ﬁ

\Aedea (Determination of Relationships)
Li‘Juﬂ'13fi’mummmé’mﬁuﬁ‘iw’mmméfmmasum;ﬁsé’fmuﬁuwwawﬁma%ﬁ

L?{afsﬂé’iaﬂumiaaﬂLLUUﬁzjuaum‘Tﬁﬁfwé’quﬁa Imamé’i’a@%mmmé’mwqﬁizqagﬂusﬁu’umauﬁ 4

AT 3.3 Lﬂué’ﬁmummmﬁma%ﬁLﬁ'Enﬂé’iaﬂumiaaﬂLLUUWS}mmé’fuﬁuéﬁ’ummﬁmmieum

Aldeu Faglalu ansne 3.4
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A1519 3.4 WIS1ALPBSLUNITODNLUUNSDUAIDTUNY

Design Parameters Explanation
1.1 10-MeterRobotStructure | Structure of the robot can operate underwater up to
10-meter depth.
> 1.2 Depth Sensor Have a depth sensor to measure the robot depth
9 from water surface.
§ 1.3 Underwater Camera Have an underwater camera to record photo and
& video.
g 1.4 | Ultrasonic Sensor Have an ultrasonic sensor to measure robot height
CC))__ from water bottom.
- 1.5 Power Supply Have well power supply management for equipment
Management inside the robot such as camera, sensor, controller,
etc.

2.1 Remote Cable Operate | Can control and monitor the robot remotely via cable.

2.2 Remote Radio Control Can control and monitor the robot remotely via radio
- frequency (RF) signal.
'% 2.3 Autonomous Control Have a control algorithm, which enables the robot to
ug_s Algorithm move autonomously.
Z |24 Graphic User Interface Have graphic user interface between user and robot.
g 2.5 Equipment Module Equipments inside the robot are designed in module
O Design for easily service purpose.
A 2.6 Self Buoyancy System The robot can buoy by itself when it is out of service.

Design

2.7 Underwater Lights Have underwater lights for navigation purpose.
> |31 Low Energy Consumption | Use low energy consumption equipments.
é 3.2 Equipped With Eyebolts | The robot can be transported easily with eyebolts and
E) & Transport Wheel wheel .
“ 133 Low Cost Controller Use low cost controller.

4.1 Equipped With Thruster | All thrusters are equipped with guard for protection
ZC; Guards purpose.
g 4.2 Use Clean Energy Use clean energy to conserve environment.
'g 4.3 UselLow Noise Electric Use low noise electric motor to avoid nuisance sound.
E- Motor

4.4 Use Rechargeable Battery | Use rechargeable battery.
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Design Parameters

Explanation

Main Power Safety
Switch

Have main power switch to shutdown all equipments

in case of accident.

Remote Surveillance

Design

The robot can be shut down all systems remotely.

Pressure Hull

The robot’s hull is pressurized to prevent water

leakage.

Compass Sensor &

Vertical Gyroscope

The robot is equipped with compass sensor and

vertical gyroscope.

Open Frame Structure

Design

The robot structure has an open frame design, which

can be equipped with external sensor easily.

Beautiful Hull Form

Design

The hull form of robot is well designed and looks
beautiful.

Detail Power Distribution

Planning

The power distribution for equipment inside the robot

is well-managed.

Adjustable Buoyancy

Components

The buoyancy level of robot can be adjusted with its

components.

Use Strong ButLight
Weight Material

The robot structure is made of not only light weight

but also strong material.

Small Overall Size

The overall size of robot is small to be easily

transported.

Configuration Design

The robot is well configured to make it balance in all

demensions.

Communication System

Design

The user can communicate with the robot for

controlling and monitoring purposes.

> |51

9

[40]

(Va]

o |52

£

ol

o |53

Lo
6.1
6.2
6.3
6.0
6.5

C

on

g 6.6

O
6.7
6.8
6.9
6.10

Use Resistant To

Corrosion Material

The material for underwater pressure hull must not
only be able to withstand high external pressure, but

must also withstand the environment [21].
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JUADUN 6 ADNITUIANULALINUNUTENINNITITADST LY LUNITDDALUU

(Correlation between the design parameters)
Junstmuaussdiuseduanuisatuiuseninananimesildlunng

aamwuima@%mﬂmyé’wmqﬁizqagﬁlwﬁy’umuﬁ 4§15 3.3 WNUAFEAIRIATAIY B9

Asavuneisdimuddiyann duriaetosnnuddyiintussrinanudonis

Tunsldanuiumaniwestunisesnuuufagtiosasmiy

Tneldaunisit 2 Wawsumumaseiuaudfyenuduiusseninansfiwesildluns

DONLUU
RS L min
o~ ™00 .
R
WeAmuald R A9 range = max-min;
min g Atleengn v (D, ,).
max Aa AMUINTIEA VB9 VIaMUAYEY raw scores (D).

n & 1 a o’d‘ 3
k =\/; ‘n = A9 ANISIAW SN UNTEBNLUUNANLA

m
Rsn= Z:|r,mDr n (3)

j=1

Wedmuali |, fie ALadesEAuANNEAYYeIRINABINITYRMElEY

m (m=1-36).
D, AB SEAUANUANTUSTENINNAINARINTVR T m Uay

W3IBS IUNITORNLUY N (n=32-1)
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A1519 3.5 AN51ATIERANUEURUTTENINNISITLR DS I UNTOONWUUNUAIILABINISUDS
ARl

¢t
>
8
+ &
o
=
" +
3
. >
> &
. +
o>
Oparating Capacity 2.0perating Function 3.Econom Environment | 5.0perating S &.Design
b -
g g 2
3 o| o | B i
a = w £ c| =
H & § 1 § £ Qg ] I_En E E i i
i i H g 1 5 g H 5|8 AR -
H il e | a g e S; z H T £ tl2|lg|E]|S £l
g . HEIRIR R 5 N g il HEEIBIRE sl g ¢
o 5 | 8| % 5 % @ 5| 2 B 5 Fl 4 | & z s
HE Elali|6g 52|z &|B|él6 |2|E(z|2(5|8|+ Bl 2 E|5|2|9|5|2|9 %
B3 gl a)2 815 % F|3 (8 [flel2(2(8)ae|s(6(2|¢C|55 |2 ¥ ¢|5|8| ¢
IR IE IR E IR I E R R R IR R IR I IR IR I IR RE R R 1R Ik IR IR 1R R B 1B
R R R R R T R IR IR R IR I IR R I HIE I IR IE IR R R I
3 g E| E| & 3| = E 3 v |la|w| E|E & E| g 2 2| @ E| &
s F|S|s|é(8| s 3|8 2 a|3|2(a |5|a|i|5(2 86| & 5|8\ &[2|2|8(8]|8)23 %
o 2221258 2]l & & dfsls |a|le|s|S|slaflalo|s]|aflalsle|s|e|c]|2|w] @
!1.|0pe|mmguapmupmmmam dalg alalals]e a e 1] 9 1 3| 3 g 3 |4 9 113]
H -
1 sl s 29 3]s 9 s 3 s 5 ofle|o e ls 3|
&
2" 173 Abl to record videa A g 4 3 n 1 e
= 1.4 Atk hip bot
i bl to track ship bottom 44 3| ofloflala]lo|1]als g 1 3 alals 819 1 10
% 1.5 Long operafing fime 18 g g 9 A A 6| 3 &7
18 o cperating speed ERE 9o 1 1 9 9 3 3| o 3o g5
it l
2.1 Operate remotely with cable 47 4 3 g g '] 9 ] &6
g [22 Cperate remately with 12 o § . 5 B |4 B B 9 B
< [23 Aulonomous conlrol 13 g ] 9| g g 9|8 ] N ] 3 k]
g 124 Easy to control 42 g g 9] g g g ] 3 75)
H ekl 45 9 3 9 g 3 9 9 3 | &)
Q
O [0 Faiure seftbuoyancy 18 3 g 1 9 3 Zj
2.7 Able to wark during mght time. 25 P g a a g 3 9 57
’ 3.1 Low operaton costs 4 1 g 9 3 g 3 34|
§ 3.2 Low energy cansumption 35 3 9] g 3 24
E“ = 0 anspant 4 9 a 1 3 g 3 sls|s il g
3.4 Low cost control system 35 3 g g q 9 ] 54
-1 Avoids damage to the Undervater
¢ [pen= 4 g a af1]9 g s ls 1 g @1
n
H 2 Avoids damage fo animals ¥ F . ilila 3 o | o i B &
8 [ i e paing 15 " olale " s | @
2
ﬂ 4.4 Quied 3 3 g 3 15|
[75 Use renawable energy i 5 5 3 9 il 27
2 5.1 Salty when ransport
@ 31 9 3 ] 9 9 9l 3| &0
2[5.2Fal sat remote survellance
] 35 9 s 3 3 2
§ 5.4 Salety when water leakage
u 48 il3 9 3 9 3 ] 1 913 9 61
6.1 Seif_navigaton 34) 8 9 8 918 1 8 8 9 73
5.2 Easy o add nquipment 3 3 i g g 913 3 3] 43
6.3 Look beauty 26 9 1 1 t]9 9|83 8| s
164 Well-managesd power supply B 3 g o 27
55 Structure adjusiable o balance e hul
5 a1l 9 als 9 3 3 s s 9 3 3| e
5 5.5 Obstecie avaid 48 AEE f o |1 9 B 5 7
J6.7 Light weight 12l o 3 g ala E] 3]0]68 1 52
6.8 Small size o 0|3 g 9 [ 3 3 al3 57
.9 Move four dagree of freedom 37 E] slole ale slels 74
10 Real time video monilori 45 g gjajale ) 9 2 72
.11 Use resistance-o-comosion material | 35| 4 3 9 3 1 9 34
Raw score| 311 | 493 | 183 | 386 | 381 | 355 | 127 | 585|283 | 405 194 [ 262 | 233 | 185 | 604 | 208 | 672|528 165 | 226 | 648 | 83 | 600|277 | 114 [ 136 | 218 | 204 | 376 | 260 | 193 | 333 | 2141
Rolative %[ &% | 6% | 7% | 5% | 5% | 4% | % [ 7% [ 4% [ 0% | 2% | 3% | 3% [ % | 7% | 3% [ 1% [ 1% [ 2% | 3% [ 1% | 1% [ &% [ 3% | 19 | 2% | 3% | 2% | 5% [ 3% [ 3% [ 4% [1o0m]
WRenk| 3 | 4 | 2 [ 33|32 s 3lt1l2 3 2lels a1 11212111 [alslal2[2]2]3[3]2]3] 1
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3.1.2 MyafsjusudsaluiAsensiinesildannseuauda QFD
foyailiareilumsidoadadgnudsoondu 3 dnnfufe deyaililunis
20NLUULATIATNVBMULUAMEITNTT QFD (Quality Function Deployment) 21nn38UIUNNT
Tunevidunstulddeyadiiamuduiilunsesnuuudinessdeslumsa (manuan 1)

User requirements

1.1 Operatingdepthup to 10 meters  [LLIREOIIODELRLLAREEEEREEV IO RRRCREREE TR RRELLCLARRAEE RO RLLREER RN ARERAREERTINURELLLRRD
1.3 Ableto record video )

2.1 Operate remotelywith cable

5.3 Safety when water leakage

6.10Real time vid eo monitoring
2.5Easytoservice
4.3 Avoids water poliuting
1.4 Able to track ship bottom [T
8.7 Lightweight
2 4Easyto control

5.8 Small size
4.1 Avoids damage to the underwater plants
4.2 Avoids damage to animals

3.1 Low operationcosts [N H (AR AT
3.3Easy totransport [N EA AR AR G i .
1.5Long operatingtime NI Operating Capacitive
8.9 Movefour degree of freedom
&5 Structure adjustableto balance the hul &= Operating Function
6.6 Obstacle avaid
2 & Failure self buoyancy TN Economy
.11 Us e resistance-to-comode material
6.4well managed power supply ﬁ Environment
5.2 Fail saftremote surveillance 3
3.4Lowcost control system = Operating Safety
1.2 Underwater standstill - Design

3.2 Low energy consumption
6.1 Self navigation
2.3 Autonomous control
E.1 Safty when transport
440uist FHERHEE

1.6Low operatingspeed ||
6.2, Easy add equipment
2.7 Ableto work during nighttime
2.2 Operate remotelywith radio
45 Userenewable energy
6.3 Look beauty

Importance Rating

AMUTENIU 3.1 T2AUANNEIAYUDIANUABINITIUAITLTNY

PNNNUTENDU 3.1 T2AUANNAIAYIOINMUADINITIUATIIU 518013
ANudIRyANdeIn1stunsidu lussruanudiryvesaudeinistunisidauinn fs (1)
able to record video, (2) operating depth up to 10 meters, (3) operate remotely with
cable, and (4) safely when water leakage. szduaudAgUaInNsoIn1stunsldles Ao
(1) look beauty, (2) use renewable energy, (3) operate remotely with radio, and (4) able

to work during night time.
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Design Parameters

3.3 LowCostController

2.3 AutonomousControlilgorithm
4 1.2Depth3ensor [
6.1 CompassSensor&VericalGyroscope
6.7 SmallOverallSize

Operating Capacitive
1.5 PowerSupplyManagement

3 2.1 RemataCableOperate
1.1 10MeterRobot3tructureRobot
.10 UseResistanceT oComosionMatenial
2.4 GraphicUserlrterface
6.8 ConfigurationDesign
27 UnderwaterLights
&.5 AdjustableBuoyancyC orporents
8.2 OpenFrameStructureDesign
3.1 LowEnergyGonsumption
£.1 MainPowerSafetySwitch
4.1 EquippedWithThrusterGuards
6.6 UseStrongButLight'Wei ghtMaterial
6.9 CommunicationSystemDesign
2 4.4zeRechargeableBattery
3.2 EquippedWithEyebolts/TransportiWheel
2.5 3elfBuoyancy3ystemDesign
2.2 RemoteRadioControl
1.3 UnderwaterCamera
6.4 DetailPowerDistributionPlanning
6.3 Beautiful HullFormDesign
4.3 UselowNoiseEledrichotor
B.3PressureHull
5.2 RemoteSurveillanceDesign
4.2 UseCleanEnergy
2 5EquipmentModuleDesign L

Operating Function
Economy
Environment

Operating Safety
Design

E3
L1
et
[
B4

Importance Rank

Relative score (%)

AMUTENIU 3.2 N39ATEAUANLEIAYIINITIHLADS

PNNMUTENDU 3.2 NIFINTEAUANNEIAYIINITIMes (1) Low Cost
Controller, (2) Autonomous Control Algorithm, aglluaudnfityseau 5 Aia (3) Compass
Sensor Vertical Gyroscope, (4) Depth Sensor aglumudfayssiu 4 uazseiuaud1Any
ﬂaaﬁagﬂuizﬁu 1 A8 (1) Equipment Module Design, (2) Use Clean Energy, (3) Use Low
Noise Electric Motor, (4) Remote Surveillance Design, (5) Pressure Hull, wag (6) Beautiful

Hull Form Design.
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A5 3.6 TazBeanITdimesildesniuuriugunlidnludR

ltem | list Design parameters Expected tools
1 2.3 | Autonomous Control Conventional PID and intelligent control
Algorithm
2 3.3 | Low Cost Controller Micro-controller
1.2 | Depth Sensor Pressure sensor
4 5.1 | Compass Sensor & Vertical | Compass sensor, vertical gyroscope
Gyroscope
1.4 | Ultrasonic Sensor Fish finder sonar sensor
6 1.5 | Power Supply Three power supply modules; controller
Management power supply, sensor power supply and
motor driver power supply modules
7 5.7 | Small Overall Size Not bigger than 120x120x120 cm
1.1 | 10-meter Robot Structure | Aluminium alloy
2.1 | Remote Cable Operate 0.9 mm’ d-cores Cable
10 | 2.4 | Graphic User Interface Visual basic
11 | 5.1 | Use Resistance To Aluminium alloy
0 | Corrosion Material
12 | 2.7 | Underwater Lights Tungsten halogen lamp
13 | 3.1 | Low Energy Consumption | Controller low power supply, sensor low
power supply and motor driver low
power supply modules
14 | 4.1 | Equipped With Thruster Aluminium thruster guards
Guards
15 | 5.1 | Main Power Safety Switch | Safety switch
16 | 5.2 | Open Frame Structure Aluminium open frame structure
Design
17 | 5.5 | Adjustable Buoyancy Equipped with buoyancy components, e.g.
Components pressurizable plastic tube, foam
18 | 5.8 | Configuration Design 3-D Balancing shape designed with
SolidWorks
19 | 1.3 | Underwater Camera Digital camera installed inside pressurized

hull

52> Mahasarakham University
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ltem | lst Design parameters

Expected tools

20 2.2 | Remote Radio Control

Not installed, since it is not practical when

the robot is underwater.

21 | 2.6 | Self Buoyancy System

Buoyancy force > gravitational force

Design design
22 | 3.2 | Equipped With Eyebolts & | Eyebolts and transport wheels
Transport Wheel

23 | 4.4 | Use Rechargeable Battery

Use rechargeable battery

24 | 5.4 | Detail Power Distribution

Planning

Three power supply modules; controller
power supply, sensor power supply and

motor driver power supply modules

25 | 5.6 | Use Strong But Light
Weight Material

Aluminium alloy

26 | 5.9 | Communication System

Design

RS232 cable

27 | 4.2 | Use Clean Energy

Use rechargeable battery

28 4.3 | Use Low Noise Electric
Motor

Electric trolling motor

29 5.2 | Remote Surveillance

Design

Signal sending via RS232 cable

30 5.3 | Pressure Hull

Pressurized robot hull

31 | 5.5 | Beautiful Hull Form Design

Balancing-shape hull form designed with

Solid works

32 | 2.5 | Equipment Module Design

Equipments designed in modules and

connected to one another via connectors
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919379 3.6 Iihdeyauldoonuuuairadujusudiiannsaltlunuaiald Fsle
Mnfnwanudsamsvesifnuuasimnensivvesiusudlih deyafisnduillivszney
Hulassadadvueudlit fo amauvesirjudesdouindn Small Overall Size ol
120x120x120 cm Anaannsslunsadeuilugum Beadhern Bealududed e
et muslunisfings wewesilunsiuindeu masduadlussezUszana 10 wns
et muaAuiinuesiusudléi udhineenuuuidosfudelusunsy Solid works

AININUTENDU 3.3

() nmangludaziuveiueuisnludRla

a = : «
Gl"lin‘lﬁ\ﬁ.@ﬂia‘ﬂﬁlll@] Thruster Motor

Underwater lights

underwater Camera

10 meter robot structure
Auwid e
(¥) MweduIwdILUTENB UV UL

AMUTZNBY 3.3 NMNNTBULUIARTILANIINNTZUIUNITVDS QFD Tuniseanuuuueusiien
DR LUIRA
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3.2 NMSUNNANITOBNKUUMANTBURWIAA QFD unadaduriusudldin

nsthwanseaniuumuNIauLLIAn OFD masaduusudlihsnuaase wdos
odgUnsnifieandeadolud
1aLmashuna (Thrusters Motor)
Thrusters Motor 1unewmesluihildusssulunstundou 12 V. 5w
W 6 6 ansafuidlushuemesldivuavedusinuuin 9 47 TRuseiuld 28 Yaus
\Juesussm Minnkota u Classic 28, 12 Vi e‘z‘fqmmia@lﬁlumwﬂizﬂau 3.4 a3
funlwosewneshiiosesdunsinaumsedouit 4 unu (4 degree of freedom)

ANUSENBU 3.4 Walmes Thrusters ﬁiﬁuﬁuauﬂé’fﬁw (Minnkota §u classic28, 12 V)

wigaslaly
gUnsaflun1sanundesesiavusudlsn fafimplunisuyuiions

FISIIABUADULVDIV U UA Lﬁa%’ﬂmamwmmau@ammé]’wjusum‘iﬁﬁfw Uain Ju
aMGIMU_9A LTJH‘UEJ'§ﬂﬁﬁ@mauﬁamEJMUEJ%MEN&WM%% Three-axis angular rate sensor
HleTiues 13642000 fannsansindevspilunsiadeuiild 3 unu dufesuvau(oll), yuf
L (pitch) wagasnSHUmMRAANIG (yaw angle) unuduuuudiles warase(Acceleration)
THlouas LSM303DLM anansafivfisainaviniu +2 ¢ / +4 ¢ / +8 ¢ uazauuusingn
(Magnetic field) ﬁamaagjﬁ +13/+1.9/+25/+4.0/ +47/ 56/ +8.1 n15dedIs
dyarandunuy Ke ﬁimmmmgmmmﬁ (100 kHz) anandafivhaiuainud (400 kHz) i
dsoonauunuy I'C Jududyaaudinea annsogldmunmdszney 3.5
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NEXT

¢ F THE L3G4200D

aMG IMU-9A

AMUIENDU 3.5 UBsA Gyro Ju aMG IMU-9A

Wniirdiannsetind (Compass module ju HMC6352)
TuadiuiirBiannseiindilugu HMC6352 Talunsiniiemiaganid (Heading)
diermuafienaiiusuazdemiil lidEes 3-5 v msdudsdoyaduuuy ' Fadu
doyaauidnea a1unsaguafiamanuuiugl (Accuracy) Tun1se1uen 0.1 aeen diluga

]

o 1

ﬂiULmemmLﬁaqmiqamﬁqagﬂwaiu yMlRAIANUANURANAINTRET 2.5 DN sUTlung

@ a

Wuirdiannsetindldusu HMC6352 dauanslunniuszneu 3.6

AUsENaU 3.6 Wuiiediannselind (Compass module ju HMC6352)

wuwesinnnuanveni1 (Depth sensor)

Tsuweosinarmsiugu E8EB-01C Wumuweinanuduwuuifia liia
mmﬁuiwfwag”imm 0 19 100 Kpa. Tnefirusssuasiudoudivns 1V, 59 5V, deanunseda
AuEnaNARIANNANLE 10 RS Sanmlsenou 3.7 Ausedulidssie 20Ve. £10%
m’mé’fuamgaﬁmmwmﬁwmmiéfé’fmmsﬁ il

PA = PO + pgh (4)

dle P, Ao GRGEGTERY
Py D WS9AULNY (P, = 101,325 Pascal)
p Ao ALMLNLLYYe 9t kg/m3.(p = 1,000 kg/ m’ for fresh water)
¢ e mnusailosanusalifudisesian in m/s (e = 9.806 m/ s)
h fo izﬁummqwmﬁwﬁquu
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120 120
100 100 /
50 / 80
g yd £ o
= 60
gsn a /
& / a0
40 / /
20
20 >
/ o e
0 1 2 3 4 5 6 7 8 9 10 Meter

1 2 3 4 5 Volt

nwUszneu 3.7 wuwesTanuduyiiaiatgu ESEB-01C vila position lug1u 0 to 100 K,

vasnnsdeansliane (RF-Wireless Board)
vedaillddmiunssudsioya andviusudlsluganaiuay ausods
foyanm Toya GPS Teyaiirmavesduiia wazdeyannudn indaypruauuuiafiouaniua
DIUANFNUNITYINU LLazé’aa’mWiadﬁa;‘gaf\]']ﬂuuﬁiﬁﬂmuqmmiLﬂ?{auﬁmmvjuaum‘iﬁﬁfwﬁa&j
melubld nssvdsdeyadusuunsulasdyyia RS232 Tuludyynivgliae (RF-
Wireless) A1l 2.4 GHz §u ET-RF24G V 2.0 v09U3e ETT Useinalng fanmszneu 3.8

s e yyasnilinieuen

< pyasaevl +5vDC

210 RS232

AMUSENOU 3.8 UssANnSaeansidans RS232 to RF-wireless (RF2.4GHz)

N15d9978n189 (Power Supply)
WIAAIT18318n89 (Power Supply) 1W1Nw1‘7i16i”ﬂuvjuauﬂﬁﬁfw gnuUseanidu 3
dyume glrnuuesalulasreulnsaass 19 5V, 12 Ah 9n8lsiiu Thrusters motor 14 12 V.
40 Ah wazdelviuuees 19 5 Ve 12 Ah Tun1siiansanunasansniigas (Power supply) 69
ansalunmusznau 3.9
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L L L —
12 Vg 80 Ah —— ©
O O
~ 5Vge 12 Ah o = 5V 12Ah o — 12 V4 40 Ah
Micro Controller Sensor Thrusters Motor

AMNUIZNBU 3.9 NMNTINNITINNITNITAIT18183 (Power Supply)

nssEUUAIUANMSIN U usudlihSRlulR lumsidendatl 19
wowwosiuau 6 falunmstuindeu unthaesmds dendiedenen diusadld
llasneulnsaiansiu STM 32 fufulilussiusudléh annsadearsseninsivueudls
lugsiuuufusevesaililunisdoanslians (RF-wireless board) nsnsradudiamsjatily
Wufirdidnnseiind (Compass module HMC6352) LazIaruAnveIhieITUEes TnAY
fugu E8EB-01C Faluniindamnusiuian (Gauge pressure) flsnmdsenou 3.10

Antenna

Kev board contol —»| Sofware Host —b‘RF-‘f‘ﬁreless j)\

Water Surface

Antenna

Manitor I

RF-Wireless

Controller STMA2

| i

Gyro sensor | | Camera undewater | | Compass Module | | Gauge Pressure sensor

il

Yaw angle Depth (2)
Driver Motor

AR A

Thrusters Motor

AMUTENRY 3.10 MNTITFUUAIUANNTYINLYBIUEUAlMINSn Ul
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NNMUsENOU 3.11 ieensiadeuiivesusudlmingnludfinoanuuunie QFD
Tun53381 LAADUNLUU 4 DIA1DATY AD ANTUAY MILAY Zy WAUNTNODENAIMILAY Xy baYy
LHRUTIVIMNIMNU Yy WAZANNNTONYUTIEVINTOURAY Zy

Mwdsenau 3.11 firmenisinfeuiivemusuiliuingnludfnesnwuusie QFD

'
1

IINNNTOBNRUUMENTBULLIAA QFD Meiusleingunsalsine Ancsaslus

[
[

Wueualinlaasy weldlunimeasideassil danmuseneay 3.12

MNUsENaU 3.12 wandlAsaasen1soenwuuUneualadnlula
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3.3 A1398NLUUNITAUANSALLLIA

3.3.1 fpuANLUUTilef (PID)

Teazdenlunisaiuauuuuiiled (PID) anunsauuinisnivauesniluaesdiufe
A1U09815ALINISINA (Hardware Target) wazwosnuadlaas (Software Host) Ail#lunas
AuAuNIYLesusulSelulR MeanBendsil

3.3.1.1 915Awasvsing (Hardware target) filtluszuumueu 1@y (CPU) 7
il 32 bit gUnsaimuANNIsTuusudld 1dllasreulnsaiaediu STM32F4 Discovery fi
Iianntulaeustn Aimagin Ussmelng %ﬂﬁdauﬂizﬂawﬁﬂagamﬁau fanndsenau 3.13
wansisdulsznevisasiilasaeulnsaiaeiilunsided

)=

Jugndglil Weusderulwwwes Sensor

AmUseneau 3.13 lulasreulnsaiaassu STM32F4 Discovery

lulasmeulnsalaessu STM32F4 Discovery WaiunlUsunsuatn Module
v Simulink Tulusunsa Matlab sdeindulusunsuiiléunseensulunsvinudunis
AN NANIAAIEASIAINT T T:d'iLmim‘/‘ia&ﬂuiﬂmﬂauimaLaaﬁf%ﬁaﬂfhm%mm (Target)
Fsazidouluzuves Blockset module gnimsmweansvaulummuszney 3.14 4
FUazleenlunIsITIUUTTNO UMY
1) Blockset module I'C iiesududiedidnvsefind (Compass sensor)
FainauandFlunisdeansvesyaduuuy I°C fudililunisdoansie SDA uay SCL Tuansan

a |

ANV VUL

2

6 v

2) Blockset module USART Hi3ouseszwinsneniiamesiv
lulnsroulnsaiaed nsdifidesnisdiranaonfiunesludslilasnenlnsaiass ifions
Uszananatoya ilintayauuuta1ase (Real time)

3) Blockset module discrete PID TifuasnsAmnasimuau PID
druusznoulu module tuazUsznaudnedBunsldsua K, K,Ky uazduna Error figndun

21nils Host Uy AaNfiaimesdeanstin Module USART RX Wiloaunisaauns PID e K, KKy
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wazdune AHANATA (Error) wYNITAUIMAIMINNTEUIUANTAIUANTYEY PID Controller
LLﬁadﬂﬁﬂaaﬂiﬂﬁLmﬁwmeu PWM fisiluganaes Function 38 Blockset module speed
control Fsldtmundeulvlunumuaumsdeufiensdsrvesiusudlii wismioud
zsigeaneuenludiueiadunewes (Motor Driver Board) Tulvisiewnasdu (Thruster
motor) 1u

4) Blockset module speed controtT%Lﬁuﬁauimauﬂ’liﬂ’m@mmi
yhaesiusudliideulvvesnisdsdn PWM soniierinuaaruddlunismuseme ity
((Thruster motor) @ dirl wag dir2 fieglulusunsuazidusimuadianisnisvsuueisesiu
(Thruster motor) dseanlugauasaduneainas (Motor driver board) sigly

5) Blockset module USART Tx lddmsudstayanduludineuiinnes
deguanfimmsvenjusudlfihiidmundeduiiesidnnseding (Compass module Ju
HMC6352) Inglvinananariuresnuwislaas (Software host)

Module: 12C1 ]
Clodk 100kHz Out of date

SDA/SCL Fin: B7/B6

Weijung: 14.08a
Compiler: GNU ARM

Volatile Data Storaged

12G Master Setup

Nene
ase Ts (sec) [sprintf
— W% Buffer heading Stetus
Target Setup. e )

Tsisec) 0.1
Teminstor2

Module: USART3_Tx

Actual heading

out_heading String Buffer Processing2

¥

Compass Sensor

= »
Subsystem

Module: USART2_Rix
P:

READY

disretePID  usa

¥ ¥ ¥ ¥

UART Rzl

Basic WM

g \—’F’DH
a \_p PD1Z PFert: D
Specd (MHe): 100
ot I—bpma Tyre (PF"?E;;:C:S! Pl
—‘—bgm

Digitsl Output!

amUsznev 3.14 amslusunsuieglululasaeulnsaimeinising (Target)

3.3.1.2 gasnualead (Software host) Aediuveslusunsuiivhauuiiaios

powfume Iuansefiamsvonusudlith [deusofuauns PSO fiegluguves Mfile
demugunshauresiusudlii fwsdesdeulusiensaurinielilasroulnsaaeims
19 (Target) MaOANITYINU AN MUTENBU 3.15 & Blockset module Tulusunsuusznaumnie

1) Blockset module Port 15 fusrnuanisideusedearssening endauss
M35inA (Hardware target) Augasnuislaad (Software host) Huae USB waseil 15

2) Blockset module Host serial Tx 1d5835uan K, K uaz Ky flgsunistlou
mn;ﬁ%@mtﬁaﬁ%ﬁqﬁﬂﬂ g15AI5N5LNA (Hardware target)
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3) Blockset module Host serial Rx agthnfiemsjmiihielsnndudia
NITARITNISNG (Hardware Target) HILEAIUUNINTDADURAABSAIBYDSNLIS LTER
(Software host)

4) vunihvereuimestesuasleas (Software Host) fidewluluns
LARINANNSURE WisUTlsuNasEWINeeTl Setpoint unanauaussnieTwanduiia
(Actual heading) vewiusuAtsazuandlu Scope WisuLisunamuieulunisuanay
ilefiaglriuansnaneUaussAA eI (Eror) Tesiirnunisndeuiinuaudasuans
NAMBUAUBIUU Scopel

Fart: COM1E L:I bl
Baud (Bps): 1000000 ouEE
Frame: 8-None-1 Kp
doutle Port: COM15
Host Serial Setup Facet: Binary
Ki Transfer: Bloging
= double Ts {secy: 0
. = =
J |‘| L I [
Pulse Rale Transition e double
Generator
! Host Serial Tx

Slider
Gain Setpoint
| S

5 ’- g .
Manual Switch '<D
T

Obsolete 1! )
Fort: COMAS Actual heading
Packet: Binary double f— > 1
Transfer: Blacing

Ts (seck O

E To Workspace
Scope

=

i

Host Serial Rx

b . 4

AMWUSENBU 3.15 MNsulUSHNSUNUSEUIANAUUABLRLADS TSNS LadR (Software Host)

suwuunsmuAuitlefansaglalunndsznau 3.15 910 setpoint W
Lﬂumf;mmmmmmmﬂmwmmm{[,wuaum“[,mmmaauwiﬂ drur error Alenanauauasil
Aetuarnuassvesefissiiiusudunefiedoudioih (Actual heading) auffuAsu
setpoint fitwuslindariau i error Aldunazgnileulusiauden PID controller Fsasdunn
FAPINANMST 5 dLANSNTIUENE Ko K wag Ky SuldRuandaeiBng ZN-PID turning A1
Disturbance Aedssumuiiiinduifusjusudliih

auns PID WWasunldanuniuau fie

de(t) (5)

X elt) + Ky [e® dt+Kg

ut) = K P

\igagluguves S Domain PID Weulanaaunisi 6

U(s) K,
c(s) = =Kp+—+ Kgs (6)
E(s) S
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Disturbance

!

. error Heading

Set Point  + Underwater Robot
—>( K, + K— +Kys >
- S

A 4

PID controller

Actual Heading

nUsEnaU 3.16 vaanlaezunsusiy (PID Controller)

mﬂaumiw 6 Uz anmauiﬂmmﬂﬂuéh target ¢ N (C) Tu Blockset
module discrete PID &3 Blockset module uf\] 'iumauwm A1 Ko, K, bag Ky WIoUAUAIAIY
Remann (Error) BlUsunsuildamuanunsadeuldianndssneu 3.17

function usat = discretePID(Error, Kp, Ki, Kd)
persistent ul

persistent eold

if isempty(eold)

ul = 0; % integral term

eold= Error;

end

h = 0.005; % Sample time (sec)

uP=Kp* Error;

ul=ul+Ki*n* Error;

uD=Kd/h*( Error -eold);
usat=saturate(uP+ul+uD,-100,100);

eold= Error;

function output = saturate(input, lowlimit, highlimit)
output = input;

if (output > highlimit)

output = highlimit;

elseif (output < lowlimit)

output = lowlimit;

end

aMwUsenau 3.17 TUswnsulu Blockset module discrete PID
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3.3.1.3 n15UsuA1 PID mesn1sdniaesilaad (ZN-PID Turning)
FTnsdnaesilaad (ZN-PID Tuming) WWuiinsnilfilénisexsulunism
msrfmesiiled Milunseuaunisvauvesiususliihifiolfiiaussavslunisnuay
Bsmedasveeiiledanidnsinaesilaad (ZN-PID Turning) axl4m3 3.7 wield
AUIUNIANENT VYT oA

AN 3.7 NIAUINAIENT I8N LER MeIdn1sBnaesilaad (Ziegler Nichols Method)

%ﬁmmamau‘lmama% BRIV aumiﬁi%’ﬁmm
(P) Kp =0.5%K,,
- Kp =0.45*K,,
Ki =1.2/Tu
Kp =0.6%K,,
(PID) Ki =2/Tu
Kd =Tu/8

3.3.2 MsUsuAmslimesimaiuuitledmematia PSO (Particle swarm
optimization technique)

NsmMAmMIsIEwesMmAANlefnewmaila PSO (Particle swarm optimization
technique) WWwsneweansUsuAnie mmdeanssnsIvense K, K, wag Kq filsan
NILUIMIAIAAINANNTSA 8 U 9 iTuaun1vdn F93BmsFuanmstmuadminiives
AuAuAte S1uIuaYNIA (Particle) 11A (Dimension) Asstmii (Weight, w) @1asfi C;
Wz C, WaEAMUATTLIUTOUNTAIUIENER (Iteration) lun13viau Ferdwise Code
Tusunsu azgnifisusnea® vulusunsy Matlab Tuntheng Editor ALy Mfile idle
nszUaunsThuvesunsinindy waalusunsa (PSO online-tuning technique) 2%¥n1s
Avuna K, K, wae Ky deiulugadusunsumunimdseney 3.14 Amsalusunsad
Uszanawauumeiwaslead (Software host) unumstiousn K, K, uag Ky feisuusniou
Tadmils #7803 Random a1 9nlusunsuluduvessesuasleas (Software host) fa
derdayalugseninuainising (Hardware target) wislslasraulnsaiaed vilivuesudlii
WasulUSFiemadi Setpoint fnuaiionisviiau 1 seulEEaAy axvhnsuATine s
oumaliluduus Pbeat uasvhnaifuaiianiaavesoymarualilufuus Gbest 1ireu
TusunTal (Software host) agApERTINABUNATBIARANAA (Error) Lilanaudadandulud
Tusunsudiegludinves Mfile lotharilanesiuasuulsona K, K, wag Ky flazdoudilyl
Tuseusioly msvhauazgnusuiasululunsvihanuwsiazseuauldaiianain Eror) Wy 0
FadulumusuiiuszanSamnns (Performance indices) va4 (PSO online-tuning technique)
Hawafadusoumsvhandismual imun Wiknsuazdnmuazuanidmniioes K, K wae




a8 (PSO online-tuning technique)

a1

Ky Nfigneanin Be9ineazideaiiuiuinmlsznay 3.19 dunaunisauamemaeuia
7

Disturbance

NN

A

Underwater Robot >

PSO parameter Tuner
Set Point 4 K U(s)
K, +—#+K;s >
e S
PID controller
Actual Heading

AMnUsEneaU 3.18 vaenlaazinsun1sumisdwesme (PSO online-tuning PID)

[ =
—

Computer

Set Point

Thrusters Motor

Compass Sensor

AMNUsENBU 3.19 UAenA1¥91U PSO online-tuning PID
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INAMUsENeU 3.18 LanIUaBNn15¥9IU PSO online-tuning PID Anelu
mnsznauliereufinnesiidufinarsisdeuseseninlusunsa M File Tu Matlab
ATeudds PSO ndeuilusunsunmunimiszneu 3.14 nsinlusunsuiiussananauy
gafiuaslear (Software host) Wousesas USB fuvedalulasroulnsaiaes gu STM32
FTlUsunsumunmMUsENaU 3.18 mwaaaﬂﬂiLmﬁuﬁasﬂuiﬂmmuimmaa%mﬁmm (Target)
Tnedl wumesiduiia (Compass Sensor) Wusrimuafiamslumstaiouiivonjusudliii
fluasadunewnas (Motor Driver Board) \usdmaamueuainlulasaeulnsaaasluds
wenesTu (Thrusters Motor) Mlumsduiadousiusudliirlugatimnedifmun

MANUsENBU 3.19 uanTuRBUNSAIANAAABUYeT (PSO online-tuning
technique) Fa3uAuINMSAMUAAT MUAAINTTmeSUBITEUNSAUIN S11IUB YA
uay AUy Mntilsunsuesyinsduiiisesounmadusuduaugluns
WasuuUasweseyma wdhnmssmuumeiladdudmne nieufufuaifveuseynin
Blusuds Pbeat wagifiuAiiffianveseyniarianualilufius Gbest fuvhnisusudeu
MumisreseyMAMNALNIST 8 waz 9 ileasuseunsduudililiagnduludune
flertudmne widildasuanmauaninanisiuaidunavesnou




a3

AAUAAINITITLADS
1. 99UNITATUI

2. IUIUBUNA

3. AsuUsBudy

dusunsrasoamAsuduguAILSIluNIg
WasukUasvaennIf

AuIAAe AT LNe

Yoausaynalilusiuys Pbeat 1iu
avasaunaianualiluiiuys Gbest

a_
Da

c
3.
2
=
<D

LEARINANITATUIE

AMUTENDU 3.20 TURBUNITATUIUMIAIAINBUTDS (PSO online-tuning technique)
33.2.1 ﬁﬁﬂmimmmmzauﬁqmLLUUQQEJ‘Qmﬁ (Particle Swarm Optimization)
Bnslunsmenfiiiga wuukieunia PSO Jaunislunisvinaudsll

\BRURLAYRIDUNAUFRLST AaNNTTN 7

P={x, v, fitness value, Gbest, Pbest} (7)
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dlerimuali
P Aa  AUMAUTENBUMIE Py =PL,P,......P
K Ag  AUIUBUNA
X o Aumsileynaioglullym Wouegluguves
X=X, Xz Xy
d Ao AunuiifvesUym
% o manusilunsedeuiivesoyma Useneusmennines

auvnedlfvasloyn ViV, V... Vg
Fitness Value flo  ANAUMENzauvesayIAty a1unsamwialaain
Wandudmanesadl Fitness value objective function (x)

Gbest Ao AvhunlineunialularANUmINEaNgEn
ne Gbest, ={Gbest,;,Gbest,,...Gbest 4}
pbest Ao AenuIzauANganngueunautadule

1ne Pbest, ={Pbest, Pbest,,...Pbest }
AUN15AUI PSO

Vg =wXv,+c, XX (pbest —x )+ c,Xr, X (gbest —xy) (8)

vy =vy vy, 9)
dlerimuali

V' o Amarndiidnnaldneymeaiutiagu

Vd o menanaiiidnaldaneymesuneu

*d fo  sunsiidunaldaneymasutiagiu

X d fo suntsidnaldaneymeasuneu

w fo  Amsmsdwin Wumsiwesildlunsaauny
NANSENIUTBIAILTiNT U e utfidiva
somuEalunsaueiigtureseynati K ¢

C, LAy C, Ao mAsiisnsnsdlunsaum

r, LAY 1, A ABavdyu (Random number) FaflAnsewing 0 fia 1
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nMwusenau 3.21 LLNuﬂ’]Wﬂ’]’iﬁu%’ﬁ’Jj@;ﬂaﬂl@ﬂ PSO [24]

Taovhluuds msdumenfimnzandigaves PSO Saosguuuufe [23,26)

1) 3Uuuvana (Global version) T¥n1siUseulfiguiuvitsvaseunausag s
ﬁ’w‘f’nmﬂqﬁaﬁam’ma (Global best position) &afifie ﬁWmeﬁﬁﬁamﬁmﬁg@mﬁuwu
AMnUsENaU 3.22 (1) wanslriuwuulasassana (Gtoba topotogy) %30 Gbest modet

2) 'i‘lJLL‘U‘ULaW%‘V] (Local version) miaamimmumumqmwmmmm
\anznau (Neighbors’ best position) Ssvsnefis sumausazideasiuoumasduaniy
mqéf’;ﬁgnLﬁaﬂmimﬁ%mi‘m%mswﬁqLLé”swhﬂi’u ANUIENDU 3.22 () hansliiuLuy
Tassadraanzd (Local topology) %38 (Lbest model) Tugduiuuunu

(1) gbest topology (v) Ibest topology

AMUTENBU 3.22 WuUlATeas9vedeuna [24]

F PSO wuumAsyY [24] suvsisiiaigaanagnlfiduundsteyaiierily
Anstorulurs nsldmumisiiananannatihangnsvilreynelugsiumndsmiuogiemnd
ylvoynaRneglugaiiAfigaaned feqnseuties PSO wmsgiu vlsinideusuuseis
PSO wuulmiqlasnsldmumisipfigaiemiznguiuusiieg [35-36] wiunsldmumisiaian
a1na
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3.3.2.2 silsEaANSAmNsvIeudmsu PSO
Autiuseansnm Aetlanduvesnawivetianain n1smuseansninlunis
yhaushmuau filssunseeusuindunsdsuidiuddidian dsdlunsmen PSO luns
AuAuusURlA Tl AuTRudvesARnnaIndiysal (integral Absolute Error : IAE) fviun
Tagaunnsdi 10

.
e = [lect)lt (10)
0

Taef IAE AU vnYalanaInfuUaLLUAIAMURANAIALUEI99IN 0 D9 T
lnefl T fio Arfiaadnazidue settling time vasiAiuAu

Pl
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uni 4
NANISNNAdIazN15anUsne
4.1 Nan1sNNaad

TumsifensesnuuuuazastwusudsaluliFlét munseuwdn OFD (Quality
function deployment ) kaz38n15AUANKUUEALLLR TunsAANIANUABINITVRININTLTE
ny dfnenAfoussiaummsdolne aunsnagunanismanedlésd

4.1.1 wansaaessimuaudnsveeiledlngldnaiinves@naesilaad
(Ziegler Nichols)
msmamuausnsveeiiloflunuideild auns PID Woegluguves S
Domain fsaunisd 1 Wusunuulunisdunei

de(t)
un =K, X e + K Jedt + K, (1)
dt
U(s) K.
c(s) = =K, + —+ Ks (2)
E(s) s

o a @ Y Al . .
INaUN1T YN Teuudennismuaudnsveeitestu Simulink module vas
matlab lasannusznau 4.1

Kp

h 4

Slider
Gain

] Set Point
1 200 + ' Err:»rI KTs P
Ki —
17 - I

T

¥

¥
+

Yy

z-1
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Disorete-Time

Integrator
Kd Ksz-1 )
@ 152
Compass I Discrete Derivative

Actual heading
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T
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Tunsmamnsiweivesmauaulagldneiavesdnaesilaad (Ziegler
Nichols) fidumeunissiiunsded
Fupoud 1 dumerlunisdnaenisdoud K, Tngfmmuasn K uazen
Ky AU 0 udaresqUiua K, IituauAnnisunis (Oscillate) Hanauauovasiia
Man1seniin (Heading) fanmysenau 4.2 Fannnismeaeslirfananives Ky wiiu 40
MUANTI 4.1

120

Z-H Tuming
T T T L 1
Setpoint
— Actual
100+ 9

A AR ASCAR AL AL AR AR
VAAVA' SVAIEVARVEAVAIAVAT

40 E
ik"‘ULtimate period (Tu) = 11 Sec

Dagee
a
=
-
-L'\-
=]

20

Kk, =40

Q 10 30 50 70 90 110 130 {isp 170 190
Time (sec)

AUsEnev 4.2 nanauaueafianensymtileitnisteu Gain wiriu 40

A58 4.1 NMIAUINANERIITENeMeaTnaestlaad (Ziegler Nichols)

AanuANNlaf 9NI1VYY HUNTATUIUINTIVEIY
(P) Kp =O.S*KU
K =0.45*K
(PI) - -
Ki =1.2/TU
Ko ~0.6%K,
(PID) K =2/Tu
Ky =Tu/8
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Fumeudl 2 ThnseamASnsves 99ne15 4.1
PMNUIENBU 4.2 K= 40, Tu = 23-12=11 U9
nsdhdusmuauuuu P A1 K, = (0.5%40) = 20
nsdhdusmuauwuy Pl A1 K, = (0.45%40) = 18, K = (1.2/11) = 0.109
waznsalusinuAmuu PID A1 K, = (0.6%40) = 24, K, = (2/11) = 0.181, K4 = (11/8) = 1.375

M3 4.2 ANBnsIeeinIuANilefluUTNaesilaad (Ziegler Nichols)

AanuANNlan 9NT1VYY

) K,=20

K,=18

(PI)

K = 0.109

Ko= 24
(PID) K= 0.181
Kg=1.375

Fupeudi 3 thendnsuens Kp, Ki way Kd fildunanndunewdi 2 Jeulwiu

(%

feauRu PID Tagsis SetPoint 1571 130 wag 100 e Isnanovaussfinmdszneu 4.3

ZN-PID

I
Setpoint
— IN-PID

S S S — A— S—

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

Degree

Time (sec)

AMUIENDU 4.3 NanaUauaiAn9N1smtmeTsanaesillaad (Ziegler Nichols)

NMMUIENOU 4.2 WuinanauauediAnaiy (Overshoot) =6.7 % AL1a18A
@una (Settling time) =3.4 Juniuazll AANURANAIATBIANUEAIRT (Steady state error) =
0.5 99A9 setpoint 130 831
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4.1.2 wansvinABIFIAUANLUY PID IvsuAmsfineslngliinata PSO

wuueaulail (PSO online-tuning technique)
nsamsiweslagldimatin  PSO wuveesulail (PSO online-tuning

technique) ﬁ'?uﬁmmmﬂiumiaaﬂLmuﬁmmmimuammaLﬁuLWiw‘luaﬁm ANUEINTOVDY
frelnsataesiauilunisusssnana shlridedduuudiassnsihauresgiuneass
NOULILINARBIAUIIUII 9’1’38mmmaﬁfmé’mmﬁqﬁﬁfj’umNﬂﬂimmam%mm%mmam fidoanns
AIUANNBY Fadudsisrunnmszanmusissaiuanmuuusiassuuaneiuin Tueise
uwEnmmmumLuumimmamwmmmmmummwiadimslﬁammﬂ PSO wuueeaulail (PSO
online tuning technique) AsozdearnundesduluduneunisAuinmes PSO Ao N5
AmuaduILeynIA (Particle) vwa (Dimension) Anaemiin (Weight, w) AT C, uay
C, WA IMUIUTBUNTAUINGER (Iteration) lunisviau Feannsarmunlasmisis 4.3

| Aa

M54 4.3 A5 Tmesved PSO TunisusuAninanvesdnsiveneiiled (PSO online-tuning)

ATNISITADT ANfile
d11uUNA (Particle) 30
PUR (Dimension) 2
fnghaimidn (Weight w) W 0.9, W, =0.4
Al €, uae G, 0.7,0.7
F1UIUTBUNITATLINGER (Iteration) 60

Nan1sUSuAISTmesee PSO online-tuning luvaueiinna aaUSuAaEnTag
Talunwuszneu 4.4 §8 4.12

120 T T T T T T T T T ‘60 T T T T T T T T T
Setpiont _Error
Actual
100 + B 40 .

g o ‘-ﬂw g 0 TP | yuq - n
400 , ok
20 4 -40
UU D.IZ Djﬂ. 0:6 0‘.8 1‘.0 1‘.2 1.‘4 1.‘6 I.ZB 2 _500 DI.Z 0:4 0‘.6 DI.B 1‘.0 1.‘2 1‘.4 1‘.6 1.‘8 2
Time (sec) Time (sec)
(n) Airm1an158jantdn (Heading) (v) AAuEANAIA (Error)

ANUTZNBY 4.4 Han1TUSUAINNTIEWs A8 PSO online-tuning 7taan 0.00 ¥
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120 T T T
Setpiont
Actual
100 R
80+
8 T, B, LN
lr——
2 60 e 1 B
=}
40+
20
0 | | | | | | | | |
0 02 04 06 08 10 12 14 16 18 2
Time (sec)

(n) Airm1an158jantdn (Heading)

Error

60 —
40 - -
20
0 :—._r—J-"MﬁM__ -
e
—on b
-40
- 60 . . . . . . . . .
0 0.2 04 06 08 1.0 12 14 16 1.8 2
Time (sec)

(@) AANURANAIR (Error)

ANUTENBY 4.5 Han1TUSuANNTIEeIAY PSO online-tuning #itian 0.27 w1l

120

100

80

60

Degee

40+

20

Setpiont
Actual

I R

0 0.2 04 08

i4 16 18 2

L L L
0.8 1.0 1.2

Time (sec)

(n) Airm1an158jantin (Heading)

60

40

20 -

Error
=

-20 +

-40

- 60

L e _— ih'lr"__.
W '
L L L I L I L L L
02 04 06 08 1.0 12 14 16 18 2
Time (sec)

(@) AANURANAIR (Error)

ANUTZNBY 4.6 Han1TUSUATNNTIENEIAY PSO online-tuning 91taa1 0.54 Uil

120 T T T
Setpiont
Actual
100 _
80 4
o P —
2 60 e l":q""—r
(=]
40 B
20 B
0 . . . . . . . . .
0 0.2 0.4 06 08 10 12 14 1.6 1.8 2
Tirme (sec)

(n) Airm1an158jantdn (Heading)

60 ‘ '
40 -
20}
Z a
2 e -
a0k
-40
- 60 ! L L L L L ! ! L
0 o0z 04 06 08 L0 1z 14 16 18 2
Time (sec)

(@) AANURANAIR (Error)

ANUTZNBY 4.7 Han1sUSuANNIEe3aY PSO online-tuning #itian 1.21 w1
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L
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T T
Error

L
0 0.2

L L L I I
10 1.2 14 16 18 2

Time (sec)

L ! !
04 06 08

(@) AANURANAIA (Error)

ANUTENBY 4.8 Nan1TUSUATNNTIENeIAY PSO online-tuning 91tan 1.48 Junil
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80+

Setpiont
Actual

Degee
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40F
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0

!
0 0.2

L
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L
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201
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(@) AANURANAIR (Error)

ANUTENBY 4.9 Han1sUSuATNNTIENeIAY PSO online-tuning 91taan 2.15 Uil
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L
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L
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L
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!
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Error
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! L L
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(@) AANURANAIR (Error)

ANUTZNBY 4.10 Han1sUsuAINITIEme$aI8 PSO online-tuning #kian 2.42 3w

> Mahasarakham University



120

100 F

80

60

Degee

40t

20

120

100

80

60

Degee

401

20

0

0

Setpiont
Actual

0

L
0.2

L
0.4

L
0.6

L
0.8

Time (sec)

L
1.0

L L
1.2 14

L L
16 1.8 2

(n) AirM1an158jantdn (Heading)

Setpiont
Actual

0

L
0.2

L
0.4

L
0.6

L
0.8

Time (sec)

L
1.0

L L
1.2 1.4

L L
1.6 1.8 2

(n) Airm1an153jantdn (Heading)
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L
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(@) AANURANAIR (Error)

ANUsENeU 4.11 Han1susuAmnIsiee$aig PSO online-tuning #1L3a1 3.09 3w

T —
Errar

0

!
0.2

L
0.4

L
0.6

L
0.8

L
1.0

L
1.2

Time (sec)

L
1.4

L L
1.6 1.8 2

(@) AANURANAIR (Error)

ANUTENBY 4.12 Han1susuAmInIsime$aig PSO online-tuning #1L3a1 3.36 AW

M3LAReUYBIBYAA (Particle) Tunsmsumusdnsvens K, K wag Ky21n
AMUIENDU 4.14 B9 4.18 leuanuanzludivesinumiednsvens K, vaismasu
ANNSEMes (PSO online-tuning technique) LW@LLam‘mewqmniiumimaaummaumﬂm
iﬂmmmmwmmm ‘LumimmmqLLinmaumﬂamwma K, 93niTeadnsly

awUseneu 4.13 Tuaaiedi (PSO online-tuning technique) ¥ina1ufIauIA (Particle) zunn
meaniilanNuNmuliaNgavateunia (Particle) ulamunisdnanluiuiufazsouuas
gavneazmdemunisluiuiananmunisfesiufemansveny K, iuwlanananvesm

irneifaniin (Heading) 71 60 a4en
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mﬂmiﬂ%’umLﬁamﬁi’wmeﬁuﬁﬁaﬁqmmwmﬂ (Particle) tiloduaueynia
o aifufidudedidfiaandsiumis nanavaussan Error agiiduvinfugug Wdunsm
WUAAIFININUTZNBU 4.19 WU PSO online-tuning technique Jlouanmanauauase
AuRanaIa(Erron)= 0 tumnefansusumumisiiufifiafiaevesoynia (Particle)
Shsnveneann K, K way Ky fidushssymfmney dlusunsuaslidmeuiiiudnives
K,=21.58, K=1.04 uaz Ky=3.78 ponununiziisaen setpoint 137 60 e

Average fitness value
T T T

0.8 B

0.6F B

04t .

02r B

Error (MSE)
o

D2F 4

ND4F 4

06} m

08F 4

Generation

ANUTENDU 4.19 Hanauauead PSO online-tuning technique AL LAAINATDIANAIUEANAA
(Error)= 0

A1ERI1VENENANANAINTUNBUNITNIANTBS PSO Laun K,=21.58, K=1.04 Wag
Ks=3.78 #1 setpoint iU 60 a3 Lilenefsnaanteulviusiamuay PID agle
HANBUALBINIIAIUANTIANIANTTH N (Heading) flanmusenau 4.20
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PSO-PID

1607

150

140

130

120

Degree

M0

100

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Setpoint

Time (sec)

AnUsenaU 4.20 Han15mauauad PSO online-tuning fien setpoint VAU 160, 100, 140
ae 80 89An

IINANUTENDU 4.20 @1U15091UANNANDUAUBILANINAISIS 4.4

»1919 4.4 mamauauawmmimwmé’wﬁa PSO online — tuning PID

58

NARBUAUDY 160 2471 100 2471 140 241 80 99AN
Overshoot (%) 0 (%) 0 (%) 0 (%) 0 (%)
Settling time (sec) 1.5 (sec) 1.4 (sec) 1.3 (sec) 1.4 (sec)
Steady state error 0 99N 0 99N 0 99N 0 89N

4.2 n15aaUsIgna

N158ONIUY WL uazmUANLUUS RS szd mSUuEuRlsSRluR 1sduns
ANWIAUAIINIUNITOBNLUUAET5N1T QFD (Quality Function Deployment) Wiaun15u1
AsfiimeslunisAauay WUy PSO online-tuning ansnsnefusienaldrail

4.2.1 N1999NLUUNTOULUIAA QFD (Quality Function Deployment) iﬁﬁagﬂaﬁﬁ
audnulunisesnuuy uaznsad GedeilunisesnuuusenseunAn QFD Ao viugud
filsvhnseenuuuiazauassanevauesiuaudesnslunsldivesfldnulaods
asudhu dndeidelunsmeuauadumslinudueegluiussesinanis dedinnudsy
audosnstunsldanluel vusudlidhilldesnuuulunfiusnenadoadsuguinmie
Snwnrnaviaulvl idesnmaaueenudenisluadusneliaseuaguanudesnisly

AslguATIse kU
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4.2.2 M3UFuAdnTveneveiinIuaNiilafsieTsvesdnaesiilaad Ziegler
Nichols (ZN-PID) l@ménsnuens Ke = 24, K, = 0.181 wag Ky = 1.375 duasnsivenedils
31NNFUTUAINIETS PSO (PSO online-tuning) 19dnsueny K,=21.58, K=1.04 uag K,=3.78
fananauauasvesiianansmin (Heading) Wisuifiauanitsaesisdinduans
PanmUsEneau 4.21

ZN-PID PSO-PID

I
! Setpoint
; : : : —— ZNPID
e [ T —— PSO-PID
Roe 1 = S E OO
130 = g ' : ¢ F
Lt T | o e SLRLCOE R R e H
H ! ' ! ' !
L o pesnrrreennn s Fremrrrressnnrsessnssen s !
= i ' i ' i
[=]
100 [ oo memmmmmm st ‘U"‘ oo SRR EEEREe Bosennons s —
0 [ e e R =
] o b e -
PO e e S oo Do L
10 20 30 40 50

Time (sec)

AUsENU 4.21 WIEUWEUNaN1SABUALBIWRIRIAUAN PSO online-tuning PID uag
ZN- PID #1A1 setpoint VAU 130 Way 100 836

AMUTENBU 4.22 UAAIINNTNIYIENSUTEUTIBUNANINBUANBITENIN FIATUAL
PSO online-tuning PID uag ZN-PID mnmwwudwéhmuqm PSO online-tuning PID @1u138
Wiieman1symiinlg setpoint 91 130 asrldiamsandy dmauau ZN-PID

ZNFID PSO-PID
| /\\ | 1 1
130 : AR b

A R R e e -

Degree

. e e e -

e — S — S N — A— .
H : : : : : SetPoint
L e e e PSOPID ||
| | | | | |
W [ e, e, e, e, b ] o
1.2 1.6 2 2.4 2.8 3.2 3.6
Time (sec)

AMUTENBU 4.22 NMNIBUTEULTIBUNANITABUALBIYBIAIAIUAL PSO online-tuning PID
waz ZN- PID 71A1 setpoint iy 130 996
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M13719 4.5 LaRINISUTHUTIEURANBUANBINITATUANYBIFIAIUANIINAMNUTENBY
4.22 Fsgiiuindrdimuny ZN-PID Sy (Overshoot) = 16.7 % AIaNgANLALAR
(Settling time) = 2.2 7Yl LAZAIAINRANAINUDIANIULAIAT (Steady state error) = 0.5
297N dIUAFIAIUAN PSO online-tuning PID A¥aiiu (Overshoot) =0 % ALaNgAINY
duna (Settling time)=1.3 W19 Wag AIAIURANAIAVDIAATUEAIAT (Steady state error) = 0
997 setpoint WU 130 4 anandlviiiufalsyavsamifniivesneuasuuy PSO

online-tuning PID

A58 4.5 Wisuiflsunaneuauasiiléann ZN-PID uaz PSO online-tuning PID 7 setpoint

WINAU 130 291

Tuning Overshoot | Settlingtime | Steady state error
(%) (seq) (degree)
ZN-PID 16.7 2.2 0.5
PSO online-tuning PID 0 1.3 0
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unil 5
A3Uka wazdolduauue
5.1 d3Una

nseenuuukar L vueudlfhsaluTRndill doasudmeandendeluid

5.1.1 eenuuuuazai vusudlihdnludfnunseuunfia QFD (Quality
Function Deployment) iiudagaaingldauaindrinnuidouasiamnnmsiselne 1Ju
Hitoyauaninnudndfiusararudesnislumslinusuiu 36 au ndouisende
Ademglumsiiesgiimsdimeslunsoonuuudu 9 au Feausaasunand
fosnsvesldnuldgnuiseendu 6 Wdendn fe Operating capacity, Operating
function, Environment, Economy, Operating safety, Design WUszAUANNEIAQYUDY
AnuRpin1stunsldnu dsemsaudiryanusesnistunisldou Tu szauanuddgy
YBIAMUABINTIUNTI9UUIN Ae (1) able to record video, (2) operating depth
up to 10 meters, (3) operate remotely with cable, and (4) safely when water
leakage. TEAUAMNEIAYIDIANUABINISTIUATTITUOY D (1) look beauty, (2) use
renewable energy, (3) operate remotely with radio, and (4) able to work during
night time @UAINITITNOTIUNITODNLUUNUINNITIATZAUANUEIAYVBINITITLADT
(1) Low Cost Controller, (2) Autonomous Control Algorithm, a&ﬂummﬁ’]ﬁiywﬁu 5
(3) Compass Sensor Vertical Gyroscope, (4) Depth Sensor agluniudfysedu 4
LLazizﬁummﬁﬁiyﬁaaﬁasﬂuizﬁu 1 Ao (1) Equipment Module Design, (2) Use
Clean Energy, (3) Use Low Noise Electric Motor, (4) Remote Surveillance Design,
(5) Pressure Hull, wag (6) Beautiful Hull Form Design. %ﬂLﬂuﬁﬂﬁQ}L%mmiMﬂﬁﬂﬂﬁ
anuAniugenadestulUlumadsaiu Wethuaanmseneinindenlifanuazeunsain
yhnseenuuuiiusmusndliimuh usudlithiladadulienugniomsstunnudomns
Tunsldanuiunsiammsiselvennitennusenistunisldau

5.1.2 mMIeenuuUsrUUmuAMueuslihsnluTRlagld Fnsusumdnsuens
wuu Fnwaesillaad Ziegler Nichols (ZN-PID method) fMeA18ns1weny Ke = 24, K =
0.181 uag Ky = 1375 WamauaussiAn19an1syami (Heading) WUIWARDUALDIT
setpoint 7 130 8epn & AmanY (Overshoot) =7.1 % eAIaEANNANAR (Settling
time) = 2.2 Aulaydl AIANURANAINTDIANIUYASAY (Steady state error) = 0.5
03 FwmanouauestuausnthlUlFnulilusedud viefimnamsymih (Heading)
witu udidlefinsidsufiamanisjiii (Heading) lussfiavnsdu wuimaneuauosves
AMaNY (Overshoot), AAgANNENRa (Settling time) WA ANURANAIAVBIANULAY
fn (Steady state error) ﬁuLUﬁlEJuiiJm’mﬁﬁwmﬂ’linjmﬁ’l
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5.1.3 mspenuuuszuumuARusudlihdnlualagld Finsusumsaues
wuvoeulatvesiimuauiilefsnieg PSO (PSO-PID gains online-tuning method) 1o
K,=26.58, K=1.04 uay K,=3.78 wameuauaiiAn1an1symii (Heading) il 130 99
Ay (Overshoot) 0 % A1 ALIAIEANALAR (Settling time)=1.3 Ju1¥l Uage
AUEANAIAVBIANIULAIAD (Steady state error) = 0 897 FananouausnUdsudi
mansjavth (Heading) lugsiiavnadu agliiAnnaneuaussvosajaiiu (Overshoot)
wilauiianainties 1 Wedldud daumAniaigaiuauna (Settling time) awiUdeu
syozanthdslumaiiamaiignilasuangaiisluunyidetes fuddsuaings setpoint
Wilusaa setpoint Tminnn AangauaNna (Settling time) Arfvyldszovinaniiuiu
N nsasuaINgn setpoint 1alunaa setpoint Twifitiesndt uay FmuAawain
YoIENUEA (Steady state error) Aftaadu 0 aem ARANaIAUTEINM 1 DY
FrfuanniseenuuuszuUmUANuBuAliSelulR lunsitetinuiisnsinfaede
BnsUSuAdnsvensuuveaulatvaiiniuaNiilefisie PSO (PSO-PID Gains Online-
Tuning method)

5.2 UaLauBLUY

5.2.1.1 myeluFesenjusudliiludedlnedilifsuetrunivansinidoans
Tianuaulalun1spruaiicensouluiAn QFD (Quality Function Deployment)
Tuwsazansfafildeounszasldvusudliifdassiuanudonis wasimudemunuyusus
T lATisyavsnndenisth oy useAng (Artificial Intelligence) Buq 1w
Wigumey

52.1.2 nMawaweenuuiusudlihAdiduiunissnnniian fe nsmiEnms
Bostuhlalidfisvusudlithasisnemadilluindosnuay ileagldduns
sevduaztioatutidnde madeudeaissewing Thrusters Motor fuuasas sty
desevasauvzdasiulmiuegiag

5.2.1.3 mssonuuuusudliirdnluifasdesiifmmnuUasnfouaznisine
sysuvrilubuazdn it Fafumsdenl¥fanfifianudumunistaniou nadeussdaeinia
Tuthensidu Steel alloy

5.2.1.4 mspenuuuszuuAUANLELAld ST Rnsld Bnsuiumsnsues
wuvesulatvesimuauiilefsig PSO (PSO-PID gains online-tuning method)
iszagiTlinsdngs setpoint dognefiusedninm msflagimuinismmsfiwesuuy
goulay feIsAuiinAy Wy GA, Bee colony, Ant colony Judiu
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TWswnsu PSO tuning PID ideuludauwes M File
clear

clc

close all

iterations = 60;

inertia = 1;

correction_factor = 2.0;

swarm_size = 30;

ave_fit = [J;

for i=1:swarm_size

swarm(i,1,1) = i; % pl

swarm(i,1,2) = i; % p2

swarm(i,1,3) = swarm_size - i; % p2
end
swarm(;, 4, 1) = 1000; % best value so far
swarm(;, 2, :) = 0; % initial velocity

swarm(;,3,1) = swarm(;,1,1); % initial Pbest X
swarm(;,3,2) = swarm(;,1,2); % initial Pbest Y
swarm(;,3,3) = swarm(;,1,3); % initial Pbest z
%% Plotting the swarm first time only
clf
plot(swarm(;, 1, 1), swarm(;, 1, 2), 'x') % drawing swarm movements
axis([-2 30 -2 30));
for iter = 1 : iterations
disp(strcat(iteration =', num2str(iter)));
%-- evaluating position & quality ---
fori=1:swarm size
x = swarm(i, 1, 1); % p1
y = swarm(i, 1, 2); % p2
z = swarm(i, 1, 3); % p3
Kp = x;
Ki =y;
Kd = z;
sim('PID1");
val = sum(abs(err(;,2)))/length(err(:,2));
if val < swarm(i, 4, 1) % if new position is better

swarm(i, 3, 1) = swarm(i, 1, 1); % update best x,

g
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swarm(i, 3, 2) = swarm(i, 1, 2); % best y postions

swarm(i, 3, 3) = swarm(i, 1, 3); % best z postions

swarm(i, 4, 1) = val; % and best value
end
end
[temp, gbest] = min(swarm(:, 4, 1)); % global best position

% Average fitness
ave_fit = [ave_fit;sum(swarm(;, 4, 1))/swarm_size;];
%--- updating velocity vectors
fori=1:swarm size
swarm(i, 2, 1) = rand*inertia*swarm(i, 2, 1) + correction_factor*rand*(swarm(i, 3, 1)
- swarm(i, 1, 1)) + correction_factor*rand*(swarm(gbest, 3, 1) - swarm(i, 1, 1)); %x
velocity component
swarm(i, 2, 2) = rand*inertia*swarm(i, 2, 2) + correction_factor*rand*(swarm(, 3, 2)
- swarm(i, 1, 2)) + correction_factor*rand*(swarm(gbest, 3, 2) - swarm(, 1, 2)); oy
velocity component
swarm(i, 2, 3) = rand*inertia*swarm(i, 2, 3) + correction_factor*rand*(swarm(i, 3, 3)
- swarm(i, 1, 3)) + correction_factor*rand*(swarm(gbest, 3, 3) - swarm(i, 1, 3)); %z
velocity component
swarm(i, 1, 1) = swarm(j, 1, 1) + swarm(i, 2, 1)/1.3;  %update x position
swarm(i, 1, 2) = swarm(j, 1, 2) + swarm(i, 2, 2)/1.3;  %update y position
swarm(i, 1, 3) = swarm(j, 1, 3) + swarm(i, 2, 2)/1.3;  %update z position
end
% Plotting the swarm
clf
plot(swarm(:;, 1, 1), swarm(;, 1, 2), 'X') % drawing swarm movements
axis([-2 30 -2 30));
pause(.01)
end
bestX = swarm(gbest, 3, 1);
bestY = swarm(gbest, 3, 2);
bestz = swarm(gbest, 3, 3);
bestX = strcat('gbest = ,num2str(bestX));
bestY = strcat(pbest = ',num2str(bestY)),
bestz = strcat('‘pbest = ',num2str(bestz));
disp(strvcat('======End======="bestX bestY,bestz'================),

figure




plot(ave fit);

title('‘Average fitness value);
ylabel('Error (MSE));
xlabel('Generation");
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