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Keywords: AGV/Image Processing/Measure Distance By Webcam

A warehouse is considered another rapidly developing area due to the high
demand from E-Commerce businesses today. This demand arises from consumers
increasingly ordering products through online channels. Data collection shows that
there has been an average annual growth of 26% over the past three years from 2020
to 2023, according to research from the Kasikorn Research Center. This makes
warehouse management more complex, necessitating the use of technology to aid in
operations. One widely used technology in the logistics industry is the Automated
Guided Vehicle (AGV), AGVs navigate along predefined paths without colliding with
obstacles, using methods such as following lines, lasers, or camera guidance. They
accurately move heavy goods and equipment but have the drawback of being quite
expensive due to the numerous sensors and navigation systems involved. Researchers
are interested in designing a control system for a follower AGV, which moves by
following a leader AGV that receives movement instructions from the user. The system
uses a camera and distance sensors as primary detection methods to reduce the
number of sensors and thus lower the cost of AGVs. The camera's role is to detect
specific QR code symbols attached to the leader AGV, which can be detected from up
to 150 centimeters away. The distance sensor maintains a distance of 30 to 150
centimeters between the leader and follower AGVs. The leader AGY must not exceed
a speed of 1 meter per second and uses infrared sensors to signal when to dock at a
station upon completing its tracking mission. The docking station should have a
tolerance of plus or minus 30 centimeters on both the left and right sides, relative to

the follower AGV.
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STULAMBULDTINTEUL LAZAILNISOAADUTNDDNAIINANITALIBISUAUNITAIRANIL WAL

WIBaUNSNIRANNLAILTANDA AN TIaR lRBE19ugn

1.2 IngUsranvaeuidey
1.2.1 LﬁaﬁﬂmLLazﬁwu’]izuumuqmmﬁﬂ’aﬁULgml,ﬂ?{auﬁmmﬁaa@mmwu AGV
122 iefnwuasiniuinisnsaduingiidendeufiinnuseidu
123 ilefnwuasimuinisinmnszermaedouiifanuiodusedinsses
124 efnwuasiainsiedeuiieenananifuaziirvesluanfilousy

LarAUAnNTENARANLLUUBRLUITR

1.3 98ULUANISIY

1.3.1 aaﬂufumwumuqm@mmmmimﬁlauﬁmmm AGV famnu Tnewad audl
fanu AGY fthdenisUsfuaeasedent

132 pdsufiinnusa AGV fthlnnisdnwnszesdaud 30 - 150 wuRlunsaae
nstidueas Ultrasonic waznasaludiinseey

133 ldndeaduidulummaduingameianzasiined v AGY fauh 1ileds
MsvsRuLAEIdeEouTh

1.3.4  AUS909 AGV fndianuisqluiu 1 wesseduni

= ada v
1.4 S51U8UI5¥
141  swnudesyanuddeineatesiunisvefuiiel Tnseey waen13nsIaduing

142  Anwdeyaiedfiunsdeduideivesiueus AGV

¥ ¥

143  Fnwdeyaineniun1snsiaduingmenaes

q

144  Fnwideyaieniunisinsseziied@uges Ultrasonic
145  99NLUUNISVAADITBININTRIUINGIUAMUTUREITILANA
1.4.6  ponLUUNIINAaBINISIdanlddulwesinsreslulssinnane 9 ea

N NN

o

1.47 AU UsnsuNIEns193 umazAnmIu AGY fid1in

£
= [

1.4.8  yMMvegeun1svnIuedlusunsunlanmuTuaansayinaulanuteuly

149  asunanmsfinuiuazdnvindelausuuy
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1.5  d@auiianiuaulde
unIngrdemaluladagsus 111 auuun1Ing1dy fuagsuns eunstiies Jamin

YATIIVEANT 30000

1.6 w3esdefildlunsinide
1.6.1  mini pc Dell Optix 1 tA384
162 veinAIuAY Arduino UNO 1 Uain
163 vUainAIUAN Arduino Mega 2560 1 Ua3n
1.6.4 nan9 Intel deep D495 camera 1 %u
1.6.5 Ultrasonic sensor 1 %‘u
1.6.6  Infrared Photoelectric Sensors 1 %u
167 9evi@EnIu Nextion vuia 5 i
168 wumnaisauiew 48 v

1.6.9  UWNUEEVIDULEIUWIA 20 X 20 LWUALLAT

1.7 Uslewiiiaadnazldsu

171 annsathszuumugunsiadsuvesusudfmmuliiadoudiinmu AGY
i Ieegrsgndesuazutiugputouluiiivun

17.2  aunsoasndudydnualionzinnzadifinediu AGY sathsedtudisindes
Jusngag

173 aafunuiusudiadeuil AGV fAnnuiltlugnannssu lasnnsandiuu
Juwesfisleglu AGY Jagiiu

174 aunsnedeufieenainaniuasidisenluandidedudunazdugnniszia

AARULUUDM LR
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USNALIT5UNTSULAZIUINNYITD

2.1 ANUNUI8UDY AGV (Automated Guided Vehicle)

AGV (Automated Guided Vehicles) #39 seuvvUdInazanassdua1onlula 1y

[ a

walulagviugudindouiiliaudy (AMR) Useianuils viwmthitlunisuudesingAuwasduen

9

melulssny adsdum uwavaudnszanedud Meiiunandn AnuUasndy uazUssansnw
N3eumENsinTEUUInns TaniuuanlugRuly
211 s2UUMSIINeYRL AGY
szuvthmsiildlu AV Taehlu wiseenléifu 5 Ussinvmdn
2.1.1.1 wauudlnan
s aimeiiSeudouazinenliuns wouwivanilsegluiiu

[y 1 ® Y < Y o v aad o v A aAaa
ey AGV G]i')f\]ﬁ]‘ULLO‘ULLQJLV&ﬂWJEJL“(JULGII?JﬂG]G]'Jiﬂ ANTUN 2.1 I UNUIEENNTUNUNINULAN

Y
[

TAsa58Ue wekauLldneademglaieiazo1adudunsionaALLAULIAN

JUN 2.1 AGV Mlduauusiindniimig



2.1.1.2 anglw

AAneiukaULiEn walAuBavguinniuazlidudunsesenu

a v

WA AGV Tduweslamsaiensiaduanal Asgui 2.2 Blwmungdmsunuindidlagg

v Y

Fudou uwissaiasazUgsnwaelndulszd

AGV Wire Sensin
Unit
Y T i 77-7-/ / -".

\._Magnetic Field
Slot Cut in

Guide Wire Buried e

in Epoxy

U7 2.2 AGV-ildfanlyivinvng

2.1.1.3 I AGV
Ifawesiieasiauwnuin 3 Thvesanmuinaey ntuldununiine
Wwnaluseu q wuivinaw Asgun 2.3 Bluiugigs uilsimunaiazaradUamluaninua

a ! ¥ A A
wammwmawguasammﬂ

=
7

U7 2.3 AGV #ldawwesiiimig

call



2.1.1.4 evieml AGV
ndeuiioganinuinden nuuldrenduisiinseinmiiossy

dumslugagamneUanemns daguit 2.4 FBaEANuEavguas widudounasisinung

gﬂﬁ 2.4 AGV Tl¥ndaeimg

2.1.1.5 RFID

U1 RFID findsaguniiuias AGV asiaduie RFID daeiduwesls
s fegun 2.5 Binumunduevwiwdnuarlidudunsesenuauii widyyia RFID

919gnsuNILNInglane

ade’
0 e\’\SO'S A P‘e.
clio o
agnetic Daes ¥ A,
-
-""hé@ﬂﬂ inalag RFID Tag
w L e
f i
Magnetic Nail _____. . J|

Ul 2.5 AGV 714 RFID 1iwns



Yademareusznsiidiuanenisidenssuvimisiimnzaudniu
AGV #ail LA Taseitudl fudiiidlasadeudne wanydunsiduauwivdnvioansl #uid
wnlassdudeumngfunsliiawe vieoideimi anmuadeuifuamindwiedliuazess
u1n Lhmunzdunsldiawes anmwandenddinglansuin luimunzdunigld RFID
quUszanal wausshmdnuazaglniisialaung tawesiazidesimidsiniung ANudednns

% L3

AuANug aesiarIderirulanuuiugias unuwivinuasaglniianuwiugiu
Na1e ANABINITAIUAINEAnE L Idevirilianudanguas wouudmanuazaglniau
ganguUiunans
2.1.2 Ussianvasnistuiaiou AGV
2.1.2.1 ssuutafuiEeauuuilosing (Differential Steering)
v19nda3endn Skid Steering 130 Tank Steering l&oduindeudass
#997719 ﬁagﬂﬁ 2.6 MUANAMILTLaTIANIITeUsazdaLeniy FeanusanaelAsuAuuLaY

[y

Ny Uiy U7 (zero radius turn)

DIFFERENTIAL
DRIVE

CONTROL UNIT
ACTUATOR D v

 HIGH PRECISION
- { REDUCTION GEARThiri®

gﬂﬁ 2.6 Differential Steering

2.1.2.2 syvudsRudewuulddensu (Single or Dual Steering)
ldnenilvsevansqenansavyuiveiudeuiianie dnldaeviavie
#03807IAUNINYIBMUNEINRY AGY iannsataduidsatitadimiesa insauaufyuuig

WaTLUUIITITU AANEAUTDUUR



2.1.2.3 szuutfuiiensauiiams (Omnidirectional Steering)
Hdefanusandoululunniianis 1wy de Mecanum viedaseu
fimnne eyaeliiadeuiliegnsdaseyniianis Taufensiadouiidiuinsuasnues g
dmduannuindendidesnsanunaesnuazdameugs+
2124 wwﬁ’aﬁmgmuwmu (Swivel or Caster Steering)
T¥&ofiannsanulfegnedasy dnlismiudomeniodetundou
Suq nulgmlulu AGY floonuuuindmsusutmtinuasdumaiuieuie
2.1.2.5 szuutifuieuuusaaeiiu (Ackermann Steering)
deunuunalnnisteiuid savessasus 1¥nnsvaiuid sadendh
VULTFOVETINY WA mSU AGV fidedlanuduniclianinegesuiusasdosnisaany
aflpsfianuiEge
2.1.2.6 szuutduiuuUddasda (Synchronous Steering)
Sommumanansatifuidsasiuraeuldetdenadotiu I
Adosgesemsedeulvvesdofiszaunuiy fusslovidmiumaiuieidudeutay

A5 UEN

Steer- Drive
Three wheel 2* Steer- Drive DIf Drive
configuration

JUT 2.7 uanan1sUeAulieIuuusing 9 909 AGY

2.3 danasiiy Pure Pursuit

Fane3iiu Pure Pursuit iusaneifiudanuidumeildiumlvluvusudieadoud G
s BrummugineSaludR (AGY) ¢e Yagusvasdvanvesdanesiiuil Ao nsaauau
fimmavessummusiieWismnudunsitdvunlidamh Tneususudsniioanszogits
serineeusdagiuvesenunmuziugauesludrmtiumdunig dane3iiu Pure Pursuit

ulegySugaiaeeseunvuskuulauiin welikdladeumnuedinseguudunig
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fifeanns SaneFiuazidongauudunma Sonin gamedludnemii (Look-ahead point) Heag
v st agvuvessunvugluiuszsgmands andu ssuutaduidsave
grunmuzazrgnUiuIiioandeRiamannseninsdimnsmssmihveseumvug Aufianislug
ypuaslutami

[

Junaudflusanasiu Pure Pursuit AMuUUaLAUNIS 819 M@ NS UeIUNI UL

v
¥ &

9g3an dunsilinuanaduyaueagndneds (Waypoints) nisiduldasioiilos fagud 2.8
nsfwagaNesiuitmi Sanedfiuagssyauadludrmduuduma aeiignidena
svozuosludreniingfmual fdmdandumisdagiureseummuy nsduanEe)
gmLgaaazgﬂﬁﬁuammﬁugﬂmiﬂﬁuaqmu‘wmuzLLaw?f]Lmu'waaﬁ;mmlﬂ%’wwﬁﬁmﬁuﬁ‘ﬁ’u
grunmuy faguil 2.9 HMLgﬂ’Jf\]%QﬂU§IULﬁEJﬂJQﬁUEJWUWW%uvaUgQQ@u@QIU%WQMﬁW s
AUANEIUNILY Badefiduaaldargmitluldfunalndifuidsmeseuwinug iieth

MelunuLAUNIg

’
».—Look ahead distance

Trajectory

JUT 2.8 Uanan13UaAulaewu Pure pursuit (Mario Theers and Mankaran Singh)
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la

JUN 2.9 wanslananisindeunludadmune TP Weusuesmuesdent & iliaenades

(Mario Theers and Mankaran Singh)

fwmndsudeuavesuaeident & Munzauasilinisedauiives AGY U7

1 d’j QI a0 1 ¥ dy 14 ¥ U dl
‘\!ﬂLﬁj’WiiJ’]EJ F’ﬂquiJLaEJ?EJ\‘]%J?‘WN’]?’IQS&QN&IWNL&EJ’Jﬂ’J']\‘iG]’]@JiJ'WI’JEJ@NEUV] 2.10

Ly

JUN 2.10 uanen1suTuesavesdentnyiriu 20 83 (Mario Theers and Mankaran Singh)
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ICR 3.

1a

JUT 2.11 wanansuSuaamvasaeniwiniu 15 a9 (Mario Theers and Mankaran Singh)

D1NUSTUBIANUBIAD MLALNZ ANV IANSPARUTNVRY AGV a@unsaludadvune
Ippgegneieeisgui 2.11 wagguin 2.12

=~

JUN 2.12 uanen1suiuesavesaentyiniu 11.3 aam

(Mario Theers and Mankaran Singh)
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FINIAIUINDIFNVDIUAASIVIADNUNANNTAAIUIULAIINAUNITN AR ANER S

lngldnannisvesanuasumntnduasngvadley

Ly

dl o v d’j b4 L4
E‘U‘V] 2.13 LdAIN19AIUIUMDIAIUIAULE 881U

Tnglgndnnisaumdsuntindnaznguedlay (Mario Theers and Mankaran Singh)

a 1 [

swuelazdoatmuafio svzvinsssuinege TP Sedonds Mntuannidusianandonthuas
Fondsanfingadn ICR Fagniandugudnanswesisnanddu faduraiervesninaioud
{fold9n ICR 9x1AnanumasamindiTf1u ICR §a TP Ay 538y R 91nauTAvessy
ammdsumidudlefifulszne vy sIINGY vdsnaliNYBIaA DL AR ILATA

Winfushedsgud 2.13
Y2 =73 (2.1)

13Ut Y3 + a@ = 90 dlounu Y3 Tuannisi 2.1 azld

Y, =Y3 =90 —« (2.2)
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Fayuneluvesguanumdsuaziiauviiiy 180 e
180=y;+y,+ys =y + (90 —a) + (90 — a) (2.3)

nnguedlell
la R
sin(yy)  sin(y2)

(2.5)

L4 fo szezanndonaslufiegn TP unu y, = 90 — a waz y; = 2a luaunisi

fad o1 R (2.6)

sin (2a)  sin (90—a) '

NNuNaavivewnsinadia sin(2a) = 2sin (a)cos ()
lg . R

2sin (a)cos (@) cos (@) 2.1)
R=—x2 (2.8)

~ 2sin () '

L
6 = arctan £ (2.9)
6 = arctan m (2.10)
d

Y gy o o o ° v o & 19
LBNINUTLYY TP Lhay llll‘Vla@V]aﬂﬂﬁgV]']ﬂ‘U‘ﬂqfﬂ TP ﬂ%ﬁ']ﬂi'ﬁﬂﬂ']u’)m%']l‘]NUﬂﬂULa‘&n‘l@ﬂqﬂ

41n157 2.10
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YoRveI9anasyiy Pure Pursuit ANML38Ue 8ane37id Pure Pursuit 1oladneuay
Usgndandanulunisiuin Msdanuiduniegissuiu sufifnmudumig fsaudu vils
wigdmsunsiiuiainuale nsusuuuusealng sanesuausausulaiuusualng
deliudlateumvuzsmadunisldegaudug wiluanmwedsudidinsdsunlas

Fatrianazdonisiasan szozuesludrmin nsidenszuzuesludrming
wanzaududaddy ynszegnsduiuly EUNIUED1ATNgANTIINTAL vnenaLAuld
grumrurenvlimudunisldedawiugr Anuldwesdunie sanesiuvhaulduy

iumanInnalaslaivingasnniuly

2.3 ¥aNN131191UYBe QR code
QR code (quick-response code) fip 1ulssinnuilsvasunslan Wuuislanaedia
gnasetulul 1994 IngusengYu Denso Wave Litaldlun1sinUreuensiaduen ves

a

' ¢ Yy o a o a a ! a o o & v o
azi‘ﬁaiﬂfﬂum OR code U3eNaUMIBALNRENUEANLIEIND uIUﬂiﬂaLwaﬂiJUuwuwaﬂasﬂq’J

N

= ¢ | % %
‘UQG’]&J’]iOQﬂaLLﬂuI(ﬂEJQ‘lJﬂimﬂ’lw LU NABY LazUseulananie Reed-Solomon error au

nsgrInwanansafeuvangldedgnies deyandnduazgnisesnainanedunusingna

Y]

TudiuvoanILaULAZIUIAY QR code 1935 N15LU AN Tu1nsgIunanun 4 JULUU ()

3

Aaaw, (i) danluuedn, (i) luanseluuns wag (iv) AT seuu QR code lallagnldualy

13 | =Y

gnaMNIIHEUEUAIITY Weswinaiusasulisuasiivdeyalduin Faldnidouu

aa a

Y a adao = v Y °
‘U']ﬂﬂﬂLLUUL@NWHaﬂngL‘UUNWL@EJ'JLLaggﬂE]E)ﬂLLUUIM&WN'TiﬂaLLﬂU@'JEJa’]LL?N OR code Qﬂ

a 6

nsRdulneugaisUNNAInea 2 1A wargninsenusvitanaiigniusunsuld Ussanana
o ' 1 A 1 v A 4 ! [ =) !
PNAUNLITRIEIUNADITILANASAUTNNYBININ QR code, Tngldndaain (M3endesnany
! a Ao oA [ a < @
9 naed) NYUNAaUTUILIA, AiANY, LazyUYBILUNDT IALANTNINY QR code 3MnFUYN
wlasudnavluwiSuazgnnsiaaeusme error-correcting dane3viy
AMNRURITBY A USuadeyaniaruisagnununledadnyal QR code uagiu

Usziandoya (vaanseynsmdnuinld), Lot (1, ..., 40, Nszyvuinsiuvesdyanual, 1

a

4 x 1@aue3tu + 17 Aegladnuiugeveusasinu) Aagui 2.14 - 2.17 wagszauniswile

Y a & v A A 'z o Y a °
VBDNANAIRN ﬂ':l']ﬂJ‘Uqﬂ']iLﬂUsUa;J”aQ%jﬂﬂ@VlL'J'E'JTU'U 40 LLﬁ%S%@Uﬂ’]SLLf’ﬂGﬂGﬂ@Nﬂwmﬂ L (a)
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15197 2.1 wanaanvediundeyaniiiulilu QR code

Input mode | Max. characters | Bits/char. Possible characters, default encoding
Numeric only | 7,089 31/3 0,1,2 3,4,56,7,8,9
Alphanumeric | 4,296 51/2 0-9, A—Z (upper-case only), space, 3, %, *, +, -, ., /, :
Binary/byte | 2,953 8 ISO/IEC 8859-1
Kanji/kana 1,817 13 Shift JIS X 0208

f798191395%U89 QR code

5U7 2.16 QR code 198353 10 (57x57) 5U# 2.17 QR code 19359 25 (117:117)
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. 1. Version information
. 2, Format information
3. Data and error correction keys

5:: 4, Required patterns

E 4.1. Position
E 4.2, Alignment

]
™ 4.3, Timing
]

5. Quiet zone
35U 2.18 1A59@519%84 QRcode

Quiet zone LJuNUNTaUUDNUBY QR code vuNuNduiaselruanluvaus

994 QR code LaryI8heNLkeEIEINg QR code NUANINLINTOU é’fﬂgﬂﬁ 2.18

o |

Detection marker LUudmdsudniaogfinudioas dreuu way vanuu ¥aglinis
wanuilanuwiuguarsInsalunsenu
Alignment pattern 1uddsudnsain asionlitelisualéidlle QR code aglu
~ o oA A oA Ay = v ~ 8 A . &
HUAUANARAUNTENURINAE F91 QR code Huunalvaiiavdiyn Alignment Lwosuny
Timing pattern 1uidunssdnuaziilealiouss winsdindsy Detect marker 3 99

Helvisyymavestoya uavyisliwanuiueiiuuintes QR code A

(%
Y

Version information @4 QR code T9199U9 40 1BsSTU

Format information Tug@ U 921904 aAIUAAALAA BUVDY error WAL EIUDN

Y

eavidunjuwuuiniavestoya telvisudeyalaietu

Data and error correction keys d@3uvedtaya Faavoyamelulaiiiu 30% 2w

aunsaeudeyalieg

Error correction e nszurumsuazmataililunisnseduuazuiludefianaind
orAntulumsmieleudeyavieniafiudeya dainasfudmiwessruunisdearsvie
msdmfiuteyaidosnsanuaiiosuazanugndios lummeud nmsufludeRanainanansa
virlelunanes wiiindnnsialudemafindeyaiaiuinluludeyaiigndmieiu el
anunsonsasukariildeRananaiiintu wikdluidldfuinn e Reed-Solomon code
Faduszuumsidhsaiannsoldlumsudledeiianataldlneialy nnsld Reed-Solomon

code 1y Toyaatugniiuativlutoyandmseiiu uazsiansivaeudeianaingnasiagu

= ¥ v

Wodoyagniuniegneu seuuaIuisaldsansiraaudonanalalilensIageudnd

Y Y
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Y a

JoRananviolivazanunsalideyaesuiiouiludefinnaiaiinu nsuilederianaiaduds

o w

drAglunsdeaisuarnsdniiudeya tnsizanmuindoutaznsdeiutayae1aviliiin

]

Torananle Wy dyaands, n1staranain, vsensvihatedeyalusenintanisaielou

= [

Reed-Solomon code 14 1 lu 37 wyuuiiuanseiunilanInue 7 1 68 Yusgiiv

uudeyamsuiludeRanatansiaiiudill msidenldseiuvesmuuillasunisusian
JULUUYBY Reed-Solomon 7il4 (Wuguwuundszuu BCH) Tnevialunyuumanil eynds
TUNBUYBY Reed-Solomon Huiianuidsdlunisduay S1uiudeyaniunnd199ndeyanis

uwnludeRanatnnigluusiay block Yuegiiu (i) L103%U (ANULTIPY) Yesdydnual QR Lay

=

(i szAunsuAludeRanainfidviaiun ¢ seau Badseaunisunludaianaings AN

Audeyaferasanuannsatunisudladeianainlneyszanaiusay sy

% L (#7) 7% maﬁayjaiuﬁﬁmmmﬁwd
SEAU M (ha19) 15% maﬁayjaiuﬁﬁmmmﬁwd
s¥AU Q (Paslna) 25% maﬁaaﬁgaluﬁﬁmmmﬁwd
2AU H (g9) 30% vasdeyaluvidianunsaiiuy

(Y 6

Tudydnwal QR vunlneg demnugnuiaduudenvessita Reed-Solomon niane )
vden sunvesuiengnidentaglinereuuiludaianaiauinni 15 deRanaiaseuden
rananugutouvesdanesiunisaensia inlilululadesanudemeidundaiang
Taannzuilludaydnval QR azdnansenusennuguesudaniiegienisuiledeianain
Juldldiazadiesia QR AlinsUsgiuiievilidanusiuvsefsganuuintuniouauls

1 G4 =~ a 1% v A [ LY [y 1 dy
AenNae VeI uaziionand laln wardnwardu o luudansia QR nsUseauLmeanl
= I Y a 1 YY) 1% £ v @ v Y Ao o
foiluteiianain wiswadeaunsnawnulagnsies Sudululinesnwuusia QR Nldnae
Aavzlavldananuanuisalunsunleteinnainlnen1sdnnisiulaseasamsadinmansou

[ L a = [ v Y a v
PN E]ﬁﬂ’e)i‘i/mﬂi%ll’)ﬁNﬁﬂ’]‘WﬂQﬂiGULW@aWUE]Nﬂwaﬂﬂiui‘lfiﬁ QR

2.4 MaNN15%191UYBe Ultrasonic sensor
Ultrasonic sensor yJugunsaliildinszaznislaanisdsnd uidesiazsiusiudes

avviouiinduun fegun 2.19 awnsaindwesdlalnads 4.5 was viliduesesdiodmsuin

'
U U Aa

szoznalnduazsyaznialnassawiuglasludasdudaduaweadvuny dedndulunisly

uratelsTav 1 ssuunanidesdeinrnsduiusuivsesuniveugsnluda iWueesl



19

1
[y o

ANUNI1904 pluse NUSUlGTElANTInANaLBEAaTU ARl INTEAUAINT Ul

AUV Iz aRAIARN

E‘Uﬁ 2.19 Ultrasonic sensor

= = =~ v & sa v Y] Y & s

WeSsusudugugesdurign (R) lun1sldaunisnsiaduszeglng iouwes
sansledndanulisenssuniuainaiu g wazeynalueinadu 4 Yesnin Wuwes
dansledndildiludugessziuionsiadu nTdeu LazmuanszAUTasIaTuATUZRA

| @ N oa A oA N o ¢ v ¢

wudsansedl Feilanduian fa walulagdansivnudtielignainnssunisunndaunse
dnanmedeisniely seuilissen uassulseiuauninvaanisnluassn

NaANITNIUTRIansLeln A n1TTALaIN ltdsdyaulauLas ovduas
wnsnszanenduluduasesiu deguil 2.20 Wuwesdanslainvinauuuanuddansiledn

aAa A va ¢ a ! al' ] ::4' & !

AUy uanmtioyanIsla Buvesunwdiiendt anudwilodss anudvaiilaanidn

20,000 Hz

Distance

g‘dﬁ 2.20 kAAIENN15VIN91UU8e Ultrasonic sensor
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Guwessansleinzldesndudansleinuarulandesiiaziouliiudyaalnih Sans
Teinfumasinindedilétu uasusenoudeesiusenau 2 di leun fddyain @4
piezoelectric crystal iiaUdoaidss) waziasu witnduwesunadaldfmauarimiudes
wenfu uifidululdfazenileiduraesnsulfugunsaliuien Tndldesdusznausansy
Twinileaduszninsdadyaaluisasinedetu m%aé’aé’zgmummmimaa%ﬁqLﬁmifa

asledn @eslazagiioussnumndimguinngegiuntnduresdansileidn nessuay

Fuidesagviouieglulugaiieniu dyarudansiledngnunsnsznglagadunilyy 30 aeen

g7 U

=

93UT 9 wavyunisinaisiiAtegeiey 15 asrnieauuiugigen lunsdlil Tmgaieuen

QU q (]

MnnegneliyaunsinliazgnsuniunsimunseesinaRning Jasseenegnivualagnis

FAa1n1sAunsUR L asaazANLLE LA

Va1 X ANuS A
JLYLNN = f (2.11)

v = % J [ g | (% d‘ Y
N5E¥YOUYBLELINITNTINIVILUANA 1A ULURIUNITANNUAAT @\‘]EUVI 2.21 618)

(% 1 { a [ a < + ! L4 [y P
WUl lALA Y1998 NaBINa@Rn ’JWQL?EJQL‘U‘ULLU’J N3UBn9e 3R INNIYUYBY LA WnNUU

9

Win W Ay audiu

m R
(A) .
Glass plate (B) ()
Human body Coal

JUT 2.21 nsagvisuvesdssluingiunnsiaiu

lunsasradesdansleiin dndudeansedu Trig Pin igeianegielos 10 lulasiund
Pniulugazsudnsnlseidaledn 8 a3a a1nlugai 40 KHz lagazsumanIesiui

158071 Echo pin dagazAnaiaeinaiveinszesne ielasiunissuniudsiuwaeiv
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sennwuwasoans lednarunsaldnisyianuluudalasiale nensudssnaudansiladn

LU DT ABEAINS DU

Trig Pin H

10us Trigger Pulse

Pulses ”l |||
from module

Eight 40KHz Sound wave generated from HC-SR04

ECHO Pin

Time taken by pulse to leave and return back

E‘U‘ﬁl 2.22 uansluga Timing Diagram

2.5 m3UszunananIn
2.5.1 ngugd
aa g & o w = Y DY)

ngufdduiugiudAgreinisusesutananin iesandulinannisuay
TupadmsunisyanudlasezUsunadlunmn druaeiduidniseing o Angqefidiieades
fuNSUTELIARANMN

2.5.1.1 Tuiwad (Color Models)

luwmadAuandsnugnirluldlunisussiiananiniionansdly

sUsuUImIneandmunslgeusng 4

1) RGB (un9, W7, YEu)
Lumadnfenldnnigalunmadvawasntvsnaniua dusiasd
< (Y 3 I~ a a N3 a ]
zuansdunsnauiuveseIrUsznoudnas #1787 wasdu1Ru MUUTENINANIN LYY 113

N999 NNSUSULAY WALANTIATITI UNBSUAUIINAIN RGB
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Color modes
O o

CMYK

Color wheel

U7l 2.23 uansnsiIeuliiou RGB wag CMYK

2) HSV (&, mudusa, A1)
TULARENSINTEUDNNLENANUADIAIN9UDININ (ANULTL) BBN
a o A,y PRI ¢ o ) ' ' P a
NANUIUAIVOIE (Voyad) FeiluselavddmTuausig 9 1y AsuudIumudiaznis

MT193UT0Y LneIvayadarAaawgnaanInNaNINIEs

HSL HSV

a. Saturat'on Saturation
A
£ 3
G 2
v
Hue Hue
b Sa= ' S =1
a L=% ‘H =0°/ 180" g v Y h. H=0°/180°

\H
N L
4

\~-

gﬂﬁ 2.24 UanInsiUTeUWEY HSV uag HSL
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3) CMYK (¥, 179, 1ded, an)

Tuwmadwuuau (Subtractive Color Model) Alun SRUNE N5

£
)=

anudlaluaaifinnud fydmsunuiiedestunsiuivasmswieunwdmsude
Aaflasd

4) Lab Color Space

4947197038 A5 ud 11 (Color-opponent space) A 11d L
dmsumnuaine (Lightness) uar a way b dmduiifvednsesudnu lunaifanuaiiaue
son1ssuiveayudinndy fanneanuimadsusladlugeriwesdiuduiusiunms
waauvesyudlalndlseiu duiluselovddmsunisuiluduaznisuiadiunud
2.5.1.2 nsunlukazUuusad (Color Correction and Enhancement)
noufidvaslunisusuuduazusussdlunmieligiiusssuna

WINTurIeLaLtuAMaIURRNIZLA1$99

1) msUiuaunauau1l (White Balance Adjustment)
wAlalnud i iinananinuasi uaneenwi elwaiwedu

5TTUANINTY Fuferdesiumsusuannadnugumgiivesunasiiiaue

2) msuAlaunua (Gamma Correction)
USupnudesarnsvesdifiosessunisnevauesildidudunss
YDIQUNIAILARNINALAZAITUBATUTD UYL ﬁﬂﬁmwatﬁuﬁiimﬁmﬁu
3) nisusumBalansuliiiindu (Histogram Equalization)
Lﬁmmwmu%’maqmwimamiﬂssmammmL%Mﬁwwmﬁq@

[ 1

Feausarrlulan v sduuAINNED9EI 19l UY 999199 AN LENAIUABIAI1LAS AL

usuead (19U HSV W3 Lab)
2.5.1.3 N1SWUIAIUNINARAEN15M5393UTRg (Color Segmentation and
Object Detection)

1 CY [

a o 1 ) ! = P LY
‘U@iﬂﬁﬁ ﬂﬂﬂu’]‘lﬂimUﬂ’ﬁLLU\‘iﬂWW’daﬂL"dua’]‘u ] NIBLNBDAIIVIUIME)

Y 9

LAWIZLANL DY
1) ATHUISIAUNIALUYD9I190993 (Thresholding in Color Spaces)
NsuenIngeenINNUNAINNE Mogudy N15RTINTUUSHINE

Wenlunmnenssaunssulaglydieainawesd HSV
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2) M33ANgu (Clustering)
n1sdanquiinsaildunguauaideesiy watau K-means
clustering asnsathuldlunsutanmesnidudiug AfdlndiAeaiu
ngufddui uguddydmsunadauazisniseng 4 lunns
Uszanananin men1sidiladndgnunua Sus wag Yiuuseegnls Lsdsainsasenuuy
Sane3fiunsvszanananimifieusuuss 1as1edl wazudasnnldodnediussansnm vislu
ITINTUDLAULAZNTAIUIN
2.5.2  USTANUBINITNAIUANMUALI8AYBYE (Color Depth)
AvaziBunvesd (Color Depth) Aodurudaiildlunisuansdvesfiniea

= v o ° a A aa a a =
LWEJ'JJ‘I']EJIUJY]W Nua"]ﬁu@‘r\]’]uauaﬂﬁ@LaﬂawaquqﬁﬂLLaQQImUﬂ’]W YIAUALLDYAUDIAUN

v A

mnfasfidduiianasuardudeunniy WAUTHANYENVDINNANUANUALLDEAYRIEY
2.5.2.1 AW1790 (Binary Images) (1 U#)

Fnwaig Anwausazgelunmuniduansing 1 On Sanearui
Tuagiduden (0) v3edv1 (1) Auavidenvesd 1 Tndefinwa 1wd 2 8 (Auaz1a)

2.5.2.2 AWM grayscale (Grayscale Images) (8 Us)

ANy nigakAazgntunInian grayscale wanianle 8 Un ayeyn
Tiandunfiunnsaiuls 256 sz susmluauiien anuazideavesd 8 Dasofiniva
A 256 1andL

2.5.2.3 AN (Color Images)

AWALUU indexed color (8 TnTuly) §nwaue AmEwUU indexed
color Tnand (color map) Tnaenvosusdazinmaazdused (index) FlUdedlunantu
luudmnanasiidld 256 & (8 9n) uifianunsausuasuld Anuazdenvesd Und 8 Os
siofiniga wianmsaunnimiuld Swud gean 256 3 (dmunw indexed color 8 Tn)

n15UTEINaNaNIW (Image Processing) Aon1sldApuiIlasIlATIZy
uazUsuuslanmAdvialiiousuusann S ofstoyadideniseenin wiallan1suszanana
ameng 9 fied

2.53  M5UFULAIAMAINYDININ
2.5.3.1 UsuussAndalaunga (Histogram Equalization)
wadindldusulssmuaudn (contrast) waan lagn1snszansn
AR sUas (intensity) Ainusnilan fulnidalaunsy ynarmiveusiaysefua LIty

YBIAIIUNIN HIATUNISNTTINeLT 9@z dn (Cumulative Distribution Function - CDF)



25

funiAn COF andalaunsy nsudnanananduld COF ieudasmanuduveswanialy
Fuenlval nszaeefinaiiioldussleminndisemudiniomn

2.5.3.2 msnseann (Filtering)

wilnvesfained Wamesandye1asuniu (Smoothing Filters) an

Foygrasuniusaziiiianiseulileu e Aamesinid (Gaussian Filter) ToHsnduLnng
dieandyaasuniulunin viliamiSeuieu Hawasaslsegiu (Median Filter) nuen
YaskARsinwanlIeAlsegIuveinsatIfes dussdnsnmlunismindygyiusuniu
fawmesifinauauda (Sharpening Filters) HinAuALTAvesvoULarsBasdendn 9 Tu
A §989 Aawmesaruats (Laplacian Filter): Idouusduduansvaanimiiteifinniy
ANTAYBIVBU N15LUABKUU Unmasking (Unsharp Masking): iitiminumudavesveulaenis
aunmdluaeanamdualtiu

2.5.3.3 NMI915993UVOUANMN (Edge Detection)

@ z-ﬂ'

wlﬂﬁﬂiﬁ%’isqmsm?{auwdaammLﬁﬁmmumﬁﬁﬁmg LWianInua
vaunveringn1elunin daaiiunistelua (Sobel Operator): [dau1nvaINIslasediu
ALY (gradient magnitude) W avIaUNIN FIRTIaTUTEUA MU ULALT] (Canny Edge
Detector) 5@ﬂEﬁﬁwﬁa’]EJ%UG]@uﬁiﬁmimﬁﬁ]ﬁﬂﬁﬂaUﬂ’]WﬁLL@JIUET’]IG]EJﬂ’lia(ﬂﬁQJJQJ,’mﬁUﬂ’Ju
AsmInasla seAuaady arnduldnsdudsuuulaifiua1g9ga (non-maximum
suppression) LazN1IAANINTOUNINAIBTALNITE (hysteresis)

2.5.3.4 MyUTulssANANTa (Contrast Adjustment)

N15U5uuAeANANTALA BT 9T UNTTIUA BuRUAIAIHILANGNY
symindiilafigauazainefigavesnim msdaidunsivesneunsian (Linear Contrast
Stretching) wnetisasmATIL e AsaUAquANAS IR USuusierBalpunsuuuy
U5l muiiudi (Adaptive Histogram Equalization - AHE) 1dn15UsunssAndalaunsulu

U3vaandn 9 (lnd) veenm ieusulss

26 Usiirassaunssuineatas
2.6.1 nuAseiidasfiunsszuuAIugN AGY
(Munadi M et al) mywannluinasasudfiimsnessuusalusia (AGY) if
szuuthmadensengnsdiaios Tne AGY dldmoufinmefiduuasssuumuay fuzzy dms
szuvthelunisiedeuiiuuauy Sunsililuszuumunu fuzzy Tadn fie Arnisivasuudas

YOUAUN AGY dmFudunistienazy svuuthmislindesifinnuligslunmsnsinduuas
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Gl a

msflanuainsfistegaiuluasiinareussavsnmussszuumuaN FrsanNaiiivey
wilnarieUszdvBamussszuutiglunsavudushmun auufitidumeneieuazungn
a%7'1Q°TTuLﬁaﬂnmaauﬂ5zﬁw%mwmaﬁz*u*ummumﬁﬁwmamwamauﬁaLmai‘?ﬁi‘f’u HANS
nagoukandlifuienuaainyandmiussuutiensauuiiauuio 110 fa 150
lux wag AGY anunsnvhnisnnadunidldegnassauanudisanieldanuainananil
faudfanufananazduiatutig

(Sierra-Garcia et al) Automated Guided Vehicle (AGV) la5unisimunagg
s$7 sruumaiEdnismuauilaenndestu 2 davndn Aensmuauanuidluiie
nanss Aenduseadnumnisiedouilidulunudenis wu Jssansamnsinuuasiia
iU waznismuaunsamudunsisunduielildmuusiudiimnganlunisiing
Tnanuazaenves v fidumsdauduniedmaudsunlasiguuss wazn1smuaunis
famuduniafiiniendu lunsdd nagnsmuauiidugs nslémaiafaain iy
machine learning (ML) anssandudselon datdu nsauguaainuuunasiisuiussuy
ANl reinforcement learning (RLC) Audanauay Pl pumitoudlosaestiagmng
muaunouiu lusumis Pl gnldauguaniuifwesdousiavde lusudu 4 mssdesi

[
o

muauwmaiiignAwinlag RLC WioanauRanaInlun1sinmuiduniawazsnsnams,
a1 FalTeuiiiguiudinuas PID fignusuusdlagdanasiu vl AGV 138u3aon1s
UFuusansianudunisedausudaglunieif uenainil RLC Saielisasumsaus
Basusuuenshamudunisluneiidunisusudanazyili AGY aunsawdyiunis

A a & a o a a P a &
SUNIUNIBNISITMBISE UL NI U713 asunaaiiasa1nnsidenig nayAnuidounes
Ya3dIulsEnouNalnuas AGV N151naaddnasIveinagnsnIuAN Ussdnsuavesdiiniuay
n13AARINYes RL ey PID Mignusulvilanaiianaintiosnitsosas 70 uazAHaNa1n

a &0 Y
geaateiiasTeuay 48

(Liao, Xiaofei et al) N15@F1ULAUNIIT U1z A@NINAILAU LS upulUds

fundadirnedmsu AGV luanimuinaeuiidudeou vinlmidudaymiiensenisasia
L@ UN1998197ABIN1s Ls1iausmalulad reinforcement leamning taunlatgmnenee
N384 dUN1e dana3fu Sarsa Nlnagns simulated annealing @1115017 AGV @314
Wumeludnzas wasiiusnsianuasa dmsulaymndanasiiy reinforcement leamning
auduldaiusaussudanadeyaiesnelunsdvas state space fvuralngy 375 field

potential MHaNTUaN8TNN deep g-network gnUNANBFINTUNITATIUNHUN9DI AGY

danesnudanunsain AGV lunadumsiimunizaulaegefiusy@ndain uagundgymin
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§ano3iu reinforcement learning s atdalilanunsasansiunufindudouls Sanesit
wanigninluldluszuunadumens AGV esrassanugmaiadelnves AGY e
MngaisusuluSaedneneg uazduduirdaneiiuveusiannsariilinisnadunisves
AGV Ifeenfiuszavsnimuazifisdsyavsnmlunisladafndadsdudn

(Chen Yuanyuan et al) ¥NN15HATIEINANNITVRIRIAIUAN Fuzzy PID Uay
aaluiea ielvldenuduiusiwiaTassninguuuunsiedeulmuazamiuisivesdeduus
azde shmsliteyaiiauazAunduanssuumuny Fuzzy PID Aemsldmnsduindeunas
Aduntsiuiadeures AGY iludunavesaeulnsaiaes Fuzzy lngldineluladnisudludn
AnUnAves Fuzzy LileUiuusadumaues AGV uazlvimnusiunsmesnsnanuves AGY W1y
walulaBmsmuaunisiadeulmsiniu sondng MATLAB afdlunadianssimvesszuy
AIUAN Fuzzy PID 983 AGV Naansuandliliiudy Wunsvageunismurusig PID wazn1s
wiluaae Fuzzy PID seUUAIUAY Fuzzy PID @unsaui ludounnsedladussdnsainds
47.41% lunpaeustunisiad eudimslunuiivszans amlunisfanudunai uduie
30.76% Usvavsnwlunsudlosvesmafintuis 69.56% Uszavsamlumsudlusmifiniy
f469.56% warUszAvSnmiadoniiutuile 53.40% thunsiUieudisuiisaes Ssagulét ¢
AuAY Fuzzy Tioonuuuluunenuiiideflusunnmiilumnovauss wagUszansninly
nswAlunIsuNYDIMNg

(Myungwook Park et al) ﬂa'nﬁaiz‘uumuﬂmﬂﬂil,gmmmsaauﬁé’miuﬂmu
nsRaRuduNe sTuumUANMaEsIlsEnaufefianudunaylasiosniadn
Aamudunisadiaunisiaeiiideanisineldssegidmunedeomi fenievossnoud
dieusulildyunindeaiisiosnis deiieusudsns pure pursuit iideilunisannissna
Aeaiifugaseunasisnis pure pursuit 11lU FaAIUANNISIAEIATUALNTTILDINTS
Aeoufiefnnugunisiaeaiiconis wiessudisesliigninduiioauaumaands uaviu
anunsadsidmamadeilagldaenuiargnda 1seenuuusimuaunisiaeaiigminunld
fushamuauieu-duiiniinesisudea (PID) eghalsinu esaniluuudin Uszdnsam
Tunmsfnnandumataganusiuasuessasudsnluifanas Ll eflazionvusuuLALAR WAL
FIYALTELUUALARN NATNTIINFIVAELUUAAYI T UTEANTA TN SARmILLdUNauaE
ArifuasesneFSRluRL ALY

262 ATEINEIdasunIsATIRTUIRg
(Shih-Hsuan Hung et al) Yiauesanasiiululiiioad1aswa QR dremnaia

micrography 4 sL0uns 1 n @u1sae1ulan1ans 899ns lnegeausia QR anelunin
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micrography siliAndnwaei liwileuluisnsifiegudildsmiuamsssunavienin
szuned 1ldnwasiildfianudisuviives micrography iead1suuusiaesfianunselfee
Ifasunnvesimiidousasiuazfuiminuuusnusiierilfmnsauiunmsdeusia
QR n18lu micrography flanszuaun1stagldsunisauaulnegnves metric AW
agmnfignesnuuuaNIEd Sy micrography $INAUNIMTANTAAATMN QR code vl
Yy eunasen g asEnIeAUmMd ound e Laz ALl slunsaansa
UINTN1IAUNIN QR code 17'{Lauaﬁﬁuasjumwmﬁaaa‘maﬁf;Lm%ﬂﬁﬁauimﬂmiaamﬁa
nnaedlaglfindesnonsiadifontusia QR code Wisuwihfusia OR code ﬁgﬂa%f’m%umﬂ
Anideusia nanaaesuandliiiuielsgansninuesisnisasns micrography QR code fifl
ANNNGIRINTAUMAIAFEUTLANGeAY

(Yiyang Wu et al) n15unUeyiin1s@nenutdunsuey AGV luszuufndauaz
USuusslugaseineaiiivszansnings lévinniseenuuunagnseunu pure pursuit it
nswasuulamussesdmnedaminanuanusives AGV uazanulAweadunisdnds
Tneauuuannisuindinas AGV uay pure pursuit model foufiazadaflaidunandaonis
Ramnuuavauades T9dane3fiu Particle Swarm Optimization (PSO) wWiaUsuumess ey
Whunedratives pure pursuit model was AGV ludeulunisviaudivannuats sewing
nszuILMIAAmY AGY idenszeariigasa vz auniuauldseadunisd1sdiuay
anusitiagiu nanisvnassdassuandiiiuin nagndauay pure pursuit AU§uUTe
sudoyamnulAwendumednideannsaiiuamnuannsalunisuiuives AGV lefnny

EUNNFUGDU 1AL UAIUDINITAARILLAZAINNNUAIYDINITVINANE
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9

91INNIANYING U wasUTVALITTUNIIUNALITINUT N15AIVANNITTIAULEE

P99 AGV fina1nuaeds Wersuuiisuiunds wuimees] pure pursuit model tduitugiu

£
v o a

YaInsmaa e layudsfudsnulugludgadimne wagnisedeunfinniuing n1s

n3293uingiudsiiddny szszesiaiildlunisnsiaduiy azdwmalae nssiunis

o

v =

Uszanana kazdansusduideniafnniu AGV ¢un §93nan ezl dudmanasndudas

9

1Y) [N & o Aaa Y a 19 = o,
$37999U 1@@8']\'15'39][5'3 e bl U I@ﬂmmaﬂﬁUﬂ'ﬂu%qﬂﬂquaﬂLL?@@@NLL?N %49 QR code LJu

[ A = Y & o Aa (Y v o = <@ [y 1
’J(ﬂi;ﬁ/]L‘Viiﬂ%ﬁll‘ﬂﬂ%ISUL‘UU’W]QVIGIW’JQﬂ‘U AGV #7311 LWS']E&IWJW%JT]@Li?lﬂﬂ’]ﬁ@]ﬁ’mﬂ‘ULLazliJQﬂ

(% (%
Y a v =€ o

FUNIUNATIAdeNLAlRE19R datu nuddeiiduihniseenwuulusunsufnmuing i du

QR code fignfinagiu AGV fat Inefindesdudngias uavldnguives pure pursuit
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° v o X o ] o @ 5o -y
model IuﬂqiﬂquijﬂUQﬂULaﬂjmaq AGV e LLaziwﬂ‘UL%uL%aiaaMiﬂbﬁUﬂLﬂumm’ﬁ]

SN OUIUTATL LU 9TEMI A IUILAL AN TALARBUNAARIUAI85 8z USUALR § 99

Y

ANUI0aAAUNUTEY AGY NiTAas tnedmudvifiuandouninnudan lnsaniduigesn

TLisndusan wedanusainausunsutumdnlawinAunsauInnI1 AGY ¢t
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ASAIUNT5I8Y

3.1 uni

[y

Tua1Aded

[J

WiumseonuuulUsunsuszuumuasildiy AGY dm LadouiiAnmm
AGV dth Timdnnsaanudndnualiifnegiu AGV éi Tindeafusingay 1Wudunadild
Tun1snsmugunsssfuiedonth uadlfioumesinssosdustdslumsinstey iednw
5283919908 AGV ftluszesdiimun iloanduiudumesifsnaguazsuauinn Tay

Ya o o k24 o a L4 d' o v v dy v d‘ nll
YU EUBNTAS ILUUIAD9IAMIR ANER S E AL B A YRl UIAULEY) Tiladauild

Y 9

(% (% (% L3

gadwunglaegausiug uasfinvieuisudyanualnfnediu AGV danleldluniseu
wazfnnIL 1ngaoNLUUNITNAABINANINLINA DNVDIAUTULAITILANANAY NAFDUILEY
VOIUNANTANTIVTUAY TN YTOINNFIBNTONNUNVDI AGV FIRU NAHDUAINIUEN
eI sinssugmeue s InTresiaUTaU e UL $3089N1TVRae Ul SN TUNITAIUANNT
LYY ‘:911 o [y ) ~ d‘ Aa <@

JsAULaIazNssnYITzaEAUIa AGY faln Ienadasnisiadsunannu Tuausiveans

41' aa Y v oA o o 44' i I~ 19 = 2 &

LAARUNINEDAAGDINY DNYNEIMAGDUNTAGOUNDBNANEAIEADN LaznN1Td9enLloLE5duY

M3gRaReny lngn nsuvensaniliuaideuandusui 3.1

1Y

A9UANN1INNIATINNUR YA NWal

warn1sUeRULAENTaY AGY

1 ¢

29NkULLAZNAEUlUIUNINNTRTUAYSNY

o

AyallsangauiuNISARAIL

'

ponLuukasnaaaulUswnIuLiieldaIuAL

A o a M o
wednauladendry

ANMUTTILU9LAENSUIAULAY?

¥

[ NAFDUNITIVALAYDBNIINADT ]

A o a a o
E‘U‘V] 3.1 LAANTITUNUALUUNITIVY
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3.2 yanagaunsiaTudydneal
mifeileenuuuTusunsuilemuaunisiadousives AGV fannu Taglddnydnual
findtadt AGV dath Tneldndoadusaimg uaslfisumesinssosinssminginiuasin
Tneflgunsninamaaeuiiieoonuuulusunsuiil
3.2.1 ndad intel realsense depth camera d455
JrErNISUDNIAY 0.6 WA 89 6 Wwes undasawesleala ianuasiBen

1280 x 720 Aniwa ﬁLWimimqaqm 90 LSHLINFBIUIT YUIAVDINA DY 124 X 26 X 29

a

fiadns Yeadeusis USB type C fasuil 5U7 3.2

Y Y

E‘U‘f?‘i 3.2 Naed intel realsense depth camera d455

3.2.2 dyanual
Judadnuwalnldfiniu AGY fath iieldinszezuazypiiiodisuiuinig
3.2.2.1 QR code

QR code wuANsAivTayaosdu 1 21 x 21 Yun 26 x 21 wuRuns

&7 frame - o X

U

3.3 OR code AFlun1sMAaes
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3.2.2.2 MNaENn

ANEANHYRIR 26 x 21 lwuRuns 4A1 RGB (5,100,250) é’qgﬂﬁ 3.4

Distnace: 18.35 CM

5U7 3.4 Color Mldlunismaaes

3.2.3 mini pc Dell Optiplex 7060 Micro

T dugunsaldeanssudedogaveindes Aaguil 3.5

5U71 3.5 Dell Optiplex 7060 Micro
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3.3 ﬁﬂﬂauqugﬂﬂﬂunﬂiLﬂﬁauﬁﬂaa AGV 7703
3.3.1 U8%A Arduino Uno
Arduino Uno (uvilsluuedalilasroulnsataesildsuanudensniiaelu
ATEUATY Arduino Fegnesnuuaniitensiieusiasnsimunnumeiudidnnsednduay

Y a

TUsunsudia I@mawwzﬁm%’uwm’m ﬁﬁaﬂé’fa;ﬂaﬁmimwLﬁ'mﬁ'wa%@ Arduino Uno
Jayanaunafiaves Arduino Uno
lulasmeulnsatass (Microcontroller) : ATmega328P
wsanulnnlun19v191u (Operating Voltage) : 5V
wserulindune (input Voltage) : 7-12V (uugi), 6-20V (Fadnrin)
fiuAdnea 1/0 (Digital 1/O Pins) : 14 iy (31 6 Auanansalhidufiu Pwm 1)
fiuewndendunm (Analog Input Pins) : 6 iy
nIzuagegaroiy 1/0 (DC Current per I/O Pin) : 20 mA
NILUAFIAREUIUAY 3.3V (DC Current for 3.3V Pin) : 50 mA
wilaalad (Flash Memory) : 32 KB (ATmega328P) Tag 0.5 KB gnld
dmiuyn wanmes (Bootloader)
wesnnsideuse USB : Wdmsunslusunsuuaznisieansiuneuiimes
NosANTouReDY 5 : UART, SPI, 12C nsi@euseuaznslFeu Arduino
AulazHentuwed Arduino Uno :
A 0-13 (Digital 1/0): T msun1sTunTodideygaminea
W 0 (RX) wagiin 1 (TX): Mdmsunisieans Serial (UART)
WU 3, 5, 6,9, 10, 11 (PWM): Trdeyayey PWM ﬁiﬁ’ﬂumimuqu
ANNEAIN9VRY LED 13A1ui5veietnes
i1 A0-A5 (Analog Input): Todmsuniseuadygraeuden
fiw 13; §1 LED lughideusielnnsa
3.3.2 U8sm Arduino Mega
Arduino Mega 2560 1 uuedalulasaoulnsaiaes dauaiuisouas
AnaNTRgING1 Arduino Uno Tngtanngludhuswauiiu 1/0 finnnd imngdmiulusand
fifeanismadeudedugunsainansy damsesuiidedlininensinn dfeyananaiaves
Arduino Mega 2560
lalaspoulnsalass (Microcontroller): ATmega2560

wsenulninlun15vin91u (Operating Voltage): 5V
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wsssulniinduns (Input Voltage): 7-12V (wugi), 6-20V (Tndnfin)

a a

NuRINea 1/0 (Digital I/O Pins):

a =

54 W (@9 15 Auanansoldduiu PwMm 16)

fiveundondune (Analog Input Pins): 16 fiu

nsgudgganaiiy 1/0 (DC Current per I/O Pin): 20 mA

NsywagEnd1mIuNY 3.3V (DC Current for 3.3V Pin): 50 mA

unaviualsd (Flash Memory): 256 KB (ATmega2560) T 8 KB gnld

dwsuynluaniaes (Bootloader)

wasnnsideuste USB: THdmsunisiusunsuuaznisdeansiunenfiames

wesnnsideusedu 9: UART, SPI, 12C nsiousiewazn1siden Arduino

Nulazianguues Arduino Mega 2560:

AU 0-53 (Digital 1/0): T msun1ssuniedsdyganinea

fiw 0 (RX) wagdiu 1 (TX): Mdmsunnsdeans Serial (UART)

i 2-13, 4d-a6 (PWM): Tidryanas PWM Allunismuauatainees

LED w3oAui5av0iueines

iU A0-A15 (Analog Input): e wsuniseuAdeaueuaesnannwuges

3.3.3 U3

\wuLees (Sensor) Ae gunsalii 19lun1smsradunsetaa s q lu
ANNLINGON LI BaUNHH AT AU wae @ LFes maedeulmn mslnavewesnad
wazdue LLé’qu:daq%’aaﬂamdwﬁjmf]ué’igiywml%lﬂm%‘aé’igtgwmguﬁmmmﬁﬂﬂlﬁﬁuma
UszaananiasalldissuuauALvsoRanIng

3.3.3.1 Ultrasonic sensor

wuwessansiladn (Ultrasonic Sensor) Lugunsaildnduidesdiil

amudigaiunidsiiuyedannsoldtu (eviluazedlutng 20 khz Tuly) tieTassosnis
vionsmradutagluanmiinden wuwesivhiulnedsedudseenly udmsaduadu

LY [y

= d' o o Y] v 3 a a t1
RAEINASNDUNAUNIAINNINEG iULLN@ﬂWﬂWﬂi%LLﬁWNLW 5 I’]ﬁa Lagnszld 3 Uaalaud

9

a

vihauluanimuindeugamndl 0 s 70 ssmivaldoa Yedeansiéma GPIO 8arYeINg
ns1TaszuzlUiAY 15 09M1 S288909n15A529TA 2 9 4 1WA AIAIUAIALAG OU 0.3
WURUAT VUIAVDUTULEDS 45 x 20 X 1.6 FadlUns nann15INureugesoansilaiin
nsdedayanal (Transmission) leulwes azdand uidssnnui geeanlulugunuuvesiad

(pulse) WUN19AIES (transmitter) § slagialUaziduniadanladiannin (piezoelectric
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crystal) n1sazviaunay (Reflection) wil opduidusiliaaingluidunia ad uide sazasviou
naulugsuges n1sudyaal (Reception) §ia5U (receiver) Tulwuigasazasiaduadudes
Ndzyounaun N1SAIUIATEEENS (Distance Calculation) Wwulgasazintainldlunis

WunsaspfudsIInfddlUf inguaznduindadiisu

AU IEE X1 aunig
FLYTNN = > (2.11)

AnuswandaduainiAund fe Useana 343 WasAe Ui (m/s)
3.3.3.2 Max sona

MaxSonar [undndaiaumsessansledniindalag MaxBotix Inc.
w3 MaxSonar lddmsun1sinsseenawazn13nsaaduing lunainviatenisldenu de
SUT 3.6 stsludnugmamnssy viususd Brueus uazn13demnainenmans auautives
\uLas MaxSonar AMNWINENE (High Accuracy) lguigas MaxSonar fiauanunsalunis
Fasvozmslduiuduaznidodiold 929n15307in319 (Wide Measurernent Range) MaxSonar
flasnsianinadausll fwuiunsdmaiowns vlimnzaufunisidaunainwans
Auslunisneuaues (Fast Response Time) LwULEe3 MaxSonar fin1smeuauiTInta
ausaldluszuui dean1snisTaszesnisuuisvalnyg nsnuseaninuingou
(Environmental Robustness) t1L%835 MaxSonar E]EmLL‘UUIﬁmumum'aamWLLméjamﬁl

warnmane Ly Ju U1 anuseu wazaudu

E‘Uﬁ 3.6 Max Sona sensor

3.3.3.3 Infrared Photoelectric Sensors
Infrared Photoelectric Sensors (1% ULDT NTIATUTAO A 18 UaA3

Bunsnan) Wueunsaiildlunisnsaduinguas nsseemalaelduasdunssn dagua 3.7
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Feilusglevdegraunnlunainvatsueundiatulugnainnssy vueud ssuusnwiay
Uaende wazdu 9 nannsiiauveugugesounstsalWlndianynsn lwulwes o uns1Lsa
lndidnns nviaulaenisdsdygraunasd unssna1naaas (transmitter) TS5y

(receiver) wazn3IaduNIsariouns on1sgnUienvosd a1 utiuiodnsrun1amsonis

)=

n7193UIng InelulassUseinvvdn wuuagviaunau (Reflective Type)iadauagsiiiueg

v o d‘ =

Tuduniafeiu warindgyaruuainasiounduinaining dnlddmsunisasnivingieg
1nd wuungasu (Through-beam Type) AduazAIsUag NIt U U WaEATIITUNITYN

Tnvnavedyaauanlioingrusenitaiidwazaasu dnldlussuusnwaudasasde

V3B lURAMNTTUTABINITNTNTIRTUNTANUI UGG

gﬂﬁ 3.7 Infrared Photoelectric Sensors

/ 1
3.4 aaﬂLL‘U'UI‘UﬁLLﬂiSJ'JVI'i%831&']\‘1[»[»’6333:]}1]
3.4.1 N13IATEEENNTEINNIngiungaas
A o 1% ) = = o =
WafmunszagnInnaeslliinguioniewmng agldanunguiainy
AR1BYRdgUaNImEN Aagull 3.8 Anuaaendsiuvesamasy Wundnnisiiugiuluian
a a a oA = = v = o a s v ) = ]
sedintesureinllelaaumvieaesguazadendeiy ansrheuiaaeafiaiuagisuing

Willauiu WirNIne1uANANTLlAUNIZLAY 1NmdsNEReTUAzAdEATIULE
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3.4.1.1 3-8
syyIvny i aenadesiuassy luauiva suassguiany
aonrdosiu @vwniaviiu) aumdsuaossuiuazadoadety
3.4.1.2 AU-AU-PY
ynyneuiaenndostuvesauma suaosguiianudnduiniy
(Hdmdminfiu) amLw?{amaaagﬂﬁ?u%ﬂé’waﬂﬁqﬁ’u
3.4.1.3 PU-3H-A"Y
ileduiiaenadesfuaesiuvesaanasyassguiinnudadon
Wiy wasnufisalaeduiariiufinnuaenadesiu aumisuaossuiuazedoadeiy
Soamumasuassguadieiu azvilivuinuesuifie e uazdmwalruuinves

fuaziivuIlusnsd@uiu arauwidey AABC = AEDF azla

AB __BC _CA

— = (2.12)
DE EF FD

— i » Object
¥ g A A
e, |
A~ S ' ;
B T w w
K|l A ; x g ) %
1
1
1
| 28 : v W\’
I

JUN 3.8 uamenisussendldnguiaumasunae

f Ao eemliiaanaudiuuLeIna s
A 1% o LY cal 1 [ a
P, P, f® anunisueanndgyanualiniioduiniga

W A9 21NN TIvesdyanyal
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o [ 6

d Ao sruzeTEnIendesdsdudnwaliiviieduuRiun g

o

N

[

JUN 3.9 drydnuel QR code MlHluauide

INANUARNLVDIFUA LR

tan (0) = (71)

=iz 2.13
; (2.13)
p
S (2.14)
F o d
W P1Xd
f = (2.15)

ISuAURI8N3LY Edge detection 3393U QR code ntwhmsAnseu tiemiingn

(X1, y1) Wae (X2, y,) HiothluAmnamAssesinesdganuallumiieings dagui 3.14

U

3.10 nMsAnseaUdyaneal QR code
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[

NAUNALVINITANTDULN BMIAINARA F35UN 3.10 A=vin15aanUsanmlmduningnim aa

Y

3.11 LWARNITIUNILIZEN NN DILLES

a

sUN
Y

=

8],

JUT 3.11 nsdanUasnmduninanasi

Wensuiidnninalsweuresdanwalannsinseudyanwalinsadula thaidaly

AN Py 9naun1s7 2.16 alassuenneseninge 2 9a

Py = \/(xz —x1)% + (y, — y1)? (2.16)

JUT 3.12 WAAINSANUINTEEEYNTEnINeiNIwaaeIgn

e P; Aildannasmuiufissgzanuiandyanyaltindesissvziudaulunuidedly

[
% ¢ v

FTEZISUALN 100 LEURLLAT WATAIYRIANNNTINVOIFYaNEAl AU W = 21 LEURIAT

d =100 wuiuns trlvunuluaunisd 2.17
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Pyxd
w

(2.17)

f=

folaan f nsgmviavesszezisudu dhlunulugunisiioniAve s zriaseni g

—

Foyanwallaznassiiledaudsuudasly Fsdunusiuen Py

o

wX f
Py

d= (2.18)

M f Sandldanfufidnnalalutuneusuiu wagar w idumiliasuwlaslaainnis

MyuUATUIAUBIdAnwalluTuLS AU

v

JUN 3.13 uanen1sinssusdanualiiendes

3.4.2 mM3iayusEndneingiundas

v L3 ¥

Weaslasgegisszninedganvaldundes d ez ldunuluaunis

[ v L3

AnuduTuSvesEUmANLNaIn AACN ienyundgyanualviriuianalusuvendes

o

A Wuadumisweindes 9a € Jussegriaseninndediedydnuallurasiegnaiansy 90

'
v L3

N Jusunisvesdydnualfieg Audensornvew isunn unuaszeeanlaainnis

AurluanIsi 2.19
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NC
tan(a) = — (2.19)
(a) = —
C
E/
12
NC = 3.44
aly a=3086° |o .
ND =2.03
B DC=4 :
_-/d
H
e i/ 9]
v
A
4 L2 0 2 4

'
[y

a o v ! v o ¢ A A
E‘U‘Vl 3.14 ANUAUNUTITNINNABILALELY NYUNBUATVDIHA

"1 frame ] o X

ngle: 15.53 deg Distnace: 48.72 CM

JUT 3.15 uanensvinnuveaileduing
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3.5 aaﬂLmesﬂauqué’qmumimﬁ'auﬁLLazﬁ’aﬁ’ULém
351 NsAUANsTEsIINsIARauiisEIetuazdany
Logic Be3n13LAdeuTiRnnumemss wiieaniluauyi G‘ﬁgﬂﬁ 3.20
Fraiinila : Sr¥mgegluszeriiosnin 90 wudms dsnilingaiadouiiiosnuszeriig
Prafians : trimgegluszorannndt 90 iwufiang s 300 wufuas Sdsuliedoud
Wwuni

Yfiany : eingegluszezuinndi 300 wudwes daulvveandeuiivesnuseesring

nen
> 300 < d LYURALLAT
LAWTLN
» 90 < d < 300 LWURLLAT
nen
> 0 LYUALUAT

= Y o = o P -
EUW 316Uﬂ@ﬂ%@ﬂ?%ﬂﬂNalﬂﬂﬂﬂﬁﬁNWUQUU@NﬂTﬁQGQUW

def thinking(Distance, center_x):

if Distance <= disBack:

direction = "B"
elif Distance »>= disGo:
direction = "D"

elif disBack < Distance <= disGo or Distance < limit:
direction = "N"

ser.write(direction.encode())
print(direction)
time.sleep(0.1)

return direction

'
a

5UN 3.17 feiduloulunmsdsnumununisindeud
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MMyinszezarlidurasdansiainlunisinszestundnuindusesoanslatin lalaiunse

Tasveylaazvhnisasuiiinsresidundsslunisinsses logic msviheuduluau Flow

chart ﬁLLaméﬁgﬂﬁ 3.22

L3R

Jaszazey Ultrasonic sensor INTLYLAILNADY

Move forward

90 < D < 300
i No
stop <

l

U7 3.18 Flow chart N15AIUANNISIARDUTNRAAMIUYDY AGY

3.5.2  M3AUANNITUNAULAYD
LW BNIIUBIMTENINIF Y nualiugAN N1 BNy (Furisvesndad) logic

YOINTUIAULRL IR VTN ‘ﬂ%ﬁ’]ﬂ"liﬁ’]%ﬂﬂLﬁuﬂ/l']\‘i"'g’]EJLLﬁ%‘Vﬁ\‘iGU’J’WL‘TJWUE’JULSUWU@Qﬂ’ﬁﬁJﬂﬁULSEJ’J

\uauang

L3

PIANLY : DIPLNUIN INA19VDIF A N Wl

<

ANNAALAY X UBENIIAD

threshold_left azdsnulimaegie



aaq

3 1

YN @99 : DIFILAUIN INAVRIAUANWUAAINAALAY X UINNTIAN

o

threshold_right asdasuliilaende

g‘Uﬁ?‘i 3.19 LanadunIau threshold left wag threshold right

1A @ DR UIN a9 Id AN Bl AN AALAY X UINATIAT
threshold_left usilaiiiu threshold right agiatandtteulvneugndsdeslsuineu
Wauluinily A1AEIATINOUNTN §9aLA8918 2YINN15EIUlADLEEI9"
A& A v b ° = = P
aidunishudelvioglusumisnenais use denss
Wauluians H1AAIATINDUNTI AIADLAEIU AEYINITAIULARaL A9

Al <) = [ v 1 o |t = 1% . o (Y] a
L‘W’e]LUuﬂWiﬂuﬁﬂI‘Viﬂqum’]LL‘Vi‘Ll\‘lﬂ\‘iﬂﬁ’]\‘i N30 A9MIN LA logic ﬂ’]iVI'N’]‘U@\‘iE‘UVI 3.24
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n593Udyanwal QR code

Yes

Turn right, K= R

l Yes

Yes Yes
Turn left, K= L
No
No
i Straight, K=D

No

U 3.20 Flow: chart Raulun1sviaudsfuideidevin

=

3.5 2anuuUlUsuNINNISIDALAZINAINEDNT
o % = < a = aa = 4 2 = =
mMydanudvendisiaianissiniouninnuuaresnananiiaaniielsuindoui
Aneuazduidsihnuduneuigidelasesdduld weawsiniseanainaaniaonuasidn
F0ALLTUAUIINNAUG18YT oAU T TaTauBuNAR N ldAReNsla HunIs

Y a o v & [ ¥ & =
NYeANIU a1mumumaumamammaamilfmamLLa3aaﬂmﬂamumuiﬂmmgﬂw 3.25
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Start R
Park R

Start R

Park L

Start L
Park R

Start L

Park L

U7 3.21 Flow chart n1353@aiazoanaInaniil

3.6 N13INA&B

v W

3.6.1 WAFBUNIATIVTUAYANYallUANINLINGONAUTUEIFAN 91
HBIAINNISIARBUNAAAIN AGY F311 AGY fInudeAeallfIngias dalu
a o dy VY @ ¥ d' ¥ o 1 Y] ) 1 g o ] v

RReillddundes iivelinsudmimiiaves AGV fdrhamusvaziuegluiuimieu
v - P ) A A ° & o W v o X v v
FUYNITBNANUTIIVB AGV FIny iieazianusilumuauaidnisdsduideiaenti
Wialy AGV dannudananaauifaneuiululalunsafn AGY fndnnsedeudilagInse
AU LT WA UATI AITUN1ITNAADINR 9D NLUULNBNAFDUANNAILITATUNITASIITU
danuwal 2 Fdnwalizni19AI9I5lAALATATNE YINN1TV0aDINIAIUEILITAVOINIT
aTudgyanualluanimmadounudulasdosdouly eldendydnvalndainuaiuise
Tun1sesraduluannwIndsuANuLLEAINTaINaTy FUE0 UL ADANUTULAYN 80 B4
300 lux ABANINAMULTULALIAINATUN LT N s avasalnluaniuinisnaass way
Wouluiand AvAuLduLash 300 89 650 lux ADANINANULTULALIAINANTULASNANIAY

PinsWavasalwlugn1unn1sneany sakandlum1sean 3.1
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3.6.2 NAABUNITINTZBTVDIRYANUAILAZIYULYDS
nsRnmuMTARoUTIves AGV fathiu zfesdinmsirdeufiinmuuuudnm
TN UBNAINNMINTIUAUMLEN LYY AGY Al Teglusumiamiedensouinuas
nsnadeunsinsvezresdydnvaluazisugesswududenisinduladen i eldidu

¢ o o

FouanunaslunsAniinsgimdavesnisinfiown faanslunsnen 3.1

[ (% L3

A1997 3.1 LARNNITNABDINTIAIUA AN wal

o

STUTANN ANTNHINADUAITULTULES Y .
- yanual
(LuALUNS) (lux)
20 - 200 80 - 300
QR code Color
20 - 200 300 - 650

3.6.3 NAFBUAULLUEIVDINISIBARATEBNAINFNTISUAY

= < Qy a d‘ ‘:I'Q Y v ¥ =1 -'-NI

WIDLESAAUNISNANISLAFBUNRANL AGV AInuAzAasaulsainaadanni
Q{dglj r-:l' o < Py (Y] 3 a o I~ b4 a o goj
TNUAITR wazJuvaUlaNTaaU AIUUNISIDALAZDDNANNANIRI BT UILH 895 N5V
W B LA AIU150Y U TUN UA VB ULIATIN AL H28N15MSIDTANITALNOUNTUVDUIULLDS
Infrared Photoelectric LW 8 UIUBNINNIEDILIBN IINUUATE N1V IIUIDADLLS UAU
WULALINUAUNISISUAUNISNARANIY NISLAFBUTNEBNINNADILIBANINTIAUNIINITAAAL
1 AGY famuiuazAesliduniinissusunfinsasdadundewsiednnsansiady
£ % o’d‘a Y £ 2 ::l' VY dl' zs'a U 1 ‘éj
doydnuainfnegiu AGY sl ielvgdinandouninnauuazinwssesnng Mmeaeaull
FINAFDUMIAIAIIUAIALAR DUYDINITIDALALDDNINNADINIDA LALUIALAUIVDITE

ALVOURAIVWTUDS Infrared Photoelectric NANARBALALINITIDN

A13197 3.2 LAAINISTYIAADINIAIANAIALARDUNITIBALAYDBNANEAT

ALAUINITIDN AwUINISaanIINENNL
, HLAUIDD AT LSUAUNITGNE
ANPNUAIALARDU — —
ALIAUIDATN SUAUNIIYN




a8

3.6.4 VAFOUNSIARBUARAMUNIIASS
nsiAApuRSNwsTaYIsuuenIINMTInsEeE A UTe Az A U 8
Fuduspsdanufiadiviimhidanul AGY muedeuiidunth vievganisiadouiliiie
Snwnseegying é’qﬁ?uﬂ'mnﬂaauﬁﬁqmaaumsﬁfmuﬁmﬁ’ummﬁ’;m’miﬁwﬂé’amazLﬁzjul,szjaﬁ
fnsvozfunsdanudiadivimihiiauauueineituindoudends vinsmeasdluszey 20
89 200 WwURWAS WensavEoUNSY U uYedUsLNSINS TR UAELa RnnuiunIS

Aoy e I0s5Ia L NeAIUANNITYINUTDINBLABTABNAT

3.7 &5

q

ANSANEUIIUINEN150NBUUTUTHNTUINTLELUN9TEAING AGY FUNU AGY Famn

a

N9 v o v %] Iz I W o w o
ldimsagidundesaziguwesinszey NMidudrdwdsdrdglunsaivaudenunis

=4

LA DUNAANINLAZN1TUIAULABIUB9E NN LB LN IUEINGANTTULAZAINEINITAVD

(% (% L3

Fudnualiild srudansiasverlundardgydnvalluanimundeusnudunasiivaievans
[ovtsvesnsveiideiussavisnim SntewhnnsmeassilennAaumaAaeuveIns
senandiiiosunszAafnmy asfeensuisAinnuAIaLAd suwsE U n1Sa0nd]
YauwaTidauLarsIia Sadiduneunssidiunisnaaondussl

Fupeuil 1 nedeuLilonsrarn1IRII9TUVRIAEnuel QR code war Color lu
ANNIASINAMLLT LA FeTInEa 80 — 300 lux wazTsTians 300 — 650 lux

Fumouil 2 nedeupuLtulunsTaszeza i ndoesdaydnual QR code uay
Color TUaNMLINEBLAUITULASEDIT F297inils 80 — 300 lux wazgasfidos 300 — 650
lux teSeufisumdnydnvaiinzaudumslifinogi AGY @

Tunoudt 3 nadaunisTayuvesdiydnual QR code Ay Color lutammeanm 0 - 30
o9 dieldlunismuaudsnulisdiuiendent

Tunoud 4 NedoUNTINTTYYRIEBITUEDSSEINg Ultrasonic sensor kA Max
sona senser Lﬁamiwsgmm%wﬂwmmimni’mws LAZWIANUWLUEIUDINTIA
J28EIENIN AGV 11 ez AGV Fnil

Suneuit 5 aaﬂLLUU%WLLﬁmsmu@mﬂﬁ%’qmumamaﬁné’aLﬁaLﬂﬁauﬁammuLLas
fnunsEEingsEig AGY fth fU AGY famnu TaudenisesnuuurenuaimstiduEede
wiiiieldeuiitainiy AGY fanh

Funoud 6 nageuTeNLISNITAADURRAMIY AGY FtiinanunTasnwnsTaEmng

Tuaanfvus wazaiursatasuasifaaulalunstin AGY svadauniiidudunsa
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FuPaUN 7 NAFRUNISIN0AluAD TR BLES A UNITLAARAAULAZ NS ARDUN
29NINNADN LN DUITLYLAINUAINLAT DUVDINITIDALALDDNINNANIT ATNAADUTDNLIT
ASLAADUNRAMIUNSDUAUNIT8NINNANNTIUDINISIINBAIDAVUNTTEN

TUABUN 8 TATILVUALATUNANITNAADS
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NAN15I8LAZaNUS18NA

4.1  uni

Tuunilihiauenanisneasuussufisunsnsdudydnealnlifn iy AGY @i

=

W BMIAINAIUTOLUN1TNITUTUANINLINE BUANULT LaTlULA ALYy Usenaunis
v a & Y [ [ 4 d‘ a = a [ [ [ '3 d" 1

anduladenldidudydnvaliiafinniy wWSsuiisunisinyuesrvedydnual iienien
ANUARIALATOUYBINITIANY TNANUNTAINTUAUGLT uazlSouliisuugaiinssey
W DUNTLYLLALDIAINITATIVIANLUUEIAUYNITYINNIY NAFADUNIAIAIUARIALARDUVDS

« A ~ v N A o ° & A =
ﬂ']il,ﬂaQCLW]E]E)ﬂﬁ]']ﬂaﬂr]ULLagﬂrﬁLsU’]ﬂaﬂiuaﬂqu LWEJL!WVL‘UMWLJWZJEJUL‘?JWJEJGW‘UVIamuf\]@(ﬂ

o
I~ v o o

nMegadnauanisnsivaauaNaIuIsavedlusunsui ldlunismuaudsduid el vie

dll ‘:IIQ v o ! A Qin Y a Y L3 a v
LARDUNAARNIN AGV GI’J‘U’]’J’]E?{’]@J'WZ]Lﬁﬁ@u'ﬂG]fﬂfﬂ’]lllﬂ‘i]i\‘iﬁ]'?ll’]ﬁ]Qﬂigﬁ\‘]ﬂﬂ@\‘]\‘]’]uﬂEJ

4.2  WIBuisunsnsRdudyanseal
4.2.1 a3RTUAYaNEllUANINLINABUANUTNIEIUIS 80 — 300 lux
N1379993VA AN ¥alIE1I19 QR code waz Color TUANINLING ONAITULT

WE9I%9 80 — 300 lux AaNINLINRaUNUA LNIATTWaISITUIR Tra81naNe Ty

80 - 300 lux
Distance(cm)| Qrcode Color
20 Y
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200

=<

zlzlzlz|z|<|<|<|<|<|<|<|<|<|<|<|=<|=<
zlz|z|z|z|z|z|z|z|z|Zz|z|Z2|2|Z2|2|<|=<

'
o [ L3

JUT 4.1 uanInN1IMAaeen I Udydnuwalianuduugs 80 - 300 lux

o



Wa Y wiu @unsansiadule N wnu llanusansiadule

4.2.2  AFRIVAYANEATUENTNLINADUAMUTULAIYI 300 - 650 lux
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N1393793UAYAN¥alTE1I19 QR code way Color TuanImLINA DUAUILTL

Was29 300 — 650 lux Aeanmumndeufidal

300 - 650 lux
Distance(cm)| Qrcode Color
20 Y Y
30 Y Y
40 Y Y
50 Y Y
60 Y Y
70 Y Y
80 Y Y
90 Y Y
100 Y Y
110 W Y
120 Y Y
130 Y Y.
140 Y Y
150 Y Y
160 N Y
170 N Y
180 N N
190 N N
200 N N

LY Y &

JUT 4.2 ULanIN1INARBIngIRdudyanualfinuUiLeas 300 - 650 Lux

o

d‘ % v 1 U ¥
Weo Y wnu a@unsansaasule N wnu llauisansiadule

14 =® o Y

4.3  WIsuiigun1sInTeazinandadneayanual

=® o (< 4

4.3.1 9nszazyinaInNnassnsdaneal (QRcode) Alanand

v

ANSNAADIIATLELIZNINITNAADILUANINLINA DUT ANAIIA UADIY 9

[

239150 80 — 300 lux ABYWNAMULVULEWRT UazITINTNAaBINUTUaNYal

o

QR code AU Color

PIADILUU AD
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4.3.1.1 @NNWINADUANUTLLAS 80 — 300 lux

Measure distance QRcode 80 - 300 lux

Distanceljcm)
-
n
Error(cm)

1 2 3 4 5 10 11 12 15 14 15 1e 17 18 19 20 21 22 23 24 25 26 27 2B

Number

U fl 4.3 nywiUSeuifieunsinszezves QR code flusrezanggIulugie 80 - 300 lux

4.3.1.2 ANNWINADUAIULTLLEAS 300 — 650 lux

Measure distance ORcode 300 - 650 lux

160 B = - 35

Erraricm)

Distance(cm)

||| R YL

9 10 11 12 13 14 15 16 17 184 18.200 21 22 23 24 25 26 27

) pi

Number

Uﬁ 4.4 ns1lUIeuiisunsInssesuad QR code ﬂm%wmmmu‘[,wm 300 - 650 lux

4.3.2 daszezrinenaestsdydneal (Color) Aaundas

4.3.2.1 ANNWINADUAMUTULAS 80 — 300 lux



Distance{cm)
)
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Measure distance Color 80 - 300 lux

a
Error{cm)

0 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 26 27

Number

JUN 4.5 ns1viilSeuiiigunisinssegyes Color fussevanmsgnulugie 80 - 300 lux

160
140
120
100
80
60
40
20

Distance(cm)

4.3.2.2 ANNLINADUAMULTULAT 300 — 650 lux

Measure distance color 300 -650 lux

/ 7

/ 2.00

\
Error(cm)

/ 1.00
0.50

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

errorColor =——Distance —— meanColor

JUN 4.6 ns1viiUSeuLfigun s inszegves Color AuszavunsgIulugie 300 - 650 lux

4.4

v v

deuanued

o

v W

NAFIUNITINVUIAYNVRST AN WAlIBUIANINANNEDY

v
v v =

o

n1snaaeuiayuiaud1Agyiunisdiduidss ninladeasuueinisinssesly

s

[

WA §9P9F9INARDNLIBIVDINITINYUBNMIBINTIENITINTE LT LAWAR LI O N

(%
LY

D¢

ANEIN1TANAINLATIVIATUNAVBINITUIA VLA ET AITUTIRRIIINITNAABIN1TTAYULND

Usgnaumsinaulaaenudyaneal

4.4.1 TUUINYUHLY

o
v

an

wal (QR code) LigugaRanaINdas 129 300 - 650 lux
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Angle QR code

an 1
g 08 g
=0 ez
w [
— 04 o
[=11] —
£ 10 02 %

o | ] - — 0
1 2 3 4 5

number test

B STOr  =—C —est

JUT 4.7 n5mkanen1siagu QR code

4.4.2 Tavunyudydnual (Color) LBUIANINANABY H33 300 — 650 lux

Angle Color
40 25
EEY 2 W
= 15 =
< 10 0.5

=

i 2 3 4 5

number test

B STTOT e GE0 s Color

JUN 4.8 nsulianamsinym Color

4.5 WSyUMIEUNISINTLYLHWNVD T ULYDS

[ v L3

nsinsvezasugesafylddsgluninnisinssegaledydnwalingznisin

o

szevviraduiudsdfgluniseendmdsfumimsongaiadouil 3iinasonisinaiunis
wndouil Fafudsindudedifinnailufunisinsserdisediunuidetaddfisumeiia
seozidudingiiuan wasnisiassegdlendendudiinszord1ses lnon1svaaesay
Wisuileuseming Ultrasonic ffu Max Sona titensivaeuanuusiusiuazasenmuniives

ANSINTTYY



4.5.1 In5eE2A9INQAYULDS Ultrasonic

5

g

5

100

Distancelcm)

Distance ultrasonic sensor

450
400
3.50
3.00
250
200
150
100
050
0.00

Errar{cm)

Number

B eror =g Distance{cm) @ 0 degree == lErasonic mean

JUT 4.9 nsmuananisinsreerineeig Ultrasonic

4.52 aseE2i9INgRILLYLILE3 Max Sona

Distance max sona sensor

5

g

&

100

Distance{cm)

Number

I 2Ol eegem Distance{cm) @ 0 degree ——ge=S50na mean

SUN 4.10 NS INLEAINITINTLEEI998 Max Sona

Y
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4.6 YAFDUNISIUIDALAZDDNIINEAIN
4.6.1 VNAFOUNISLUI90A
nnasudaenluaaniiiloiadunissiandsuiiinnu nsaensiduges
NIIUAANLARIALATDUTBINNTION FITHARBNNTTEYVOULYATBIANNTDDN Faumsnaaes

agyihmsidnaeadiavan 5 A3 liemAAuAIRAReuLaIguiUgR19Bd

Park Left

Erroricm]
A

Mumber

A ! ::1' v 44' ] 1 o
EU'V] 411 ﬂi'ﬁ/\lLlﬁﬂqﬂ']ﬂ’.]’]ll?’n@Lﬂa@um@qﬂ']ﬁL‘U’mE]@Luaaﬂquiﬂgﬂggmqﬂsﬁqﬂ

Park Right

(=
-3
()
[
un

Erroricm)
L
]

Mumber

= ] o % A a 1
E‘U'V] 4.12 ﬂi’]‘V\lLLEWNﬂ’]ﬂ’ﬂllﬂﬂﬂLﬂa@u‘U@\iﬂﬁiL‘U’maﬂL%J@ﬁﬂ’]ﬂﬂ@@l@%ﬂ’]\ism’]

4.6.2 vNAdaUN1ISEBNANAIU
NAaRIBNINADIL LU BLSUNITLAILARBUNAANIN L BTN AGV Hany
4:1' d' a o [~4 ¥ <@ [ (v b‘ndl a gj ¥ LY} ) n:l' [ I a
mdeuioanatnaniidluasdesiudydnuaingninaslivy AGV fni wesurdunaly

F9N15UIAULAYY MNADULISUAULLDIAAIUNNINAONT AGY fenulianunsansiadu
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drydnwalldazdmali AGY dnnulilasudunnveinistaduiae welideulunissudu
wHnzauiun1siadaunfaany waziiAianueaataieuluaan AGY dnilivenselu
YOUATINBAIANUAAIAGEULEY TLTudBmnasdionIAIAINAIAARDUYBINITOBN

NADIN FINAABIDONINADIRYINDININUA 5 ASI

Start Left

Erroricm)
=3
|
1
Lia
X

Mumber

a ! d‘ = ¥ 4
E‘U‘Vl 4.13 AFILEARIAIAIUAIALAADUVBINITDBNAINANTUN A TUL Y

Start Right

Erraricm)
[=

Number

= ' = = %
E‘U'Vl 4.14 AFILERIAIAIUAIALAZDUTBINITDBNIINANTUNINA UV

4.7  NAFaUNISLAADUNAAAIN AGV AU

] [y

Wenaaaun1sinszeziiandasazirwgasaulaveaiu Fuhumedeusiuiu

o

lUsunsunsevaudinsyaduinfeurenddviladeunduiusiussegving Inensadsdyayiu

A7}

IsiadinuaueLmasYnaena iy duiusiuszagvinglutafauws 20 - 120 lWufung
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Signal control relate distance

=R code

distance(cm)
3
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51  #3Unan1siaeg

[
av

NUATU P ANEINISPABUNRANIL AGY LAaZN1TIATEEZI19AN AGY AIULAEE
i sendeaduiinging laeldndnn1smnsaadu QR code Taufuwuges Ultrasonic Tunis
sz WeeankuUlUSWASUTLYIAU AGV My Tranusawrasuianniy AGV fainlusses
Anvusazatuisavirudsfiofnaululdun1elaog19usugn 9nNgaaIuIsTaIen L
~ a 2 & a a Aa Aa v oA a aa
a0n799Al 915 9dUN15LAINTITAABUNRAMIL LAaLDNINNANITLSUAULNOLAADUNRAANY
AGV fle Bananisnnaesvediduanunsaasulacail
511  HANWAABINIIATIIUARYE NI UANINLING DUANMUTULEINUANEIAL
5.1.1.1 Tuanmuinasundlanutduwadlutig 80 89 300 lux
U o/ U 4 1 = a

NINAFDUATINIUE Y NwaInAaeslugeszey 20 89 200 WUALLAT
WUl dyanwal QR code @11150MTIT UMM 9TATzuglAluszEN1TRTIATUA A 20
WURLLAT D9 150 WURLIAT LaNINNTT 150 WwURLATAZlLaI1u150n5293ULA Tuved
Color @11150@1U150ASIIULN BTN LA LUSEEEN1SUBIN 9Le 20 LWURLUAS D9 40
WURIAST 1MINTLELUINNIT 40 UM UA1U15a95299ULe LHpIanANULTULEITNE
ABTaULYA RGB ¥e1d7l1n5293U Feaguladnanuanusalunisnsinduvesdydnual QR
code fimnulnaninge 110 wuuss Fa8Annan 275 wWosidus

5.1.1.2 Tuanvanaaunianuuskeslugig 300 09 650 lux

~ P PP v = ' 3

L DNAABIUANINLINADULEIN L AU ULLEININTUIUYIT 300 D4
650 lux wulndaneal QR code @1unsansiadutiedinsyeglaluszurnisussnsun 20
WURLLAS D9 150 wuRues Tuvaes Color @unsaanunsansaduieInsyezlalusyasnis
1UDIAILA 20 WURLUAT D9 170 WWURLUAT FIUAMUAINITOUNITATIVIUNNINATI QR code

I

9 20 wuRwes seAndu 11.3 Weosidud

Fau nsasaduiieTasvevsenseiedsmnaluldlunseuan
Wlodaiuiiendonth daydnval OR code Saflmnumnvamnnniinglfidudydnveinal
fu AGV a1 mszansnsavienldrseungulurismnudunasiinisnnnitAetas 80 f

650 lux
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5.1.2  WANIINAABINITINIZEZUINAIINADY
5.1.2.1 luanmundenfifananduuadlugag 80 F1 300 lux
nsinszezvinemedinnaiidundos insmaasauisuiiie
Faudnvalaosdaudnual 58319 QR code way Color lusvazaaus 20 fe 150 wuRiums
TursanmuwIndauAMULTNLES 80 £ 300 lux WU QR code @N5AATIITULAZINTY Y
Idnseungudrsamdulaazdaimudanatnuniigawindu 2.5 wuflunsfisseznis
A51990 140 wufues dewdlsuiiu Color Fafianuannsansiadulugnanudunasdang
louAsEey 40 LuRluns
5.1.2.2 luanmundenfiiananduuadlugae 300 8¢ 650 lux
wiidlovhnisnaaes ludianmuindeuananduuas 300 S 650 lux
Fefinnuainannnintiennuiiuasniseaesiou nuiia QR code way Color @unsa
n39UkaE InTTeLlAnTOUARNYIIAULTULES 300 89 650 lux LazllAIAURANAIANIN
fandm3u QR code Wiy 3 wuRlasisyazn13nTain 150 wuRiums Weifisuiu Color
fienanuAawamnnfiaawiiy 3 wuRlunsfisseynsnsain 130 wuRlns
o myinsresiiodiszazvinelulflunisduniiiorieniunu
mMsveuesdends dudnual OR code Fallmmumuzanannninfgldidudydnualfnly
fu AGV dmi1 szannsavhauldaseuagsludisanudunasiinhannniifetas 80 d
650 lux wsiegndlsfinu dmnssuiisufuludomeimsinssorisdedydnvalianzas
fadmeaanueaaadoudaliiiu 5 wuiues luszernsinilndiAsi

5.1.3  WaN1SNNABINITINTLESYNALLYULLDS

v A

N5 IRTEeE MUY S UUANTILUSNA AU Naa lUNITAIUANNITAARY

o q q

AGV fath sz syesiiinldazgnasiudmuniiiodsnmsasumisiadiuemesdenas uazns
fnszovresuifolarlfivueeiifumnmaindn uaglindeinsrondufnnaddises
nMsvnaeadaazulédn Ultrasonic fimnawsiugiannndt Max Sona ag 15.75 wWesidud
sudumthmsassezsiiu 15 esmwitu fifunuideidfadentd Ultrasonic (ossed
ANILE NI LA TR Max Sona B3 10 141
5.1.4  wansveseunsidnaesdaniiuazisudusanainaanil
nsnadeureveInIsIenuar MR uananand tdeaguded s
Susueenananimsinuineiidiauaaaadeunndigaliiiu 10 lwufluns uay ns
Budussnanamimasnurnimmiuaaiaedeuniniigaliiiu 30 wudms Jaguliin

a0

A15AADUNDONIINANNLUN AU IEALTAIAIUAAIALAA B ULDENINNIIANUVINLNT 1L R LU
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nsisufueen Inandasiimanuraandousisiudeuazdium 30 wuisesidueeng
Eld

dwsummaaeulinvenluaniiimefudreiidanunannadeuniniigalsl
A 20 wuians Tuvasfinisdnaesluandmsianiimanueaandeusnndigaliiiu
10 wuimns Jeaguldimsedeuiiihaesluaminsnurnaziaamaainedeutios
AnImaduEemsraztunsdisealuandasiidenuaainied suisdudiouay
Fruam 20 wuwesduetietes ileliidnaenldluiiuiveniisrte uastheasiiounasens
Melusunisinanaantiven 1 uns 39siliidivenluaniiivenlaegiauwsiug

5.1.5 WaN1IMA#aUNITHIIUIIWAUVRINITIATEETUATNITE T Uy IuAUAY

HRIULH

mMsvageUMTIuTIAusErinsinsresuarn1siunUANTIadids
Foyaadiiuonondahauty sy osnwszesrie wuddl eszeznisTadien
11NN 90 LwURLAT Siadazdsdgiad dualmastunadsinnuAunt) auniszezn1T@in
gdietfosndt 90 wuflns dmndasndt 90 Wwuflues Siadasngadenisviauiili
el TUNEMYRTNIIL WHIINNANTIARBIRITUR 4.15 9gnutn szegmsinazddanasly
fa 70 wuRuasudeos 9 WuTudu 90 wudues wrladadututumsenismyedesy
vossiaslalléviliian acv ugariud sn aev Suwiindafnnisloavesiasn vilvszezanadly

7 70 LYURLUAT

5.2  U9LaUdLUL

521  msvsrudeilindeaduimnsiasiiisaduser svdmaliAnlyvndoun

Ldinnulalunsdl v ldaiunsansndudydnwalifnegnu AGY AU Aeugdedad

Y

Tolauanuzi1mslifiingaidarses lnensiiuduwesiluuudu wWislinsusdumniaves

AGV FUIFUIL U YUETUBENINAUTIEYTYIVR AGY 1INy

3 3

5.2.2 aﬁmmmsﬂ’qﬁ’uL?;Immsl,‘f]umimuanLLuu% Wefiazlgnsuisanuy
vesdentiluvaritinisdsnudifuiaealussmitgons s iidssuunsviudeuuy
D dledsmstsdudentianuesriisoinis onaiateinnaialdideminesauisuinnde
Aolinsvorniuazlasunalagnsestuiintnees AGY 8 minuinnisdesuueines
sudugessnsruaunniiiefiunesaliuameddmadsduiaeld dvnnuomestiduiaende

'
(=]
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523 msaadgmnisiinszeenslugunsaldsduideiaiunsaudlalanieisnis
Wasuguwuunsauaudu Differential drive Fsanunsaniuaunsiadeufinuuszuulala
AENITANRA L ULLDSLEULANADIATIVIAMIUNUINTNL UVDINBLN DTN UsiD1eza

FIAAUNU AGV geliunuluae
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import cv2 as cv

from datetime import datetime
import time

import numpy as np

import math

import pyzbar.pyzbar as pyzbar
import betterLook

import time

import csv

import serial

serial port = "COM3'
ser = serial.Serial(serial port, 96ee, timeout=1)
time.sleep(2)

# define the fonts
fonts = CV.FONT_HERSHEY_COMPLEX
Pos = (5@,50)

# colors (BGR)

WHITE = (255, 255, 255)
BLACK = (@, @, @)
MAGENTA = (255, @, 255)
GREEN = (@, 255, @)
CYAN = (255, 255, @)
GOLD = (@, 255, 215)
YELLOW = (@, 255, 255)
ORANGE = (@, 165, 238)
RED = (@,@,255)

# Variable
camID = @

# Define threshold variables
threshold_left = 220
threshold_right = 420

disBack = 5@
disGo = 9@

# Real world measured Distance and width of QR code
KNOWN DISTANCE = 1160 # Cm
KNOWN_WIDTH = 16 # Cm

disBack =
disGo = @
limit = 8.
upper = 3
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# functions

# finding angle
def findangle(knowDistance,focallLength,widthInImage):

width = (widthInImage * knowDistance)/focallength
angle_rad = math,atan(width/knowDistance)
angle_deg = math.degrees(angle_rad)
return angle_deg

# finding Distance between two points

def eucaldainbistance(x, y, x1, yl1):
eucaldainDist = math.sqrt((x1 - x) ** 2 + (y1 - y) ** 2)
return eucaldainDist

# focal length finder function

def focalLengthFinder(knowbistance, knownwidth, widthInImage):
focalLength = ((widthInImage * knowDistance) / knownWidth)

return focallLength

def distanceFinder(focalLength, knownWidth, widthInImage):
distance = ((knownWidth * focalLength) / widthInImage)

return distance

cam = cv.VideoCapture(camID)

height, width = 480,640

# Set the desired width and height for the webcam capture
cam.set(cv.CAP PROP FRAME WIDTH, height)
cam.set(cv.CAP PROP FRAME HEIGHT, width)

refernceImage = cv.imread("18@cm.png")
# getting the width of QR code in the reference image
Rwidth = DetectQRcode(refernceImage,@,@,threshold left, threshold_right)

# finding the focal length
focallLength = focallLengthFinder (KNOWN_DISTANCE, KMWOWN_WIDTH, Rwidth[e])

wheel = @
none_count = @

#time.sleep(6@)
#

while True:
ret, frame = cam.read()

#capture_frame()
cen_x = width // 2 # Calculate the x-coordinate of the center
cen y = height // 2 # Calculate the y-coordinate of the center

# Draw a circle at the center of the frame
cv.circle(frame, (cen x, cen y), 5, (@, 255, @), -1)

cv.line(frame, (threshold left, @), (threshold left, 4g8@), (@, @, 255), 1)
cv,line(frame, (threshold right, @), (threshold right, 48e), (e, @, 255), 1)

# tinding width of QR code width in the frame
codellidth = DetectQRcode(frame, cen_x, cen_y, threshold_left, threshold_right)
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def DetectQRcode(image, center x, center y, threshold left, threshold right):
direction = @
codewidth = @
X, y=9,0
euclabDistance = @
global Pos3,Posl
# convert the color image to gray scale image
Gray = cv.cvtColor(image, cv.COLOR_BGR2GRAY)

# create QR code object

objectQRcode = pyzbar.decode(Gray)

for obDecoded in objectQRcode:
myData = obDecoded.data.decode( 'utf-8")
rect_points = obDecoded.rect

left, top, width, height = rect points[@], rect points[1], rect points[2], rect points[3]
center xQR = int(left + width / 2)
center_yQR = int(top + height / 2)

cv.circle(image, (center_xQR, center_yQR), 5, (255, @, 255), -1)
#cv.line(image, (center xQR, center y), (center x, center y), (@, @, 255), 5)

points = obDecoded.polygon
if len(points) > 4:
hull = cv.convexHull(
np.array([points for point in points], dtype=np.float32))
hull = list(map(tuple, np.squeeze(hull)))
else:
hull = points

n = len(hull)
# draw the lines on the QR code
for j in range(@, n)

cv.line(image, hull[j], hull[(j + 1) % n], ORANGE, 2)

# finding width of QR code in the image
X, x1, x2, x3 = hull[@][@], hull[1][e], hull[2][@], hull[3][e]
Y, y1, y2, y3 = hull[@][1], hull[1][1], hull[2][1], hull[3][1]

Pos@ = hull[e]
Pos1l = hull[1]
Pos2 [
Pos3 = [

on
o =
(=
(==
— =
woN
[y

# using Eucaldain distance finder function to find the width
euclabistance = eucaldainDistance(x, y, x1, y1)

# using Eucaldain distance finder function te find the width
PointAngleDistance = eucaldainDistance(center xQR, center y, center x, center y)

# retruing the Eucaldain distance/ QR code width other words
return euclaDistance,PointAngleDistance,center_xQR
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#

while True:
ret, frame = cam,read()

#capture_frame()
cen x = width // 2 # calculate the x-coordinate of the center
cen_y = height // 2 # Calculate the y-coordinate of the center

# Draw a circle at the center of the frame
cv.circle(frame, (cen x, cen y), 5, (@, 255, @), -1)

cv.line(frame, (threshold_left, @), (threshold left, 48e0), (@, @, 255), 1)
cv.line(frame, (threshold right, @), (threshold_right, 48e), (e, @, 255), 1)

# finding width of QR code width in the frame
codeWidth = DetectQRcode(frame, cen_x, cen_y, threshold_left, threshold right)

if codewWidth is not Hone:
none_count = @

# print("not none™)

Distance = distanceFinder(focalLength, KNOWN_WIDTH, codewidth[e])

# cv.putText(frame, f"Distance: {Distance}", (5e,5@), fonts, ©.6, (GOLD), 2)
pPosition = thinking(Distance,codewidth[2])

S_angle = findangle(Distance,focallLength,codewidth[1])
#print(s_angle)

betterLook.showText(frame, f"Distnace: {round(Distance,2)} CM", (420,480), GREEN)
betterLook.showText(frame, f"Angle: {round(S_angle,2)} deg", (20,480), MAGENTA)
betterLook.showDirec(frame, Position ,(520,448), GREEN)

elif codeWidth is MNone:
betterLook.showText(frame, "Not detect", (420,480), RED)
betterLook.showText(frame, "Not detect", (20,488), RED)

cv.imshow("frame™, frame)
key = cv.waitKey(1)

if cv.waitkey(1) & OxFF == ord('q'):
break

cam.release()
cv.destroyallWwindows ()

# finding angle

def findangle(knowDistance,focalLength,widthInImage):
Width = (widthInImage * knowDistance)/focallength
angle rad = math.atan{width/knowDistance)
angle deg = math.degrees(angle rad)

return angle deg
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char input;

char stat;

char prev_stat = ' ';

char prev_input = ' ';
//:::::::::::VaPCOntPOl::::

const int LED4
const int LEDS

unsigned long interval_2
unsigned long interval_3

//::::::::::::function=====

void leftwheel_little() {

5; //relay_4
6; //relay_5

900; //set time for front wheel turn little
900; //set time for front wheel turn little

digitalWrite(LED4, HIGH);

delay(interval_2);

digitalWrite(LED4, LOW);

}

void rightwheel_little() {

digitalWrite(LED4, HIGH);
digitalWrite(LEDS, HIGH);

delay(interval_3);

digitalWrite(LED4, LOW);
digitalWrite(LEDS5, LOW);

void setup() {
Serial.begin(9660);
pinMode(LED4, OUTPUT);
pinMode(LED5, OUTPUT);




e

void loop() {

if (Serial.available() > @) {
input = Serial.read();
Serial.print(input);

if (input == 'R"){
if (prev_input == 'L* || prev_input == 'D'|| prev_input
rightwheel_little();
s
prev_input = input;

}

else if (input == "L'){
if (prev_input == 'R' || prev_input == 'D'|| prev_input
leftwheel little();
}

prev_input = input;

else if (input == 'D'){
if (prev_input == 'R" ){
leftwheel_little();
)
if (prev_input == 'L' ){
rightwheel little();
}

prev_input = input;

// Serial.print("prev_stat: ");
// Serial.println(prev_stat);
// Serial.print("stat: ");

// Serial.print(stat);

A

N
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kdefine MAX_INPUTS 4

const int receiverPin = 7

;5 // Receiver for forward/backward control
const int receiverPinl = 8;

bool firstForward = true;
bool firstBackward = true;

const int Relay R = 12;//shwrsiunin lwmadondusn
const int Relay_L = 9;

char inputs[MAX_INPUTS];
int inputIndex = 9;
int count_start = @;
int count_park = 9;
bool countbreak = true;

char input;
char stat;
char prev_stat = ' ';

char prev_input = ;

unsigned long lastUltraCheckTime = 8;
const unsigned long ultraCheckInterval = 5@8;

const int LED1 = 2; //relay_1
const int LED2 = 3; //relay_2
const int LED3 = 4; //relay_3
const int LED4 = 5; //relay_4
const int LEDS = 6; //relay_5

const int buttonPin_1 = 13; //sensor for park
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int trigPin
int echoPin

10; // TRIG pin
11; // ECHO pin

const int disGo
const int upper

80;
300;

float duration_us, disUltra_cm;
int buttonlState =
int button2State = @;

int lastButtonlState
int lastButton2State

non
®
~.

unsigned long interval = 180@; //time turn front wheel

unsigned long interval_1 = 92@@; // time start

unsigned long interval_2 = 999; //set time for front wheel turn
unsigned long interval_3 = 80@; //set time for front wheel turn

little
little

void setup() {
Serial.begin(9609);
pinMode(receiverPin, INPUT);
pinMode(receiverPinl, INPUT);

pinMode(LED1, OUTPUT);
pinMode(LED2, OUTPUT);
pinMode(LED3, OUTPUT);
pinMode(LED4, OQUTPUT);
pinMode(LED5, OUTPUT);
pinMode(buttonPin_1, INPUT_PULLUP);
pinMode(trigPin, OUTPUT);
pinMode(echoPin, INPUT);
pinMode(Relay_R, OUTPUT);
pinMode(Relay_L, OUTPUT);
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void stop() {
digitalWrite(LED1, LOW);
digitalWrite(LED2, LOW);
digitalWrite(LED3, LOW);
firstForward = true;
firstBackward = true;

void forward() {
digitalWrite(LED1, HIGH);
digitalWrite(LED3, HIGH);
}

void backward() {
digitalWrite(LED1, HIGH);

}

void shortcircuit() {
delay(400);
digitalWrite(LED2, HIGH);
delay(200);

digitalWrite(LED2, LOW);
}

void leftwheel() {
digitalWrite(LED4, HIGH);
delay(interval);
digitalWrite(LED4, LOW);
}

void leftwheel_1() {
digitalWrite(LED4, HIGH);
delay(interval_2);
digitalWrite(LED4, LOW);
}

void rightwheel() {
digitalWrite(LED4, HIGH);
digitalWrite(LEDS, HIGH);
delay(interval);
digitalWrite(LED4, LOW);
digitalWrite(LEDS5, LOW);
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void loop() {

// Read the pulse widths from the receiver channels
unsigned long pulseWidth = pulseIn(receiverPin, HIGH);
unsigned long pulseWidthl = pulseIn(receiverPinl, HIGH);

if (pulsewidthl < 13@0) {
digitalWrite(LED4, HIGH);
//Serial.println("Receiver 2 Action: LED1 ON");
} else if (pulseWidthil » 15@0) {
digitalwWrite(LED4, HIGH);
digitalWrite(LEDS5, HIGH);
//Serial.println("Receiver 2 Action: LED4 and LEDS ON");
} else if (pulseWidthl >= 1300 && pulseWidthl <= 1500) {
digitalWrite(LED4, LOW);
digitalwrite(LEDS, LOW);
//Serial.println("Receiver 2 Action: LED4 and LED5 OFF");
}

// Process serial input
if (Serial.available() > @) {
input = Serial.read();
//Serial.println(input);
if (inputIndex < MAX_INPUTS) {
inputs[inputIndex] = input;
inputIndex++;
Serial.print(inputs[e]);
Serial.print(inputs[1]);
Serial.println(inputs[2]);
}

if (inputs[2] == 'S' && input != 'K') {
count_start ++;
if (inputs[@] == 'A' && inputs[1] != 'B' && count_start == 1){
startleft();

} else if (inputs[e] == 'B' && inputs[@] l= 'A' && count_start == 1){
startright();
}
}

if (input == 'K') {
inputIndex = @;
count_start = 0;
count_park =8;
memset(inputs, @, sizeof(inputs));




if ( disUltra_cm < disGo+1@ ){
stop();
//brake();
prev_stat = stat;
stat = '1';

if ( disUltra_cm > upper-10 ){
if (pulseWidth > 15e@) { // Forward
forward();
if (firstForward) {
shortcircuit();
firstForward = false; // Set the flag to false after first call

}

if (pulseWidth < 13e@) { // Forward
digitalWrite(LED1, HIGH);
shortcircuit();
delay(2000);
digitalWrite(LED1, LOW );

}

}

if (disGo-1@ <= disUltra_cm && disUltra_cm <= upper-10 && timmer > 120 ){
forward();
prev_stat = stat;
if (prev_stat == '1' ) {
shortcircuit();
}
stat = '2';
¥

//Serial.print("prev_stat: ");
//Serial.println(prev_stat);
//Serial.print("stat: ");

// Serial.println(stat);

buttonlState = digitalRead(buttonPin_1);
if (buttonlState != lastButtonlState) {
if (buttonlState == LOW) {
count_park ++;

if (inputs[1] == 'C' && inputs[1] != 'D' && count_park == 1 ) {
parkleft();

else if (inputs[1l] == 'D' && inputs[1l] != 'C' && count_park == 1 ) {
parkright();

lastButtonlState = buttonlState;
delay(50);
}

unsigned long currentMillis = millis();
unsigned long timmer = currentMillis/1eee;

if (currentMillis - lastUltraCheckTime »>= ultraCheckInterval) {
lastUltraCheckTime = currentMillis;
digitalWrite(trigPin, HIGH);
delayMicroseconds(10);
digitalWrite(trigPin, LOW);
duration_us = pulseIn(echoPin, HIGH);
disUltra_cm = ((©.617 * duration_us) + 5);
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Abstract. The application of Automated Guided Vehides (AGVs) for workpiece
transportation in production processes is commonp lace, particularly in the context
of Industry 4.0. However, the high cost associated with AGVs presents a significant
challenge. This paper proposes an approach to AGVY tracking usinga combination
of camera-based QR code detection and ultrasonic sensors. The objective & o
regulate the distance between leading and following AGVs, thereby ad dressing the
operational costs associated with expensive equipment. Experimental investigations
were conducted to assess the performance of QR symbols and color bars under
varying lighting conditions, ranging from 200 lux to 650 lux. Accurate distance
measurements were achieved withina range of 150 cm. In lower lighting cond iions
(100 lux to 250 lux), the RGB color bar detection failed at distances below 40 cm,
whereas QR Code detection remained robust. Angle measurements demonstrated
accurate readings up to 30 degrees fromthe camera's center, withindistances of 50
to 125 em, with an anticipated d eviation ofno more than 0.5 degrees. Subsequently,
QR code symbols were chosen as the experimental control symbol, complemented
by ultrasonic sensors for inter-vehicle distance maintenance. During practical
testing, if the measured distance falls below 60 cm. while moving in a straight line,

the motor ceases operation. Conversely, if the distance exceeds 80 cmy, the molor
activates, allowing the follower AGV to uphold the specified distance behind the

leader AGY.

Keywords. QR code, ultrasonic, follower AGV, distance control

1. Introduction

Warehousing is another rapidly evolving area, dnven by the high demand in the current
E-commerce business landscape[1]. The surge in online orders from consumers has led
to significant growth in warehousing activities, averaging a 26% annual increase from
202010 2023, according to data from theKasikomn Research Center. With this heightened
growth comes increased market competition, necessitating cost reductions to remam
competitive. One way to achieve this is by leveraging technology to replace labor-
intensive tasks, such as utilizing Automated Guided Vehicles (AGVs) in logistics
operations [2]. AGVs are autonomous vehicles commonly used in logistics [3], offering
the potential to streamline operations and reduce labor costs.

AGV (Automated Guided Vehicle) is a type of vehicle commonly referred to asan
unmanned transport vehicle. It is utilized for transporting goods both within and outside

! Corresponding Author: Natthawut Prasoetkarn, Email: natthawut. pi@g.sut.ac.th.




buildings. Operating on the principle of adhering to a predetermined path without
encountering obstacles, AGVs navigate by following a line, utilizing laser guidance, or
employing cameras to detect movement direction. They incorporate PID control and
fuzzy logic for lane monitoring [4, 5, 6, 7], alongside side control for zone regulation
(including U-tums) within the vehicle/driver cooperative autonomous driving system [8].
Adaptation to dynamically changing environmental colors within image sequences [9]
enhances AGVs' precision in maneuvering cargo and heavy equipment. However, a
notable drawback is their high cost, resulting in prolonged return on investment.
Moreover, the expense escalates with the need for multiple AGVs. Consequently,
researchers are keen on developing more cost-effective AGVs that uphold quality
standards and fulfill their intended functions, thus reducing overall business expenditure.

This research presents the concept of using a single guiding vehicle (AGV) along
with multiple following vehicles, where the AGV leader does not necessarily need to
carry a heavy load, while the AGV follower can handle increased weight. Therefore, a
motion control system for AGV following is designed using cameras to detect specific
symbols attached to the adjustable AGV within range. The system maintains distances
by measuring with distance sensors and commands the AGV to move accordingly,
including obstacle avoidance.

2. Materials

From the research studied, it was found thatthereare equipmentused for AGVs such as
lidar cameras, ultrasonic sensors, and so on. Researchers attempted to reduce equipment
costs, so they used the equipment as shown in Table 1.

Table 1. Experimental equipment

Equipment Specification
Computer Intel(R) Core (TM) 17-8700 CPU (@ 3.20GHz 16 GB ram. 64-bit
Camera The Intel® RealSense™ D455, Up to 90 fps, Depth Accuracy <2% at4 m
Controller Arduino Mega 2560, Voltage 0-5 volts, receive/send values, 54 digital
input/output pins, connected by USB
QR code Dimension 21x25 ¢cm
Color paper Dimension 21x25 cm
Lux Light Meter UNI-T UT383S
Light meter Digital light meter UT383S
Distance Sensor Ultrasonic sensor Arduino module.

(a) (b)

Figure 1. Hardware communication (a) and Warehouse area ranging from 100 lux to 300 lux (b).

From Table 1. Install a camera and ultrasonic sensor at the semi-central front of the
car with a height of 30 cm. from the ground. The camera will be connected to the

computer via USB type C for image processing, while the ultrasonic sensor will be
connected to an Ardumno. The Arduino will send distance measurement values to the
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computer for processing and control the operation of a relay to control the motors show
in Figure 1(a).

In the expenment, expenmenting with QR code detection and color image
recognition in a warehouse area ranging from 100 lux to 300 lux show in Figure 1(b),
without any other interfering light. At the lower light intensity of 100 lux, object
detection, whether QR codes or color images, may be affected. Therefore, the
expenmentalcontrol for the movement of the vehicle will be conducted at 300 lux as the
standard. The results of the experiment comparing QR code detection with color image
recognition will be demonstrated accordingly.

3. Methods

The research is divided into two main parts. The first part focuses on determining the
distance from the following vehicles to the symbols. This canbe achieved by using both
cameras to measure the distance from the color stripes and QR codes within the range of
30 - 150 cm and using ultrasonic sensors to measure distances within the same range.
The experiment will be conducted with light intensity values ranging from 100 to 650
lux to be used in the operation of the following vehicles.

3.1. Finding distance

3.1.1 Finding the distance froma QR code (Quick Response code) [10], which isa
type of barcode, mvolves utiizing a two-dimensional barcode thatwas createdin 1994

by the Japanese company Denso Wave forlabeling automotive parts. A QR code consists
of black squares ammanged in a square grid on a white background. QR codes are utilized
to identify, track. or inspect items in production, storage, and distribution processes.
Additionally, they are employed to assist visually impaired individuals and the blind in
obtaining relevant information [11, 12].

When receiving images from the camera, they will be compared with the original
image. Then, the angle detection process [13] will be utilized to find the angles.
Subsequently. the coordinates (x1, y1) and (x2. y2) will be determined to find the line
width using equation (1).

(1
fis focal length (focal length from the lens to the camera sensor)

W is the width of the actual object.

d is the width of the camera image.

D is the distance between the camera and the actual object.

From the expenment, Reachertested the values of f and Wby utilizing the prototype

image and measuring the distance between the camera and the QR code. The QR code

hasa size of 16x16 cm. Using Equation |, Reacherobtained the value of f. Additionally,
when measuring the width of the image, the camera allows us to determine the distance

between the vehicle and the QR code based on Equation 1. When the distance is less than
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R, which is the specified distance, R is transmitted to the vehicle control board.
Conversely, when the distance is greater than F, which is the specified distance, F is sent
to the wvehicle control board. Lastly, when the value falls between R and F, S is
transmitted to the vehicle control board.

3.1.2 Measuring the distance from the square color with a size of 16x16 cm, where
blue color was used in the test. Subsequently, the angle detection process [12] will be
employed to find (x1, v1) and (x2, y2) in order to determine the width equation (2).

d= [, =x, 02+ —»,)2 (2)

3.1.3 Determining the distance from an ultrasonic sensor entails measuring the
time between sending a signal and receiving it. To calculate the distance from the
measured time, the speed of the wave is multiplied by two.

3.2, Controlling the operation of the vehicle in moving forward and stopping

* When the control board recerves the letter 'F' through the serial port and the ultrasonic
sensor measures a distance greater than 80, it will cause the vehicle to move forward.

# When the control board receives the letter "S' through the serial port, the vehicle to stop
operating.

4. Experiment results

4.1, Comparison distance measurement from camera to object by OR code and color
scenario natural light

Conduct experiments to detect objects and measure the distance from the camera to the
objects at a distance not exceeding |50 cm. The objects nclude QR codes and color
images, each tested three times to calculate the average. The expeniments will be

conducted under lighting conditions ranging from 200 lux to 6350 lux or in lluminated
environments where both QR codes and color images can be detected and measured

accurately, with a margin of error not exceeding 3 cm as a Figure 2,

4.2, Comparison distance measurement from camera to object by OR code and Color
scenario turn off light

This experiment is similar to Experiment 4.1 but differs in light intensity. In this
experiment, the light intensity ranges from 100 lux to 250 lux. It was found thatat lower
light intensities, object detection for distance measurement was not possible because the
low light intensity caused changes in the RGB values of the color images, leading to
undetectable objects as a Figure 3.
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4.3. Angle measurement from camera io objeci by OR code

This experiment involves measuring the angle between the camera and the QR code. It
was found that the maximum angle measurable from the camera's centerline does not
exceed 30 degrees. The experiment was conducted at four distances: 50, 75, 100, and
125 em. The results show that the margin of error in angle measurement using the camera
does not exceed 0.5 degrees as a Figure 4.

From experiments 4.1, 4.2, and 4.3, it can be concluded that objects detected for
distance measurement should ideally be QR codes because they are less affected by low
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light conditions (below 250 lux) compared to color images. The maximum measurablke
distance should not exceed 150 c¢m, and the angle of detection should not exceed 30
degrees. Therefore, this information will be utilized to control the relay and motors for
the movement of the AGV (Automated Guided Vehicle).

4.4 The results of controlling the relay for the motors driving the AGV fo move
Jorward and stop

The resulis of the experiment controlling the relay to operate the motors based on
distance measurements are as follows: If the distance measured from the camera or
ultrasonic sensor 18 less than 80 em, indicating that the distance is too short, the motors
will not function. However, if the distance measured is greater than 80 cm, the relay will
be activated, causing the AGV to move forward. When the AGV moves closer and the
distance becomes less than 80 cm. again, the vehicle will be immediately commanded to
stop as a Figure 5.

Signal relay control motor move to forward and stop
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Figure 5. Results of controlling the relay for the motors driving the AGV to move forward and stop.

5. Conclusions

In the industrial transportation sector, there are two main types of automated vehicles:
Automated Guided Vehicles (AGVs) and Autonomous Mobile Robots (AMRs). These
systems come with high costs. Therefore, there 15 a concept to use cameras to track
autonomous vehicles using symbols. In this research, two types of symbols were used:
QR codes and color images. When tested under light conditions ranging from 80 lux to
630 lux, it was found that QR codes were better at detecting distances within the range
of 30 to 150 cm compared to color images. Therefore. QR codes were chosen as the
symbol for testing with AGV.

In testing the operation of the drive wheels, if the distance measured is greater than
80 cm, the vehicle moves forward: if it is between 60 and 80 cm, the vehicle stops; and
if it 1s less than 60 cm, the vehicle reverses. For the front wheels, if the angle is greater
than 15 degrees to the right, the vehicle turns right: if it is between 0 and 1 5 degrees, the
wheels stay straight; and if the angle is greater than 15 degrees to the lefi, the vehicle
tums left. Testing the actualmovement of the vehicle in symbol trackingalong a straight
path showed that the vehicle's operations could be controlled according to the specified
conditions.

Based on the testing, when the light is below 100 lux. the QR code cannot be
detected. Additionally, when the camera reaches its maximum range, the vehicle stops
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according to the conditions. Furthermore, if the speed of the leading vehicle 1s lower than
the following vehicle, it causes the following vehicle to mun and then stop repeatedly.

Recommendations:

l. Ensure that the speeds of the leading and following vehicles are similar to each
other. This will prevent the following vehicle from having to repeatedly accelerate and
decelerate.

2. Increase the detection range of the camera or consider implementing alternative
methods to enhance detection capabilities. This will make the vehicle's movement
smoother and more consistent.
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