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' AUTOMATIC NAVIGATION SYSTEM

This thesis presents the development of driverless electric vehicles for
transporzing medical supplies between buildings within Suranaree University of
Technology Hospital and focuses on designing and modifying driverless electric
vehicles with automatic navigation technology. To be used to transport various
medical supplies between buildings within tl:we hospital. The main component in the
development of an automatic navigation system for a driverless electric vehicle uses
a deep learning model using the instance segmentation technique. The sequence of
steps in designing has 7 steps: 1) set.requirements for design and development 2)
design and development of structures 3) design for sizing of driving motors 4) design
for sizing of steering motors 5) application of Instance Segmentation techniques 6)
design of automatic navigation systems. and detect obstacles and 7) design of drive
motor and steering motor control systems. In testing the transportation of medical
supplies between buildings within the Hospital. It has an average distance of 526 m
and an average speed of 0.7 m/s. The first case is a test of transporting medical
supplies from the nutrition building to the medical excellence center building and
the second case is testing from the medical excellence center building back to the
nutrition building. The test results showed that using the YOLOv8n model, the
precision and mean accuracy (mAP0.5) were equal to 0.868 and 0.9, respectively.
Driverless electric vehicles can be used as a transportation system according to the
specified goals. Electrical power used for both running away and returning is 255

watts and 255.02 watts, respectively.
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laun ju Cherry Aqua S9 taz Cherry Flare S8 Tun1s
a ¥ = v a U 1
wisgntaya dn1sldueundiatu Roboflow lun1suus
YadayadnlulAvmun 1623 a1 A159393ulAUn
9ane37u You Only Look Once v5 (YOLOVS) 11l

Feluunaruduwanslyiiuin YOLO WWuniialy

2

[

DANDINUNALUNITATIVIU LALWUIL AU LU UEN

dmu S9 uag 8 ag#l 0.7, 0.93 MUFWIU

2022

X. Lu bagmy

naBInIsaTIsuesemneay Weldlunisthng
lnanaslddaneSyiu You Only Look Once v5's
(YOLOVSs) Beiin1su3uvgelaseainelaonisld
DWConv 15U GhostBottleneck Liiaunuiilassasns

CSP Tu YOLOV5s
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= 1%

A1519%1 2.3 UITYMNYITBINUNITATIIIULAULALAINAVIN(AB)

=y ya o [J a a o
U A.f. AMSNIY N1IANUUITUIIY
2022 N. R. G ke NA1ININITATIVTUVUALRAANINNITALTALAALU U

a L3 ¥ a v
Sealnl Wnen1sauewuiniansly loT wagn1aiseus
WaaniauAUgynn Iaenislaluiea YOLOVA-Tiny way

YOLOVT @sdlin mAP tjil 36.02% ua 67.4%

2023 | D. Deepa UagAnly | Nd1309N150TIITUNGUUUNUAUUAIENISIEnATIA
image processing L1 CNN wagiinasun YOLO T9lu
N9M5299UMBINATIANISY segmentation la8ding

Tduendiadu Roboflow lunsinwseadaya

2023 | Y.Anebarassane ua® | na1289n15Wau1 ORB-SLAM3 394U YOLOVS e
ARY ASUSEUUAYINTNITL UV A INULAE NS UIEILATN
ORB SLAM3 tfusguu Visual SLAM Tddansiafunas
A59UNUT 3 §1R aehalsfinu ORB-SLAM3 flanuandn
Tun1smsaausaziUsdunn delalaunsaldnuiily
JEUUMUBUALAL ST UUERLUR In1suilufiunissiy

YOLOV8 Faillutsui3snn1305199udnguaznisuua

drusEansnmga 19ty ORB-SLAM3

luniseanuuukasimuig ueudlifiliaudu nsasiaduingieansivann
windeulagseuinndifgyesauin eanndanudnduinessuianmuindeulaeseu

Winlveusualnildagduaulalaegreliuss@nsain wanannuululsangiuiaumiine sy

[ ' [
ol a v o v Y

walulagasunsiglduinsuasupainsegluiui dulunissuianmwindenlaeseuidniu

v ' =

raAuUasndevasgldniesiniunsededlulnaiunnisvinauveseiueudln i Tuns

Y Y

e

o V.

anaduingiideldinisdrnanazfuaiianauidedinised 2.3 lnefinnsasunanis
Aunisil

3ufuann S. Sultana wasany (2021) hauenisasaaduiauneldanineiniaily
Besune 1wy luanmitiaduanndn Feiinansznuedadederiauide fudusdinisi
threshold fianunsausuails (AAT) wazdn1sidins9dureu Canny as1adunsaamune

e Anwiy wagtuas dnsly Probabilistic Hough Transform (PHT) Litens2a3udL ALy
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i Fsfinanmsvaaeuiinandiiiuinddnsnmnmaiuadeedi 94.12% uaznaededlily
nsn5193uegil 30.24 faddunfisewlsu uag A. Sharma uazame (2021) In1slda1wn
python lunisdeurdsdaelausns Opencv 19§ ansr9duveu Canny Tunisnsaadu
YDUAMUALLENTEWINEUNLULALOUY UONINTU Hough Transform gntunldlunsdu
@ Inededin1sesunefanannisvesdanaifiu RANSAC wag Sobel

Tuaudde R. S. Mamidala wazaug (2019) in1silasarieUssamiisuluunou
Tagdu (CNN) faelassa¥rauuy SegNet §4iin1s encoder-decoder Tnsldyndoyaain
Google street view 91131 2000 U w1 lglun1sinduluieayilidanuuduging 96.10%
MihsEssldanunsoanadueuauuiiiinsuatetaiddsld way H. G. C wasauy (2022) i
N1395393UAULAzRaUTEATA tnenislymalulad fully convolutional networks (FCNs) 111
Tshushedseziimamsudoyaaunuu 1795 sUuazuauvgn 1870 JU Jaunungaazgninsy
K11 YOLOVS @efinmsnaaeuanuuiugl 3 nsdl vesanimuindeuund fiuats fvane
LOUMYA B3N 78% 65% uay 75% ALEIRU Fenuinfinisii YOLO (You Only Look
Once) aldlusunmatuiauiazuouvgase sedaduiifenegimin Tuniddoves X Lu
uazAmy (2022) fin1sluma YOLOVSs anldmsiaduiaiesmneiauauu Tnefinisusuuss
Tuinaldidifatuainnasld DWConv $aufu GhostBottleneck tilounuillaseadas csp lu
YOLOVSs virlitasanumave silumaasld treviiliannsaussnanaldidatu uavenise
983 D. Deepa kaganiy (2023) lanadunauuuauululssmaduie Tnanisty YOLO wn
W87IN151533U wagdadiniskusdIunim (segmentation) wazn1snseusunnlung
wUsdruamduinisiuendndu Roboflow ualdlunsgasdanisain wudilunis
Wisuieuluiea NN ffanuusiugiade 93.34% uag YOLOVS fiAnaanausiugl 73.34%
warlusuiduves Y. Anebarassane $n15%aiL1 ORB-SLAM3 $111fU YOLOVS iianis
UszunauAvivnawuuisvalnduaznisiusdunin ORB SLAM3 1Tuszuu Visual SLAM 1487
avadunaraaunud 3 87 eg1alsfinnu ORB-SLAM3 Sanuandlunisnsindulasuusdu
A Bsliiaunsaldsufuszuuriusudias szuudalud@ fnnsuiulsaudlufeniss
YOLOV8 aidumsuiisnnisnsaduinguaznisutsdiunmyssansaings Wiy ORB-
SLAM3 uagiinmsuseifiuszuuuuyadeyadilamedeasisas nausinginssuuiilaiunis
UFuuseiiusedninimimilondn ORB-SLAM3 ﬁug’miuudmmm’muﬁu&hLLazﬂszﬁwﬁmwﬁlu

ANTANUI
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25 @3l

a a v v

Tuunyt 2 InsdiaueyiiahissunssuiazuITenineItesiuiIng1dnusil a1n
grudayanis 9 Ly IEEE ScienceDirect wag EENET tJusiu Fevilimsiufsuwimialunis
WyvesnwiTeiiingives Medastaseleuisnis Han1svedey YolausiuzuewiIdemani

= o $ % v o a a 4
LWE]U']?]’J’]@JE@JWﬂi%Eiﬂ@]ﬂ‘(iLLﬁ%WWUWIUUWSWUWUﬁ



3.1 Ui

| Y

Tuunildiauengui itisaesiuanuideluingdnusussnaunie saluingnluls

o LY wa = Y A = = aa o v k%4 U v o

sruuIMeBnluli nsiseuRadn sadunguiniiluimnsaluiiliaudu wasdainigi
aa o v 1Y) YY) i . = & ° a Y oa o !

ngwfMNg0a4iun1505993UTng (Objects detection) Fadun15un1siFeusigedinunsiu

Mol sauduinmnulasnneuniy

3.2 salnwnonluds

31nANAINEIMIInenIskasmalulaglusulygyiusshvgnse Artificial
Intelligence (A) Lasinavinliidddnvesnuudinuazninauie wasiinnudasndeluns
fuiluiin Inslanzegrsdaneluladvesdyyiuszivilunisaiauinnssusasudduindou
Slusl® (Self-Driving Car) w3afiSenitsoaudlsaudu Wueiumvuziianunsadiunidlilag
Lifesenfouywd Tnaszuurruaunstudgnosnuuunazlusunsuliaiuisaiviuay
MOUAUDIARANINLINARLLAYEIUATSAlAS o Tates Tneldmaluladeng 9 siudaduiwes
svuudszutanadeya seuvdinie wasnsitdyaiusefugneny 9§ wuus gy
Aoumasivim (computer vision) FaIeuiatiounilasuianinuwindenlansou loun
n&os uay Lidar n1si38u3i8sdn (deep learning) shwihidiasevianmuedenlngsou ma
mmgwﬁgﬂﬂ"WW%WWﬂ@Mﬂﬁ The Society of Automotive Engineers (SAE) U84

ansgowsn feguT 3.1 ausauusszivvessaswdliaududu 6 svau fall

5¢6U 0 No Automation : sgUUTaBUALNTAIINEINITATUNITAIVANNIDYIELUED

159U

5¢6U 1 Advanced Driver Assistance Systems (ADAS) : 53 UU%8H7uTluunsdiu

LU igUUWUUﬂNQUWNL%U LAY IZUUYILADATA

o

gAY 2 Partial Automation @ S¥UUAINTAVIINUUNBEINUAY LaRTuTnesagly

T
o

NTTUBaENSoUNILTUTIMaDAAN
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5¥AU 3 Conditional Automation : szuvatu1savIulaedaszluaniunisal
UNBEN WagdtuTanansariensauaulaluuaniie
S¥AU 4 High Automation : sagudauisavinaulnedassluaniunisainnivuall
- o & ¥ o« ¢
wiluunsdeulvdndudesinismivaulneuysed
2AU 5 Full Automation : sasudau1savielaedasennantunsallagladesdly

TG

LEVELS OF DRIVING AUTOMATION

NO DRIVER PARTIAL CONDITIONAL HIGH FULL
AUTOMATION ASSISTANCE AUTOMATION AUTOMATION AUTOMATION AUTOMATION

The vehicle performs all
er al
5. Zero human
tion of interaction
uired

THE HUMAN MONITORS THE DRIVING ENVIRONMENT THE AUTOMATED SYSTEM MONITORS THE DRIVING ENVIRONMENT

g‘lJ‘ﬁ 3.1 17m3371U3N The Society of Automotive Engineers (SAE)

ﬁuwgﬂmw: https://www.3cems.com/the-6-levels-of-vehicle-autonomy _n69

3.2.1 nMsAuIvuIatamastiindnsusaluin

dwsuniseenuuumanavewawesii 91lufewmsuAILIRAaINTes
fasn deludednisfnwmgediineideniiodinsziuazesnwuy welnlawuinislunis
Awinmusgean neazsuiadu 2 nsd fe nsdludanudusasnsdifinnudu villisaesd
M5AaaUNaBINTIT TunsallidANUTUNITDANUTULVNAU 0 DIAT FRS0LABULAFBUNUY
NUNNBHUNTLAMUTUYINAU 0 997 LaLNSUNTANUTUY A5092HDUARDUNUUNUNNT
AMUTUNINNTT 0 BIAT T8I UNTUNTANUTUTILLEAIN 10 B89A7 A29819AINUTUVDI
g a a A X a o 9 A P ~
WuiRzkandluzud 3.2 Wensusuwuuiui v ins usunuumsiadeuivassalag usad
= P ° v v & N A A P & A ] a & A
Neates ilvikuseanlaluaensdl Ao NSLARRUTIVLINUTITIU AagUN 3.3 wazuunuiinig

Fu fagun 3.4


https://www.3cems.com/the-6-levels-of-vehicle-autonomy_n69
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o

10
floor o floor

D L e (1] EEEEEEEEEEEEEEENEEEEEEENEEEEEEEENEEEEEEE

(nsadlaidinnedu) (NSAITN19ITU)

JUN 3.2 Auduvesituniniiansan

F_ *__“Ol

mg

JUN 3.3 nsmuambseaeainvesisawuliiiniedy

JUT 3.4 M3l smeanesinTakuuiniady

= o a Y « dl & o ~ !
LHBNITULLINNLAYIVBINUNTIILARBDUNVBDITONINUR QQEUV] 3.3 hay 3.4 NUI

| a a i « Ql‘ & dl a dll A & a
AUTOUUILTINUN AR BNITLARBUNVYBITDBBNLUY 2 EULL‘UU A8 NIEULLINIDLAABDUNUUNUNT
A 4:4' = X a da o = A a v [ a
5']‘ULL53&L‘Uﬂ3m‘V|ﬁ@Q§ﬂLﬂaQUVl‘UUWUN'JV]Nﬁ'J']QJ%u I@UNLL?QWLﬂUT’U@QI@LLﬂ FT A

u39anaIn (Traction force) tUULIINAMUATIANIINITIAROUNVBITD NAINITAAIUINADIN
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aun1si 3.1 F, Ao wsawnuiudivesinglusazisaninuda (Acceleration Resistance)

AuIle A9aun1sn 3.2 F, Ao WII61unN1un15iAGaou (Resistance to Movement)

aursaruinld dsauni1si 3.3 laslunisanuiunt F, andudeansiuan f, fe

AuaudRvesduUszdnsnisiadeunt (Coefficient of Friction) #ta1uisaniliaindoyaly

A1597 3.1 F, fie uw398uenie (Drag Force) uwsaiiindudloTngadeudiniueinia

lngavadremnudmumusoingaiunsaaiuiuld deaunisi 3.4 Falun13AuImkswIu

9INARBINAEA p AR AUNUIMULYBIBINANRUNNIUY 9 IINTBYA AINT19T1 3.2 WA

A1 C, Ap duUsyansuseIueINTA (Drag Coefficient) 3ndoya AIn154¥ 3.3 F, A0 W39

WNSLAEUR (Gradient Force) @3a1unsanilaannaunisi 3.5 lnslunsalusnnuindandu 0

dlosanldfiaudu (V. Cheng uay A, .. 2005)

Tnen

F.=F +F,+F,+F,

F,=ma

A

F,=f mgcos@

Fy = ferAFv2

F,. =mgsin0

N}

N0 o

~

<

1%

N ) Y
Ao Uminmisasiuussnnivan (kg)

2 9RSIIVRITD (M/s?)

o))}

1Y |

AB ORI WIaLNa (M/s?)

€

a £ ~ v o &
UUTLANIUTUFIANIURDNUNU

s
a a

UseANSUIIAUDINA

o))}
©

mo)))
()]
D €
A=

'
a

AD NUNMTNAANTNAISD (M)
A9 ALsITa (M/s)
Ao AUTUILULEINTA (ke/m?)

AD DIAIAIIUTUVDINURY (D96N)

(3.4)

(3.5)
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Rolling Resistance Coefficient () Detail
0.001 - 0.002 Railroad Steel Wheels on Steel Rails
0.001 Bicycle Tire on Wooden Track
0.002 - 0.005 Low Resistance Tubeless Tires
0.002 Bicycle Tire on Concrete
0.004 Bicycle Tire on Asphalt Road
0.005 Dirty Tram Rails
0.006 - 0.01 Truck Tire on Asphalt
0.008 Bicycle Tire on Rough Paved Road
Ordinary Car Tires on Concrete, New
0.010 - 0.015
Asphalt, Cobbles Small New
0.020 Car Tires on Tar or Asphalt
0.020 Car Tires on Gravel-Rolled New
0.030 Car Tires on Cobbles-Large Worn
Car Tire on Solid Sand, Gravel Loose
0.040 - 0.080
Worn, Soil Medium Hard
0.200 - 0.400 Car Tire on Loose Sand

(UBIR : A19997 3.1 919891948910 https://www.engineeringtoolbox.com/rolling-

friction-resistance-d_1303.html)



https://www.engineeringtoolbox.com/rolling-friction-resistance-d_1303.html
https://www.engineeringtoolbox.com/rolling-friction-resistance-d_1303.html

A15197 3.2 APUNUILUUYDIDINATURUUNNN 1 atm %38 101.325 kPa

ERIVHE AAURUIUUY

(®) ¥8991MA  (kg/m?)
35 1.145

30 1.164

25 1.183

20 1.204

15 1.225

10 1.246

5 1.269

0 1.292

-5 1.316
-10 1.341
-15 1.367
-20 1.394
~& 1.422

(VueLne 597 3.2 5wa§asﬁaagjamﬂ https://hmong.in.th/wiki/Density of air)


https://hmong.in.th/wiki/Density_of_air
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= Lo a £ v i
A9 3.3 ANFUUITEANTLIINIUDINIAVDITALAUITLLAN

Type of vehicle C,
Six-Car Passenger Train 1.80
Tractor-Trailer Truck 0.96
SUV 0.80

Sedan 0.45

Car (Minimum) 0.15

(M8Le) : AN5NT 3.3 91989UaYaN E. Aziz Uag Ay, A.A. 2008)
WaNIIUAMSIRAAINTA (F}) 3INNITAIUIUREITIENITOAIUINNT A wsadn
¢ = A & v & v o w = ° % 2
Yo3u0Ln0s (7) Fausslavewawmostslainduladsdrdglunisnazvirliauisaiden
¢ o v a a a S o 1 | M v v ]
195U TINUlA g 19T USEANT AN Neg9TI8anAlNYBIUBLMBS bADNAIEY taenlaann

aun1si 3.6 uenanldsansammaslwiwesewes (P,) lainaunisi 3.7

T=FR,r (3.6)

P, =(Fv)/n (3.7)
gl A SAfldosn (m)

R, . A AndudszAvsusadeanusyninanaiugniu

n AD UeAnSn U9 S Ua IR UNAIIIY

v Ao AusaIn (m/s)

3.3 SSUUUIAULAYIVDIEIUSUR

(3

svuuTIRULdea (Steering System) Iumuﬂmﬂﬂudwaﬁﬁzﬁm°’11ﬁmuaumnﬂ
Ussinansaaealasldednsasndonaziiiadosnmluvaz indeud szuudeiuiden
amnsauuald 2 ULuy A szuumasndsuuunsEyn (Linkage Steering ) 1uszuui
anunsnAUANNTSAEIvesdonth Tned madsmhdsiududnlusqadeuse Ssfinuuuensa
(Pitman-Arm) AlF5uusidnvzildeuiianig wuufiass fio sTUUNINABLUU Rack & Pinion

Steering MfiAI N TENE1UNIUANBUINAIMUULSN WHosndmuudugLasnauauslan
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TuNM5UTR IR NIINIFEUUY Rack NRARUYIBUADAULNUNAIRANTIVEITA LAY

1 [y (%

Pinion MfARsdaiuLnaInIeNdy tngsnuiletay WanyunI9u1d8 AT UNNILLNY
Rack WAZINANAEVLUALLAY Pinion Y lidenyumufian1anfednIs

3.3.1 szuutsAautaguuulansedn (Hydraulic Power Steering)

'
a

Duszuunldundulansedniiedieliddulauisamuaunisiaenvessald

Y
6V

agvavaInkavauysalundu neilidnvaznsvinaunidduleasednasieanuiulussuy
ilulensediniiediiasludegnde uazindmmuaunisinavesisu Hrevilvianuseldly
N1SULUNIINIFE wazdanuaiesuazUseangainaslunisiau susuunistehuiden

wuulensedn Asgun 3.5

Power
steering pump

Rotary __ Pressure
control valve tube
Fluid lines
P
—_—
Hydraulic F;g':rnJ Tie rod
piston
Rack

JUT 3.5 sULuuszuudsAuLdeLuulensedn

MgUnn: Buzzle.com

3.3.2 szuuUsAuLaganuUlni (Electric Power Steering: EPS)
szuudsAuidgwuulii dagud 3.6 Mndsnulnihlunmsdisdeduibeives
'3 ~ o A Y ) o % X v ] =
gugud tngdnsiauawmas i wdeusenuniauiay ynlinnsideleenwsitsyadkazdneduy
719g90ANNALAINAUI8 WAL UTE N ANH 1Y
sevutsduidernuulnihldlusinaeanisdeans CANbus Tun1saruaun1sUeAy

E8IWIUNI ECU (Electronic Control Unit) Fafuniieaiupudidnnsefindvessasus
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Tslnmaa CANbus Luu1nsgiunisdeasszuinsgunsaldidnnsetindnislusosud
Wuwesuazgunsalmunuidudu Fedrelvideyadsiusyningunsailfedsiniiuasd
UsgAvSnm desyuu EPS Faansuiuaumirseanisidenasndeiielimnganiu
AUL5IVDITA %gamuangﬂﬁqmuswu CANbus LUgs ECU LileU$un15vinanuves
wowoslwiilivihnuegamnzadluannizvessaiifnduiunises uenannil svUu CANbus
Fagreldau1sariinisnsradunazuiladanifiiint wluszvulded1esaminas i
UsgAnsnm viliszuutaduideiuuulniifiussansnmuasaaiiosgdlunisiieny
(Gﬁayjaﬁasﬁaﬁ 3.3.1 way 3.3.2 91989310 https://rabbitcare.com/how-a-steering-system-

works.car-parts.car-guide)

Steering Wheel Torque sensor

\Vehicle speed

v
ECU

JUT 3.6 JULuUszUUTsAUEEILUULnh

3.3.3 N15ATUIUIUIANBLNDSTUIAULAEALUU WA

al

TumsmuiulemesUieAuae) agldnemes Stepper fesUn 3.7 Inadundnnns

Y
o o & d" < v o & o a a &
nmseanuuumuszuuldudguuulnih Wewniluszuudeiuideiniiusednsnaimas e
FaviliftuTanun sadafudesldegsiemenasinwa Jadunitenegruwnsvanelunisly

U TuNs1E9NIURUBLARSANNNTALEBNEAAINA1TUILSIDATRILBLNDS (T, ) AIEUN1SA 3.8

m
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Wintluldeanwuulussuuderulasd kazaunsarinse (F ) 3nauni1si 3.9 39use F 8

AN 9As3UN 3.7 (9198908YANNtEps://www.gearservo.com/rack-pinion)

T =Fr (3.8)
F =ma (3.9)
el m Ao wmtinasyedenin vie intniuuniuveuiaueuniideu (k)
a Ao 8n38 (M/s?)
r A §Ai Pinion Pitch (mm)

Stepper motor «———

5UN 3.7 sUnuusruussuudadunldueines Stepper

3.4 WUAABIAINIUBIULUALWTN
wunwmesiduiladdyveseusudlnilt \Wuwnamdsnuildlunistuindousa

v & o v < = L
FINUNTODALUUYUIALUALABS bALAL '18’5111L‘Uu%u&iu{]zﬂfﬂﬂﬁﬂﬂﬁy}IUﬂqiaﬁﬂLLUUEJ’]UEJUGﬂWW’]

Y % N IS a a [ 4 s
wielieusudlidfieenuuudusedndam LLazmmzamug"dLLuumﬂmmsuaqmuaum
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Il Tun1sesnuuukumnesiinisailafadadssng 9 lunisesnuuy wu Al n1saua

a A

$hw1 anudaeade wagitnislun1s¥nsa Fawuawmesudasylalisusuunisldauuas

wa ! v IS a A aa a k4 (3
AELSANUAVILANAIINU Tneiinnssiusmaiinveswuawmesnidaruienlunisldnuluiueud

'
a o

Tl #ail wusmeInea (Lead Acid Battery), wumime3iiAauaniiieu (Nickel-Cadmium
Battery), bunime3atsoulesau (Lithium-lon Battery) waz@aufvuszqluiinfanan
(Supercapacitors)

3.4.1 wuAAaInzn (Lead Acid Battery)

CYN

- S A 1 al 9 % =
LL‘UG]LG]E]iG]%ﬂ’JL‘U‘ULL‘UG]Lmaﬁ/lLﬂ?LLﬂ‘V]ﬁﬂLLa%ﬂﬁ]ﬁ]UUﬂENQﬂIGUQ']UE]E‘JJ bUBDJAN

q q

(%
a a A =

Agnuazditgse Nsldau uddeideveanunmeivilall Ae Arilongnisldauduniniie

9

= o d‘a al a 901 C% o 1 [y} 174 d' (-7
Weudukuawedaseuleaau Juminuinyinlyldmung dunisldauuislsenniludeanis
A15029U VTN kUsMBIRENzUanenwlalasaurnzensa Ynluaeiiesd1nsus1sabn
RINELazSalgIaluNSINSIUUY

3.4.2 wunmesiiiauaadion (Nickel-Cadmium Battery)

a

A a aa = 9 & i = &
LL‘UGIL@@i%u&ﬂumﬁLLﬂﬂLSJEJiJQﬂWGMU’]iJ’WNLLG]U 1960 lnguuntnaIsing

anunsadiudnusliihalunisldalnildidedinisldanlunismeysguunmeIaunun

o

& = | v P ¥ v P AN v o I
A8 kazdallanmulumuanununIuRaiunsaltaulaluga 1w asuRb urI a3 audn e

q

a

LUAMesYliniliisauni1s¥3a (Charge Cycle) 88#1 500-1000 A3 InglunmaIviinlliveide
Pdsnatuniaenudn (Memory Effect) 3adndudosntaUszglimunnaundideazdiun
I3 M v - 4 a & % = = o ]
¥153lndle wazillosinuuamesylintusenaunieaisuanllo ugalinansenuse
anmwInden ilrentun1smdn wagnsudnovilvansananialuale Jagduinmsvy

nanveltlug e udlniimemeramuanuUasnsdedese
3.4.3 wualmesatoeulesau (Lithium-lon Battery)
da o < = A LY Yo a 1 14 (Y
wunwesasuuleesudununnesndagdulasuainulisueguniedade
19 9 Wu anudaeade aunuluszeren waen1sshwdsieae WWeewnawisainguun
Tdaulnila (Reusable) wuswasvlialiaunsadauseylnihilauinuas fadangnisldanuuiuy

Y]

J A a v a U a s = &
niwunmesviindu q uwazlulagtuiinissessumaluladynsaiss (Fast Charge) uananiles

[

H58UUN199ANITUUALADS (Battery Management System) vl ldwudgnindnany

WheANT1 Jaunsavsavaeivunne3diliviu nefiseurn$aegil 500-10,000 AT lng
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YOIAINANVDILUAMDITUALAD UT1ATADUTILNINIM UMD ITRADY 9 tavyinuldeis
fUszansamlugamgiiing 20 “C s 60 °C
3.4.4 aunuuszylnihBsean (Supercapacitors)
v @ a ¥ g I o [
siudsealniihgeenn asuseneumetalninasstangninslununvuuiy
Tnedauiuiigaduaisazatedianinslad (Electrolytes) Aunaradalniliisass nasiiv

[ [

wasuvesaunsallavgnianuliludulndiall (Electrochemical) @03ty lneiile

Y

o w

= = o A a A v & a a ° o
Wisuiisuiukumnesyindu q dunfvuseyluigeiniirinidedinneg (specific power)
I d‘ 4" a0 = U & A U ngQJ = ¥ r-:ll
NI UALABS FIUAT 500 89 10,000 oa/Alansy wenanildadeongnsidauneiunu way
aunsndnuszyliiisaersosnsalaisinduunnesiinaasuisanidafie 1,000 Wi s0UN1S
59vesuiuUszglningeinausadlana 1,000,000 A5e lunmsldnulussuulauiaeed

mythgunsalvdatunldnusuduuuanesvindu Wesndunuussginihdeindind sy

P T

e (specific energy) 8¢l 0.2 §1a 5 IpA-T3lussianlansy (Wh/ke) Fainiwunnes
3.4.5 NMSAUIMINIUIALUAADTAMTUSA LW
Tunseenuuuvauuamesansusaliididudeddmddureweines
Frauntsf 3.7 ullunsdnamdnsnislindsnulnih Aulstumussognauasinm
ansoutadnsnmslindsnuralunsdladuniuazdnduld E, faun1si 3.10 Tunsdl
Jafuvthansnsadudammsdndanulniisusaendunisiseds E,, faunsi
3.11 lnglddnuwugnisindeuiivessa 4 929 lunsdldaduni léun E,, 91us108nda
(Acceleration) E,, %19a1u52a47 (Constant Speed) E,, tsUdeslua (Coasting) uaz
E,, 93030 (Braking) lumsenduruidlosadinsisn eondsdnumznsindeuvessa 4 923 lu
nsdllsnesndsanunsamuinnIsasnisidndsuliihsunaenduniefisnls £, &9
aun1si 3.12 Teelddnvurnsiadeuiivesa 4 933 lunsdiandu Wun E,, thasiesnda

E,, 1RGNN E,, t3Udeslva waz E,, 929050 sanisduiaminsldnasiny

I lunsiazgraiansandnsinistdndnuliiivesssosniimuasiunnyis lunsdiis

(%
= Y 1

Wuni E,, wazinosnad £, fauni1si 3.13 waz 3.14 auaisu tnedl i JA169ue

1 49 4 UPNINUNINITAIUIUVIVUIALUMLA B3N 15995 UNT 1T URBL LRI BIN1T IV LT

051N NaINUINA L USHUMUIIUINTEU E, . eadun1sh 3.15 (Z. Yu way Alg, A.A.

batt

2009)
E,= E. .+ E,, (3.10)
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E,=E. +E.,+E.+E., (3.11)

Ey=Eq+ Epy+ Eps+ Ep, (3.12)

EFi = (Pn/nm nmv)x( SFi/3’600D0Dbazt vFi) (3.13)

Ey = (F/n, M, IX(S /3,600 DoD,,, vy, ) (3.14)

E,.=E xN (3.15)
el P, A9 AMAsTuresnewes (kW) 9999 i nstiiafunt

P,  fio Mauvewawes (kW) 9390 i NIIneevnas

S, A sveEn1a (m) 909 i AsERAAunTh

Sy B s¥EEyg (M) Y399 i NIUINDNA

vy A9 A2157 (m/s) Bafl i nsdldadumth

v Ao AuLEe (M/s) 92991 i nIRIneenas

n, A9 Uszdnsaanuewmes
A a a a s
n,, A8 UszAnsnimdunaines
DoD,,,, e UsgAnNSaInnsmeuseauauwunags

N Ao uuseulunTIeTe

3.5 SUUUINN9R LU
szuvthmedaludAduladaglunisadirawsesenuuusalnildnluifidiesain

Y a v i d' ° Y o a a o
G]a\‘illﬂqiLaaﬂimﬂLﬁquaﬂJ@@ﬁﬂWWLL?@‘V]Qﬂu’]VLﬂSLSU YU UILIULLENLY DY UILIULLAIUD Y

2 v =

vsnalusunseuSnadiuuenaiais Wudu Weswndadeandanedeuinadusg1ewin

a ¥ a A

wszdrsruunsdmisdazsliuuiiteuasdaide nuandneiu Inene3delasiulisa
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flan1519% 3.4 Tunrseeniuussuvimeilmaliafidraglun1siinislsenounie 3 dau

o
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3.5.1 mathmedeiawes
° % so & ¥ A 1 b dy a I & A4 1%
szuvthnsgawesiiludediuiuasvieukasidesiadaliluiunngnldeu
Unfunuagyioulazgnanaalusiianganiulagdeadlignuady sundsiitHuasiou
wagnARssazgNiveglumineAudNAeuIWMo5UedIIn Wagdzdl Laser scanner 719917
wihilun1sudesiazSunauawesteaziegnindeuumise lngduniiigninainlse
v - D2 9 | a a Y o = a
vugavassaielivdesuazSuiawesegeilussdnsnm dndnn1svinamlaeinisdaas
@l O509NAINLATOY Laser scanner LUNTENUAULKUAEDULEINANY 9 WA UTI19A

[

uLauawesaTgnavvieundulguaIes Laser scanner lnsudmuntauaziiniavesiiies
INNITAUIUAIYY kaEN1TIUANUMLILIY DL LA To UL ag lumigAuTuuiIse
fingnldlusimsuagliauisalilununldwdsldliesnnliaunsofadeunuasiounadly

Auismnzadlagaonvilvianuuiugianas fagun 3.8

sUN 3.8 NMsumMmameLaas

U

d

nagua (L. Lynch et al,, 2018)

3.5.2 nstneRemULiman
yhmsharanuisdivdnludunianisifiuse vuiiuia Ssuufisnasinisinge
duesusimanlylin dsgud 3.9 iletelunsnadvaumusdmanlnihanmuusivgn Tae
anusamuauiisnsldfomuiingn mathmsguuuuiiinishedediie Sdumamsied
«

Y] v ° @Y o o ' Y aa 1 <
UYALAU LATAUNUAT LANNTVDIING AB lﬂaqﬂqiﬂsﬁﬂuaﬂqwLL')@a@ﬂJV]Nau’]ﬂJLLﬂJLWaﬂIWﬂW

é{' ! [ = 1%
LummﬂL‘anLLaJman%gnawawiaﬁumﬂm
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JUN 3.9 wuwesnsraduwdmantih

3.5.3 A15UIN9A28 GPS

adegUnsaldidnnselindnhuiidusdudygraietluldussuiunaluy

'
=

Feums FeUszansnmlunisihmisesduiunnsdeasiumaiion Tne GPS \udunil
283 GNSS (Global Navigation Satellite System) Jasflussuuiimniesdeniiiien ﬁqgﬂﬁ
3.10 e dndnn1svianu fe ag¥anaivesdyuiufiiuniseninenifisyauiiaiu
é’zy,zyﬂmLLasﬁwmﬁﬂmmLﬁamﬁﬂLmﬁqmﬂ%’ayjaﬁﬁ’m WU ANazAgA (latitude) ao43qN
(longitude) Hudu edymnauadeuiidiuduussenmasiliiiannurainndou e
AINAAIALAADWRAETBY GPS ﬁiﬁﬂuﬁmwwaﬁ%éﬁl”glﬂﬁwaﬁ 2-4 m TugnuguRvuIaEn

o & v o o = v 9 a = v o
JududentSulsmasdandaailesaniidanlatunitaiuly wasiiewinededyyinain

adeudsldang funmsldluiunifidygudes wu meluenais Wusu

e -

U 3.10 msvnashe GPS

ﬁmwgﬂmw: https://www.goetting-agv.com/solutions

3.5.4 ANSUINIIAYLES
1AEN1IMSIVULALUTLUIANAIINWEIN LASUAIENA DI VS DU BDSTULAI LY

n1511n19 fegu 3.11 lagliisn1snanddnsenid welveusuddnludfnsiaduuay


https://www.goetting-agv.com/solutions
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« A A v o 1% I A ! I 4 1@
Lﬂaaumlﬂmmgwmwmmmﬁ ﬂ’TﬁJ'W]’Nﬂ’JEJLLﬁQlIﬂ’J’WiLIEJﬂﬂquuﬁ%ﬁ%ﬂ’)ﬂm@ﬂﬁﬂﬂj\ﬁu LbAIN

gnsumuladenn wazdaanismguallieaninnisdnvaevseiudsunuasvesduudunis

gih'?i 3.11 MU NAILES
ﬁuﬁgﬂmw https://www.cisco-eagle.com/blog/2023/02/16/comparing-agv-navigation-methods/
3.5.5 15419119078 SLAM
SLAM (Simultaneous Localization and Mapping) Humediadldlunisimg
Solwilh Tnavnisadsunuiivesaninuindaulunanieady Tneinldwuwes LIDAR
(Light Detection and Ranging) Wuuiwasnanlunisssysuniuazaiiawnui 1leann
LIDAR ansnsadassezmlauaiuguazinnuuduglunisadranmwesaninuandenlidy

9E1971 FlagUN 3.12

U 3.12 msvnase SLAM


https://www.cisco-eagle.com/blog/2023/02/16/comparing-agv-navigation-methods/
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a1fedayavnilenaz Jun it ldseuul ssuianav e us uAS Al ATEY
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PUsEaNS AW Wesannarunsaldnuluaninwindsuiilasundaals wazdaaunsasus

¥

Y

o o A
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q

anmuwndey sy (Mandeyavindedl 3.5.1-3.5.6 AJ. Moshayedi, 2019)
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3.6  Uyauszhvg (Artificial Intelligence)

Tutyulyausedvgnse Al (Artificial Intelligence) fiunumdidaylunisansedin

1%
[

%uﬂugm%qué LAZITUA G‘]Iuwafmummmm WWe931n Al dA21u2a1a7811190

=

)

w39 Anuazdndls Inenislideyadugilunisdndula Ssnnsiaunves Al e

o

o oA = Y a = a . I3 = a . . Ql'
d1Agy AB NISLSBUILTIANYNSE Deep Learning Wuntslumalinves Machine Learning 4

\udmiiaves Al fsgui 3.13

3.6.1 msisouiveanias

nsi3euivedA3ns e Machine Learning (ML) 1iun svilvmenfiaimes
WeaNanainnIsteuiaINteya waausluliingey viemanisal nann1vinnu
294 Machine Learning LiasfuazdasiiniaBeuinnyadoyasodiaieu (Dataset) anntu
itmundndudomauinvusidu (Feature) fredies iilelineufivmesvinnisBeus
(Train) wazad1s Model Funfioluldiadula udemanisal Ingamnsouts Machine
Learning aanidu 3 Uszlam

1. Supervised Learning vi3on1siguskuuilaau

n1sEsuskuLidaeu e N1sleusNLLIAnLazndnN1TNIldY

= = a @

e JeoradFeuldnnnisiiludnBeuidiiagnasy lngdnvuzreimnsSeuiusenniiaz

9

Fududin1sn1s Label Joua Fudunisszudayaliogsdmanindidvuneidusgrsls wu

Y 9 Y

[

msfnsulnnaifioduuning s dufosaeuielideyainmiuduinguuula
2. Unsupervised Learning %38 n1siseuslagluififaou
Unsupervised Learning %50 n1sieuslagliddaey iunisdeus
Tnglaifinis Label doya dwiudadufudomsuuunrielasainsuosdayaiiuios
3. Reinforcement Learning 30 miﬁauiLLUULa‘%uﬁ’léﬁ
Reinforcement Learning %138 m3i3eudiuuiaduninds Tdnvaz il
#93n15015 Label doyainiiounisiseuslaslifidasy uivzunnasiulaelaidulusie mn
Tnssaaes ualdudennisdndulanaglissiamies Tufeulviidmualideiu adedy

QUFRLNARRNA
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Atrtificial Intelligence

Deep learning

Text
generation
Question Classification Text to speech
answering
Context Speech to text

extraction

Machine translation

Image recognition
Machine Vision

U# 3.13 Al wag Machine Learning

9
v
MU3UnIM: javatpoint.com/subsets-of-ai

3.6.2 NM338U31W98N (Deep Learning)
Deep Learning 1Judauwils Machine Learning wasdaflimunegudeai
Ae n1svilireuiamesiian1sBeuikaziml¥a1u ud Deep Leamning aziinsldinaila
SnwarlaseneUszamifion (Artificial Neural Networks) fifiau@nuanesuilideuwuuan
N19Y119UDUTAALATUIL AL DY 1At Deep Learning Azdnann15AATEAGIAY Machine
Learning wis1afiufl Deep Learning 9¢8in13wn Feature fenaufinmes ﬁﬂg‘dﬁ 3.14 Deep
Learning filassdnunansvde wandeuldfuegraunsnaiadledsi Convolution Neural

Network (CNN) , Recurrent Neural Network (RNN) , Long Short-Term Memory (LSTM)
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Machine Learning

G — |y — 5353 —

Input Feature extraction Classification Output

Deep Learning

Gip — STFESES —

Input Feature extraction + Classification Output

g‘dﬁ 3.14 AFEUIUNITNTYINIUYBY Machine Learning Lag Deep Learning

ﬂmg‘dm‘w: medium.com/investic/deep-learning

3.6.3 Convolution Neural Network (CNN)
Convolution Neural Network (CNN) +Julasag1aiiieusuuainszuy
Usganmnenisuediiuvesyed Nezresnmduiuiiges o Wisflazuendnsuzinuesni
o 4 ¢ - Y1 A Y o Y v 14 IS
Mliaiusamanisaldngimuladinfessls deingnirunldduausiugunin laed
(3 Y v dy
29AUTENBUNAN FIU
3.6.3.1 Convolutional layer

o ¥ [

Convolutional layer lngiinstiteyaldn (Input) udiiiunisaau
Tagdu #1e kemel Tnan1sih kernel smuiudayanin wntuihdeyaiaesiga
fu vnsideusenld T dewiemuiiiiiun duneuiisanda Stride nmsnspviies
¥loilg Feature Map Aiflvunadnas seudesndudonfuveuviadu 0 Whldeu
nsvireuligtuisendt Padding gl Feature Map FlgfluwayiAu Input s
vihaoulag¥u fsgufl 3.15 Padding fseiu 2 Tuun Ae Mode = “valid” &samnsn
miAvesedinaliainaunisd 3.16 uag Mode = “same” 91n@NNTTA 3.17
uaﬂmﬂﬁiumaﬁwﬂaub@fﬁummmﬂ%’um‘d’aﬁwwﬁa Strip Faazarelimnediuares
maﬁmaubq%’ulﬁaummﬁffmum WU 81 Strip = 1 eeswafazideuld 1 99

anunsaAaednalely Strip la deaunisi 3.18



38

Input Image Feature Feature Map
Detector

5U# 3.15 msvihnureulgiu

ﬁuwgﬂmw: superdatascience.com/blogs/the-ultimate-guide-to-convolutional-neural-networks-cnn

O=n+2p—f+1) (3.17)

O=(n+2p—fs+s)/s (3.18)
gl 0 fe vwndifvesodng

n A fifvesBunn

f fio Nfvosames

p D VUNANNLYAVDILARLAIUYOINTS Padding

s fim AINTT Strip

3.6.3.2 Pooling Layer
& & oA = & a
Wutufdisanuunved Feature Map Tlauiaanas waziiy
UseavSninmsuszananalisindi8elu uuseenlalu 2 wuu Ae Max Pooling dwsunns

afnaL1ANgaEn wae Average Pooling dmiumisanimenAiaie fegui 3.16
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Max Pooling
3 9
9
Average Pooling
2 6
6

gﬂ‘ﬁ 3.16 Uluun1T Pooling

3.6.3.3 Fully Connected Layer (FC)

Huduiidoulossening Feature Map uagnadws wuuauysal
3189 Neuron Network sianunfiogludugniineves Feature Map azgnunluiudsy
suluuidy Vector (Reshape) #i3ai38n31 Flatten Tngfintiiisuunuszian (Classification)
dnwulusuuszian Classification N15952339U (Object Detection) Tudiuassnislgau
UszLan Sematic Segmentation Fuilazgnunuiifiaedu Convolutional layer iflasandos
Feature Map IugﬂLLUUﬁuﬁ WAIUUTELAN Instance segmentation a1 Mask R-CNN o
W uN19109% 9 Faster RCNN wag FON u1ld (Fadedl 3.6.3 §1989a1n

https://guopai.github.io/ml-blog19.html)

3.6.4 Instance Segmentation

415U Instance Segmentation tHuwmaluladfifiauaiuisalunissiuun
Pixel woa5UnmMIuuanld Ussyndldndnnisues Mask R-CNN fsgufl 3.17 e
uidgymasuUangunsalinetg (instance) Tnsmsuiandwansuesinglugunimmugluu
M39AINABIVOUIA LATWANN1TYDI Mask R-CNN aidudruiiléarnineves Faster R-CNN
swsadumsthsumisiiaula (Region of Interest: RON vosfanudnusy (Feature Map) 7
fvnaunnssfuiievinninesaudnuae (Feature Vector) fifvunaasiiiilusifiunsly
Fu Fully Connected Layer wagilendu SoftMax Lﬁal,%’ngﬂﬁzmumﬁﬁmuﬂ (Classification)
wazlaAveinguvesing wagaiusamnuailmuislunisseyduniaves Convolutional

Tun1n ¥3e I9le MENITASINTIURALSEUNYE
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Feature WVector

Classification

Feature Map

SUT 3.17 waNN13989 Mask R-CNN

3.7 YOLO

¥15ane37iu YOLO (You Only Look Once) unldlunsilinaau 31 YOLO Suidumils
Tunguluma CNN Fefloulflunisnsiaduing Wesaniiaunada waglinineinsves
winstoelneldn1sussutanavumiieyssuianan1nnsaiin (Graphics Processing Unit:
GPU) Fwinliniimurvanenguanunsadiislding uasdagnitamnuiegisetile sauds
nostutagtu Tiun YOLOVS fimunduuuinsuise PyTorch siivansluinadided aurn

wisdwesuazausalunisussuanaiiuanseiu Gagui 3.18 waz 3.19 YOLOVS 1

lumaildanudne @z wassinse saussdenulanauluS o esanuwiugl Inendnnis
M9uvee YOLO azuvsnmeonidudunuiiuimduuden (grid cell) uazdmsuunagidu

' (%

w9N1IANA IR TITUIRgNagluiuity q Tudaiuniiareding aunvesing was

9 Y

ANNTUlaluN199 59990 wazdigawiulunisuessninvsedssananalaluasufed lassasneves

YOLOV8 faguil 3.20
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1o 454 S
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O 35 - —e— YOLOvVS8
© Small YOLOV7
30 - 4& YOLOV6-2.0
YOLOV5-7.0
0 20 40 60 80

Parameters (M)

sUfl 3.18 nswlSeuiflsumiiimesues YOLOVS

ﬁmwgﬂﬂ : https://raw.githubusercontent.com/ultralytics/assets/main/yolov8
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£ 40 -

o
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O 35 - —e— YOLOVS8

© Fast YOLOV7
30 4 4& YOLOV6-2.0

YOLOV5-7.0

1.0 1.5 2.0 2.5 3.0 3.5
Latency A100 TensorRT FP16 (ms/img)

UM 3.19 nsmliSeuiisuninuiiussaianaves YOLOVS
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YOLOVS @ Rangeking
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YOLOv8 Architecture, visualisation made by GitHub user RangeKing

Ui 3.20 lnssaiawes YOLOVE

ﬁmwgﬂﬂ M https://github.com/ultralytics/ultralytics/issues/189

3.8 ROBOFLOW

Roboflow 1ugendwis Fanthaenisiinu Asgun 3.21 uazsiluaieadioliuinig

=

Tun15%n Labelling de3U# 3.22 ansauvsnusenilunatediuiamionyndoya

(Dataset) ¥aaulunguvesneuimesIimilanSouiunatediu wazdsluuunisinany

al

$3UUY89 Roboflow TunstiiugunIn (Image Augmentation) fAegu#l 3.23 uagiATodilad

Tidianyataua (Export Dataset) finduagaintunisideulaity aremgllyatayagn

U9 waz sz uAe3UIBUsENaU (Annotate) iie Roboflow Fudugendwisnyelunis

Fansgunmilumusing o Wy msuurnakarldmesuigdiulsenouresnin uay

feanusaulastoyaludsgunuusing q fdesnislasnie


https://github.com/ultralytics/ultralytics/issues/189

No Tags Applied

Mo Tags Applied

JUN 3.21 feghanthrnauaninisldanugenduas Roboflow

U 3.22 fe81am3 Labelling Uumomiuas Roboflow
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Fiip
Ak hoeizantal o vertical fis o help yeur
s

o b inyenstive 1o subject aneatation,

How Flip Augmentation Improves
Model Performance &
Flpping an image can improve made!

i susstantsl ways.

Jogiashiredy

3?.117; 3.23 m’iLﬁugUmW (Image Augmentation) UuaNALIS Roboflow

3.9 Node-RED

TUslamaa Message Queuing Telemetry Transport (MQTT) %5© Node-RED Qn
9ONLUULTRNABIUY M2M (machine to machine) Ao n157iAndedoasszninagunsalriy
\n3etneBisesiinviegunsnifearstugunan dwalildsuldvainvans vadenuam
gunsaling 9 leluszeglnduazlng esannaanudones1aunsvats Node-RED Jagmiann
Tis093uszuuUfiRn1sie Window waz Linux Wslapea MOTT flduuszneundn 3 ot
A9 1d1 (publish) 35U (subscribe) wag AINA19 (MQTT broker) lagn13iudeazaiusavin
rinugUnsaifiseafu MQTT 1fadu G1989donaann httpsy/medium.com/mmp-

li/%E0% -2018-3fcabed140f9)

1516974 Node-RED lusguuufufnis Window lngnaiaininfs Node-RED ka7
Tuanusaisenldamniiy CL lalagnsiniAds node-red fsgui 3.24 antuidy url Aild
lustasiAunly googole aglantinr1an15v19uves Node-RED fe5U# 3.25 uenainil

Node-RED f3a1u13ainnslausn3 (Library) a3 9 ietaglunisviinuliidsainuingadu



7 node-red

(base) C:\Users\Acer>conda activate sut

(sut) C:\Users\Acer>node-red
22 Feb 08:00:04 - [info]

[info] Node-RED version: v3.1.5

[info] Node.js version: v20.9.0

[info] Windows_NT 10.0.22631 x64 LE

[info] Loading palette nodes

[info] Settings file : C:\Users\Acer\.node-red\settings.js
[info] Context store : 'default' [module=memory]

[info] User directory : \Users\Acer\.node-red

[warn] Projects disabled : editorTheme.projects.enabled=false
[info] Flows file : \Users\Acer\.node-red\flows. json
[warn]

Your flow credentials file is encrypted using a system—generated key.

If the system-generated key is lost for any reason, your credentials
file will not be recoverable, you will have to delete it and re-enter
your credentials.

You should set your own Key using the 'credentialSecret' option in
your settings file. Node—RED will then re—encrypt your credentials
file using your chosen key the next time you deploy a change.

22 Feb ©8:00:10 - [info] Server now running at http://127.9.0.1:1880/

22 Feb ©8:00:10 - [info] Starting flows

22 Feb 08:00:10 - [info] Started flows

FIREBASE WARNING: The Firebase database 'agvhost-default-rtdb' has been deactivated. (https://agvhost-default-rtdb.firebaseio.com<a7a6227d6d93e8

sUT 3.24 n358nT4 Node-RED

0ceeb

By Tonsiste @ NewTob  (ff hiipsyA

Flow 1 +

common

= «IEEE

- — irger & iock [3)
a

e -
[ hitos /iaguhost-defeultdb firebasero comlemais on( value®) dabug 1 h ]
o
+ function
function foeton 2 Tngger & block g T
swach
change
e
template

gﬂﬁ 3.25 MIRN9N15 199 UT89 Node-RED

3.10 Python

Tul 1991 TUIHNTULLBSADUNILADS VI ULTDSHAUR ¥9 Guido Van Rossum Lt ugiasns

Y

(% '
% =

Python #8391 1n191 Python lasuanuflediindusdeaneidesnawdtiugn dadunaun
nANaNisatunisidauivatnnatsuaridused@nsain wu nrswauivlee
(Web Development) N15imugalanIs N153tA5181daya (Data Analysis) N15a319ue

AU (App Development) N15¥1 Machine Learning kag Al (Artificial Intelligence) 1u
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sy lay Features U89 Python f# 44 Python is Beginner-Friendly, Python is Easy to
Learn, Python is Highly Versatile, Python is Super Flexible uwa¥ Free and Open-Source
S ey & aa o A =AY ] & o

MUANIEAIUTUNUBUVDY Python PININATINIRILY wunlausi3ees Python Wudiuau
wn vilidesenslinunsdniuiimunniwasfisusulua Ing Python filausisuinnia
137,000 s1ensdmsunisussendltau lausisneulu Python st Matplotlib, Pandas,

NumPy, OpenCV-Python W&z Keras

Python Qﬂﬂ’mmmasiwﬁial,ﬁaq Python 3il Python IDE Ao adesilanie
Fawandoudianuisaldarn Python leegeasudau ldiesdunsdeou nmsuily waznis
NAdayU Python IDE fildsumnuiisy Wy PyCarm, IDE, Spyder Lag Visual Studio Code
Jusiu (§198300ya31n https://aws.amazon.com/th/what-is/python/) fieg1ansldau
Visual Studio Code #s5U7 3.26 Tud1uve9 Python Syntax fignesnuuuanliadiedy
1181830 Iae Python Syntax %mﬁ'amu?‘?@uﬁai%ﬁmgﬂw%mamwiumi’mia‘u
(5’1&5&‘5@%6} https://www.w3schools.com/python/python_intro.asp)

Search Damoe - a X

r - serial.Serial("COMIS', 230400)

9 os.environ['KMP_DUPLICATE LTB OK'] = 'True
viron['CUDA_VISIBLE_DEVICES'] = '8

2 # Load the
model = voLO(®

1
1

1

1

1

15 # open the video fil
16 video_path = 1
1

1

1

2

cap = cva.videoCapture(video

path)

# Define the codec
fource = cv2.videol
out = cv2.Vider

while cap.isopened():
success, frame = cap.read()

results = model (frane
result = results[e].plot()

if 5 in results[0].boxes.cls.int().tolist():
index_6 = results[e].boxes.cls.int().tolist().index(5)
sults[0] .boxes.xywh| index_6]

x _wh[o])
y = int(xy_wh(1])

Ln60,Col21 Spacescd UTF-E LF Python 0

SUT 3.26 fhegransldinu Visual Studio Code


https://www.w3schools.com/python/python_intro.asp
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Tuunilldnanfmguiuazudnnissng q Alluednerdnusflumstaumeiueud
T Fetlvatoradl srusuddnTuTd msfnuwaTrvessosrlufRlaudy ssuudfuiEe
srUudImednlugd@ n155eui¥edn dana3iiy YOLO wevduis Roboflow 1Uslnaas

Node-RED uaz Python msfinwduaimguiieinlvléilunwimsdunmsuszandldseoly
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= ¢ a & A a 9 N = N o W a
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duvnsdmdesavilunll wagiduneduasazduuindu lnegadied fe nvenveseIueud
TlFaudy dagun 4.2 anewe enaldliaenmunnvunliynaaidesainazidenaily
a = - Y 1% - o A - o a
NMSAUNNVRI30) IAELAT FiB I uaUY AIFUN 4.3 wazndivdes fe malen AsgUn 4.4
= o o a v o Y = a =
%43in15 Label Fnquardifinni199feIn15ns1adu Usznaume Ureduas Trediden died

899 1@ AU uazlay
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a
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¥

(n) Ynvenu Al () N5 Label ngieives

q

% 4

JUT 4.2 (n) nvenvedeugudlnii wag (1) TngiFein1s Label

¥

(n) UINaUUVBIE UL UALNTN (¥) M3 Label ngieives

q

JUN 4.3 (n) Intunuuveseugudbilin way (v) Tngiidesnis Label

q

(n) YdevaeueuAlilin () N3 Label ngegives

q

v A

JUN 4.4 (n) Iodgveseueudlndi uay (v) Ingidedns Label
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4.2  YanNIUAYRINITBaNLUULATNAIUISa WA LS AU

Wesngmeualniliaudugnesnwuukaziauunlddwsdund miugde e
9115 kazlenansiie 9 Fgnldnuluusnalsmeiuiauminerdemaluladgsuns way
Issngruafiderinuanig o Amsivuaidungune Weanudaauiazidilaluineidinus

& a a Ao A = & = 1% ! ¢
uI@EJﬂ’]ﬁLWU'ﬁﬂﬁlgLﬂu3ﬂ(§n§JLLNUWWQEUW 4.1 %Qﬁ]%LﬁuuqiﬂJﬂJﬂqiLﬂqa’]ﬂqﬁ LNINEINYTUYUR

a

Infihdvwalvgdadreimslaen wasniddsaneruiauninerdemeluladasuisinisUanu

[

maiusasenseielilisavinalvgindeunniudilule Weasmiunuddifinuiniiane

(%
Y

Tinausalaeg1sazain Fag1niazyinnisnausale Natdsdivamuuanlaneliidosnunaiia 4

€

[

[RIN

She

4.2.1) salwihsaluTRanunsandeufinudunisfirnuals

4.2.2) salwirsnlufRanunsoasaduisinunatagngasald

4.2.3) anusaasanvessa ihenluifliiu 2 wes/Awnd

4.2.8) muduresedslaiifiu 10 oge

Uinalssmeuiauningidomeluladasund di3ufl 4.5 aansaudseonlidu 2
du Ao Usnuiludumaiusavielauauy wasusnadmduniai fauiesnidudes
LENLALALUDBNINTN AU [l DMAUAN UT NN AU LLazLﬁaqmm?nmhqwmmaﬁ;:Jﬂu
LazdAau2199 1IN NTITA Y9N e Lvessa i s lu R dudeafiunisnsidu

A9inv119619 9 W luBnmedsaznanisluiidensld aninadrsduueniuiionnnnis

[y A

AT1RdulauauULE? 199 uTudeInTIaduingdu 9 fae 1aedSNSWUIEIUNLUY Instance

9

=

LaztHDINNITUUIAIUN MUY Instance AnslEnTnensvasasuiamesun Fuin1san
FIuuRaIEN1IR U T T U Wy ndeen ua Vel Wusu dusudisuinsnisaay
Uaondededinisiiy LIDAR 1iian3393uingliaiunsansiaduaisn1shusdiunmuuy
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JUT 4.5 anmundenvedlsainguauingrdeinalulaggsun’

4.3  N1599NLUUIASIES19U950DALULR

LY

sodunvuiww luinerdnusie saldiuuvenfeddul fagun 4.6 lngvuia

Y

4

lnseasevessn Am1sei 4.1 Fsluinerlinusiesnisanwdauasimunsalniuuvended
v A g o wa e Yoo % ] v & A = v = 1Y

FJuAdusadnludAnlddmsunsvudaiuiue Wewiniisasukuuiinisesniuulasiainegm
WwdIlaun wummed Nawastuwmdou seuuliAubed Avuidddlasiaieguuuuinues
Ao LuawaTLArIUIALBLIABTTUNADUY Wi ALTUN1TERNLULLATAWIMITEIEEN YA

s @ A - N ay v P 4 = ¢ | Sy o«
waweitumasuialunsalnliaiuisaldsiduls wardigunsalunsdiuiidesinisudle
Wasulndilieswnfiinguszasaluniswasunvanususudliautuiadnisiasuudas
JEUUR1S 9 A9l SEUUTIAULEET NSAIUANLBLABSTULAG O SEUUNINIERIULR waznIs
v a a % = YA = . o %

ATIITUERAVINIENITIT8USLT AN (Deep Leaming) WONINNITUALULATAALUAILAT
maidelaesnuuuliing 3 TAvessa fagun 4.7 lngnsleuwuunielsunsy SolidWork
Wiali1a99UIAUe9309 INUUANTUNTTURDUNITEBNLUUKAYAAWUAIINTIWNE 3 515 ¢

MsRALUAaIINLUUlATEVIARNIEYDIIT FegUN 4.8
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3

JUM 4.8 uuulassas ANz

= %
A1519% 4.1 VUALATIES19V095D

(RnAugNaN)

TAseEse WA (LYURLLANST)
AINNEIYRIITNANTY 37
WusUANINane donth uay Aanas 31
AIUNING 75
ANNY 226
AINEY 120
SEYLUNTLNINNAD 66

1 %) Y = v v
SEUEYNINAUI UMD IR NN 42.5
(RnAugnang)

1 % U = v U
SEYEPNINAUTUNSIDIA DA 54
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4.4  N159DNLUUNIVUINUDLADSVRIsa WA S AU

A5DBNLUUMVUINL DB STULAADUYBITR DAL ULTRT NNSA TR stadevatatadenny
WdeN 3.2.1 FNNsAINNILIRAAIN wiela wagiiadlniln dsaunisi 3.1, 3.6 uas
3.7 AUAIRU WOV VUIAR N AU DIUD LA DS b TULAR D ULT LAY U AN E AN TINITATUIUDL
a & N A ~ A X dav 1 ) ~ A g Adada
NINFUNIADINTE] AD NIWIOLAADUUUNUNT BT ANUTU haznsalsaLARDUUUNUNNT AL
Tu AN 9 FI9195199 4.2

LY

A5199 4.2 ANNNHRSNTEA1LIUALSIUALAE TNAITUVDIUDLHDS

WIsne S ALY wihdu | widae
m UMTNAIT0TINUTININEAZIER 300 kg
g RTNIIUNN9 9.81 m/s?
f. UUsEasusLduaniudenuny 0.015 -
0 ANTUVDINY 10 9977
p AINUVUILLLDINA (Rumgiliade 30 esmiwaldes) | 1.164 | keg/m’
C, U2 A5 sRUeINIA - (9naU) satal 0.45 -
A, HuvThAnRNIgmMUNtse 0.759 m?

< | 2 -
v AIULIITA (FIAINULIIAIN) 1 m/s
i )RIIIVBITE 0.2 m/s?

- GRRRRA 0.15 m
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AIIUMILSRAAN 9N F, = F, + F, + F, + F,
desmnausiildfatesunndsiuidy £, = o N
AmualA m = 300Kg ,a= 02 m/s?, f. = 0.015,g = 9.81 m/s?,0 = 0° unue"
F, =300(0.2) + 0.010 (300)(9.81) + 0

ety F, = 104.145 N
AumLssln 9n T =FR,r
mvualyt F,=104.145 N R, = 1.1 uag 7 = 0.15 m unue
T =104.145 x (0.15) x 1.1

fetu T = 82.0193 N
AUIUINENBNO3 99 P = (Fv)/n
AmualA F,= 10415 N 4ag v = 1 m/s n = 0.9 wnua)
P=104.15 (1)/0.9

fetu P = 115722 W

A1SATUIUMINNANBLADS: NSELARDUUUNUNNTANUTULALYINILNDDDNF

AWINLSRRATN AN F, = F, + F, + F, + F,
dlemnmuiilddatosmngdaiuidd £ = o N
AUl m = 300Kg,a= 0.2 m/s?, f, = 0.015,g = 9.81 m/s?,6 = 10° WNuUF"
F, =300(0.2) + 0.015(300)(9.81)(0.985) + 300(9.81)(sin6)
fafu F, = 615.480 N
AUNILIDa 90 T = FiR,r
VAl F,= 615480 N R, = 1.1 uag 7 = 0.15 m unue
T =615.480 x (0.15) x 1.1
Feilu 7 = 101554 N
AUIUIMAIOLRas 910 P = (Fv)/n
AUl F.= 615480 Ntag v = 1 m/s i = 0.9 Lnue
P =615.480 (1)/0.9
Fetlu P = 683.87 W
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AIIUMILSRAAN AN F, = F, + F, + F, + F,
demnmuiilddtossnndaiuddd £ = o N
AvualA m = 300Kg ,a= 0 m/s?, f. = 0.015,g = 9.81 m/s?,0 = 10° unuen
F,=300(0) + 0.015(300)(9.81)(0.985) + 300(9.81)(sinb)
§aifu F, = 555.480 N
AuLssln 90 T = FR,r
mnualyl F, = 555480 N R, = 1.1 Uag r = 0.15 m Wnuen
T =555.48 x (0.15) x 1.1
fethu T = 91.654 N
AIUINENLRBS 910 P = (Fv)/n
MnualA F, = 555480 N waz v = 1 m/s = 0.9 unuen
P =555.480 (1)/0.9
fatu P=617.2W

ASIANIUINNBLADS

Taeiiionns Overload Ju 1.25 wia
é‘l’\‘l‘iillu YUIANBLHDS = 683.87 x 1.25 =854.8375 W
M3denruInLewmesFaiaIsanTiuinnd 854.8375 W
ilosnuewmesidegudndu 1400 W
Tnestidndail 1400 W, 24 Vdc, 4500 r/min, 60 A fsgUil 4.8
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. B

aegun 4.9 wawesnldlunisiuiniiou

45  n1seINLUUIMTLIANBINDSTIAUIAEIvRsTa Wi SAuty
lunseenuuuszuutsduiden anmsasenuuuldlasmsléa T, Aldannsdua
wlflunsdenvuinueimes Inslunsdunubudndudomsvus F laglufidsisels
Mnmsinussisionisldondeauis famuiiidnaivegd 180 N 91ntudesinisunldly
msoenuuulugUuuunstifudeIuuULS AL uATiL oY

N15A1YIUuSITR

NNEuNT T, =rF

wnuAl F = 180N, r =0.14
T,= 160 N x 14 x 10
T, =22.4 Nm

% Safety factor 200% ot
T, (200%) = 44.8 N

a3uUn13A 14304

asunanisAwim : T, = 44.8 Nm
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NY15UINITATUIUNIVUIAUBLAB SUIAULAEN

ASLEADNVUIAUBLNBSUIAULRED d@usaLaantaannAksaiantamwIdld wunluaiuisam
YUIALBLHD SNV UIALANTTATLSITR 44.8 Nm

U 5 =S a =l 6

FIUUFINITUNADNUDLADIVUIR 2.8 Nm

wan i AesNaTaU Inedons1d1unitaniuIeneInaInaal 10:1 20:1 40:1

=~ a aw \ = ') a v a o A av v °

FINITUNNDATIEIU 20:1 FIALSIOALNALALITULSITANLAINNITAWIN

Tm=28x20
Tm = 56 Nm

AU UALMBSUIAULALITLITUUIA 2.8 Nm 3.5 A

° o 3 ¢ sa & v o & & fa o v
ﬂ'ﬁ/ﬁ‘UﬂLWULﬂaill@L@aiV]La@ﬂisﬂusq@UﬂﬂULaﬁl’JsU@QLLiﬂLL@u@WLu&Ju 8918 Hengyuan

v a

U HY57DJ114 ¢aguf 4.10 Wessannlasuaiuflenegnaunsnats 16aude uenanilded

! v o A a Y 5 ¢ = = PN 6 Vo
37?’1']?’1@“%'1@@%11@LV]‘EI‘Uﬂ‘UL"U@ﬁI’JlI@LGIai %QLUUVHQLaQﬂWLﬁNW33M1Uﬂ7§U§3EAﬂG}17§ﬂU%ﬂ

9

[

aduiaenvessatnihliauty uwaslisnazifonnaudiiiuiy fw1sed 4.3 (87198909ya

Y

970 https://www.zonemaker.com/)

H R

HYS7DJ114
18" 3.5A

U 4.10 auiiesuaimesdie Hengyuan u HY57DJ114
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A15197 4.3 SeaviBenuautRvesaivilesuawmes 8% Hengyuan Ju HY57DJ114
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ltem detail
Input Supply Voltage DC 24V
Rated Current/Peak Current 35A
Step angle accuracy +5%
Ambient temperature 20-50C
Max. Torque 2.8 Nm
Length 114 mm
Mass 1750 ¢

NA1597 4.3 nudnawsingegavesaliviuesueines 8%e Hengyuan Ju
HY57DJ114 feuiriu 2.8 Nm Lifisswedmiuldiduyadsduieivessa il faudu Flu
Mafmausdaifeans fe 44.8 Nm fiusndufoufusammelifuasivivesuewmes
ilFusdnvesaivesuomesiiniu Inefinsidonld Planetary Gearbox &%e OUKEDA
U OKD57-HG20 fa5uUdl 4.11 Tasidenldfidnsmasevagi 20:1 Mliussdavesneines

Wuduan 2.8 Nm wJu 56 Nm vinlsiiissnesanisldnu wasdseazidenquautfiuby

éﬁ’agﬂﬁ 4.12

1 v



SU 4.11 Planetary Gearbox %o OUKEDA §u OKD57-HG20

(ﬁmgﬂm‘w: https://www.zonemaker.com)
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BASY 3 e 3w 20
Technical and Performance Date 4 1-stage 2-stage
Histt £ 1 O P AR e X
Ratio 2o ie0r220,40.50

K

Weight
WHEN e TR,

Storage temperature " .

hFRN

Storage humidity

s by

Running environment t

BER AR

Rated input speed

BAWANE

Max input speed

Zaamn

» lubrication

Ae3UN 4.12 eazidennuauURiaFnYes Planetary Gearbox 818 OUKEDA

(ﬁmgﬂmw: https://www.zonemaker.com)

wanannmsnasmaiinvesaiivilasuamesive Heneyuan Ju HY57DJ114 Tuns
Tfnuadiviasuawes dndusedldlasneslunseryulvowmesuyumudiuiuseu wie
muiianeiigons lnedmsidenldou lasnesadudesuamesuuvaonna suhildilag
nesadiuiasuewmas TB6600 fisuft 4.13 wldlun1smunamiuiesuomes TB6600 1
amnsanuldnannnigs Suauseu uagfiananisyuvesuewes lunisléau TB6600
sudugesiinmssermaiined 2 viln Ao lulasaiiv wasnszua vewewes neasdl 41 DIP
6 vildlumsnaen luvwsndsuianudunisseanlalasail wazenfidamndunisda
mnszuabnaidiuemed Tnan1siarsou fmns1f 4.4 uazfemnnszu fnseit 4.5 (M3
14971 TB6600 ﬁﬂﬂﬁﬂﬁauuaﬁ]m:https://manuals.plus/th/dfrobot/tbé600—stepper—motor—

driver-manual#ixzz8SXiglajH)


https://www.zonemaker.com/

62

5UT 4.13 ladlaes TB6600

A15197 4.4 MIFIAINITAIVANTBUVDY TBE600

lalasany 59U s1 S2 S3
NC NC ON ON ON

1 200 ON ON OFF
2/A 400 ON OFF ON
2/8B 400 ©FF ON ON

q 800 ON OFF OFF

8 1600 OFF ON OFF

16 3200 OFF OFF ON

32 6400 OFF OFF OFF
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M19199 4.5 NIIAIAINITATUANNTERADIANAYDY TBE600

NC ON ON ON
0.5 ON ON ON
1 ON OFF OFF
1.5 OFF ON OFF
2 ON OFF ON
25 OFF ON ON
2.8 OFF OFF OFF
3.5 OFF OFF OFF

4.6 N159BNLUUNIVUIAKUALMBD VD95 WA LS AU

Tumsamurunasnulnirsinvessalndonlud@lsauduaineastasunnsiuds
grarseududamenisunnsiisze sn19san iy 440 m FINITFUINIITLINLUALABSVDS
ol nlusiaflszoen1a5aten lULaENEU 880 M NIALIUNITLINYBILUALA BTN
Wz auson1sldauaNI saanfu Ui nsunI TR o bl Fefansaundunenisieaeud

[

f95UN 4.1 A15AUIAUNINAI9IUITINY 95D LN E iUl lSAuduTn SRS LN 899297150

Y

=

wdeufilaglddsinvansuaztrsiidunadianudu ialsalwisnludpliauduiiammsald
1 mvs Tugaaissiazd99nnuisined aeiuishiiasanwasnulugiswaeslva (E,, = 0,
Eg, = 0) uag 999050 (E,, = 0, E,, = 0) lnedeyan1mdweilutiasiuazyiminus,
PR 1 < o w s @ a v
AL FawaneA1TEEENIT A1ULST waziasbildtuewmes Am19199 4.6 lnedaya
AMNEmesUsEANSnInuawesd Ussansainduiamas uarUseansnmmsmeUseques

S o PN
WUALBIDT AR NN 4.7

a 1 a 3 I3 o s
M99 4.6 ATNITIULHBITLYLNIN AIULI LLﬁSﬂ']a\‘]bLWﬁ’lllaL@]ai

L9459 5 1 0.684
FI9A5IAT 435 1 0.617
U NBR 5 1 0.684
FI9ASIAT 435 1 0.617
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M19197 4.7 Annsdnesuseansamuenes duienes Lavn1IANeUTEIVRILUANET

AMNIAL0DS AUNRUY WinNU

AVl
n, Usgdvznnuelnes 0.83 -
n,, Uszdninmduniewmes 0.97 -
DoD,,, Uisﬁw%mwmimsﬂiz@maummLmﬁ' 0.80 -
A1 TAIUII VLI UUAADS - nIaTIAUMT
A15AIUIUNAT YN : U (Vs E,) | Bawindu 1
Nnnauns £, = (P,/n,, M, X(S,, /3,600 DoD, , VF[)I@EJ‘ﬁl i Wi 1
Avuali P, = 0688 kW, S, =5m, v, =1m/s, n, =083, m,, =097,
DoD,,, = 0.80
wnuen E,, = [(0.688)/(0.83)(0.97)] x [(5)/(3,600)0.8)1)]
fafu £, =0.0015 kWh
n1sAuanma il : 1l (Fr9audaacdl E,,) i fidwiidu 2
Rnauns E, = (P,/n, M, XS, /3,600D0D, v, ) aeil i wihiu 2
MuuAlA P, = 0.617kW, S, =435m, v, =1m/s, n, =083, 1, =097,

inv

DoD,,, = 0.80
wnuA E,, = [(0.617)/(0.83X0.97)] x [(435)/(3,600)0.8)(1)]

faifu E,, = 0.1158 kWh

d5UNan1sAUIN

NNAUNS Epp= Ep+ Epy+ Epy+ E,p, Wofl E,, =0,E,, =0
wnuA1  E,, = 0.0015 + 0.1158
Farfu wassendlihs @il) E,, = 0.1173 kwh
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WAI5041N15AIUIAIYUIABUALADT : NSEIINNEU (VINFU)

NSAIYIUNEIIIIANANT - vInEU (BI039 E,,) | FAiiu 1
ANANNT Ep, = (P, /M, Ny IX( S, /3,600 DoD,

vy ) laedl i iy 1
WU E, = E,

fadu £, = 0.0015 kwh
N15ALUNEI TN : U (Fasauanedl E,,) | SAwinfiu 2

PNFUNT Ep, = (P /M, Ny IX( S, /3,600 DoD,

Ve ) Tawdl i windu 2

WU Ey,= E,,

fali E,, = 0.1158 kWh

#5UNan1SATUIN

NNAUNT Epp = Ep + Epy+ Epy+ Ep, W87 Epy =0 ,E,, =0
wnuA  E,,. = 0.0015 + 0.1158

Fathu wdrulifisn @ndu) E,, = 0.1173 kwh

N15A1YIWANIY WA 15U TOU

NAUNS E, = E,, + E,,
Al E,, = 0.1173 kWh wag E,, = 0.1173 kwh
wnuAn E,=0.1173 + 0.1173

Fathu wdwulifisn de seUE, = 0.2346 kWh

A o va ! %] a ] o
NsidenvuIALUAWBILNAImINzaNsenIsigu TneiansananAndaluiin
5NV IuazvIndu do 50U FeduseulunmsiuudIviue waremnsvedlsimeula
wIngnaemaluladasuis Wmeun@egi 3 89 5 59U fo U @UITAAIUIUMINRINUALY

Y

f9 U A9EUNSN 3.15
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N15A1Y2WAaNIY NN 15um T I1UIYTaU Iunila Ty

INAUNTT E

batt

Amuali E, = 0.2346 kWh uag N =5 58U
=5x0.2346

=E. xN

wnuA E

batt

AUy WAl E

batt

= 1.1730 kWh

] [ a

ANNSUNITNANTUNFDNVUIALUALADT TIUNITATUIUNANIUITIN 71D NTUITUNUIN

a1 |

E,  fawvinfiu 1.1730 kWh Tagn1siaanlgaunniownasdutAaouaniiten 4.4 §9iLsanu

batt
AABUNA 24 Vdc AIUILIALUAWMBINLYRBILAINE 1 1LINNTT 1.1730 kWh uaziivwie
WSIFUINAU 24 Vde Fevunawummasnidiunlalusaludnonlud@lasinisidanvuinain

Heonuuulassasisali lnedvuna 24vdc 48 Ah Fuigsnasonisldnu

4.7  A13RS2IUAURINAVI1AY Instance Segmentation

Tagduiinisihwalulagdyausefvguilaluninsiadu Wesieauilouotng

a s %

wnlugramate Uinauu Vi’ﬂﬁmﬂiuiaﬁﬂzyfg’rdizwggﬂwwuw%uashwimﬂmﬁamm
wsiugh AuadalunisUszatana deidnaannnisduvesnaluladnisouidedn
(Deep learning) ﬁQﬂﬁwumﬂ%’ﬁmﬁ’uﬁ’wmauﬁl%u%’u (Self-Driving Can) i ol#lusnu
75193U1aU EN1TRUIEIUAINLUY Instance Segmentation 1Junsluwmaluladdnu
ﬂmmwﬂizawﬁﬁgﬂﬁ@um%u dlesnauisaldldfeuiiviinisnsiasuudanie
nsou (bounding box) uarayNsAUUIEIUAIN (Segmentation) Ailinnsnsadulusziufinea
990 fenuusiugiga Jedhluna AN dranldadlunisematuise Tenslde
Tuina CNN msfAdelaliluimaduiaguvas YoLOV8 mldlunisnsiaduiau ilesaniiaany
azmnuazdnaiauogneiion uarlvualnaliidonuatesuuuy defumeulunis
WUEILATMUUY Instance Segmentation vinldsstl
4.7.1 mInsradulaulazisinvinedienisGeusidsanlnenisuusdiunindog
1WALA Instance Segmentation
lun1suysdIngunImeie Instance Segmentation fynUszasAlunisien
mafusneenanMIai faneifiulasiaiisnisinu faguil 4.14 1ileszysuniaveg
maiusa tngagiiundsinilaluauauueinesioly wasfufiunataguassalunis
\douiivessald naneUszian Ao wywd dnseu 5o saliin (savudsemsvedlsanenuia

wmMingdgnaluladgsun3) Taues @ uwaziiig Uiy iedeaiunisvu Netianuusiugily
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[ [ [ o a o = 14 a =] o I <
ﬂ'l‘i@]i'J'ﬂﬁ]‘ULUUQﬂUiSﬂﬂﬂﬁaﬂ‘UBQQWU’JQH Lwaftmamaaumlﬂmﬁmwmalm’mws e

Uaansieuniign
INPUT
-
= hadinday /Labell
ﬁ e tlng qrmwh{mn'owvs ]
le W Uiunna 7 Aanotate l
.
New Model
YOLOYS......
-
tion /Bounding
" Box and Prediction

5UN 4.14 Taseasensvineu

(1) Mswseugaveyanagoy

1% =i

lunismivugadayanagldlunisni Instance Segmentation

Y

a

Juduspnindinim RGB WunihnrsssumeduigUsgneumauanduniwesingnou wds

Jeazihdlulilueadeu Jadinsdenldwonsuas Roboflow wlfiduesesdiolunisimu

Roboflow wusanauisiazipsaiialiusnislunisvin Label Tag
anusalUsueanduratvduiiowssugadaya (Dataset) vosulunguvasnouinmesd
v My v ) | P ° ' ) a
dedlansouiunatediu wazdiuuuunisinausiuduves Roboflow lunasiiiuguain

(Image Augmentation) lng7unaulunis Image Augmentation 9¥iin15LdeNFULUUNIS

o

Image Augmentation LU ¥3u anwiakad ATOUARBBNUWEIY WangU viewaegy Wudu

[

Aa3UN 4.15 Fagauseasalunisvin Image Augmentation Humensiiudeyaliuiniu

¥ 1 ¥

wana1nll Roboflow §eanursaluinsesdenlidieanyadoya (Export Dataset) vivloidl

ANuAEAINtUNNS I
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[

yndoyafigninwisuifinsudeyanaaeuly uasiluayn Ao
Payadmiun1sinduluea (Train) Yoyadmiunsiaaeuluiaga (Validation) Yeyadmu
nagoulina (Test) Fauudlfidudnmaudall fo 88:8:4 Tnefsnmludoyadmiumstindu
luiaa (Train) 1413 a1 Yeyadmiunsiaasuluea (Validation) 131 A1w Fayad1nsy
neasuluea (Test) 69 MW waziBundoyannasufinisned 4.8 Fs9nmsadl 10 Aana

Ao uywd Wee 50 ey auu Jauws salwihadiems) theuas themdes uazthedes

[E2] Augmentation Options
Augmentations create new training examples for your model to learm from.

IMAGE LEVEL AUGMENTATIONS

Rotation

Grayscale Saturation Moise

Cutout Mosaic

BOUNDING BOX LEVEL AUGMENTATIONS &

Brightness Exposure

Cancel

gﬂﬁ 4.15 fLaenn1591 Image Augmentation Tu Roboflow
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lﬂl a ¥
1919 4.8 NYATLRYAVBLANATDY

AANE 10
SrauAmeLn 1613
sUnwdmiunsnsu (Training Images) 1413
sunmdmiunisnsiadeu (Validation Images) 131
sunmdmsunismageu (Testing Images) 69

(2) MsIPYMBdUEUTENBU (Annotate)

<

\W99INN1591 Instance Segmentation W NYBINTTUTUUUL

[J

Haeu (Supervised learning) ¥af04n13115 Label Asliuddasszymesunglviugunmneu

]

msthluRneusulies §33e3lmdenldwendus Roboflow lumsseymeSureiiaueanin
ingiu o lunnAserls nihd1an1sseumesuires Roboflow fagud 4.16 TuauipTesile
w19 9 ildunnune vilviaganlunislden uazagnuinnmivinnisseyudituagiinisoud

#1913 ivevsvendinmadntulunmlassudesuisliudy degun 4.17

Mo Tags Applied

gﬂﬁ 4.16 %%19N15 Label
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(n) UAASsll Label (¥) 7wl Label

g‘dﬁ 4.17 AN Label

(3) nTEUIUMTHNARU

Tumsnszvaunisfinaeulusuided axl¥Sane3fiu YOLO (You
Only Look Once) sil#lunsilnaou @9 YOLO Huifunildunguluina CNN Fedlonldlunnsg
nvaduing iesandanusind wagldninensves CPU liunnlagldnisszananavy
wieUsznananInndin (Graphics Processing Unit: GPU) @ avinlsnsamunnatenga
awnsnldauldie uagdgnitmuiuiegsieiesauianesduiagtu léun YoLOS 7
WLy suLIsa PyTorch Feiidon fie [Wnude avmn uazsiaia umiamiulan
whiluFesasauusiug lnendnmsiaues YOLO asutsnwoandudumuiiuiifiiy

I 1

vden (grid cell) havdmiunnaziduazaiawminionsaduingiegluiuiidu q squdis

9 Y

= |

MUNUYaeing Yunveadng wazadudulaluningadu wasiyawmulunisuesninmse
Uszananalalunsafen

Tunsilndulinasnu YOLO Suludesindslausi3ves YOLO T4
Byudosuazannsadaldaiu YOLO ldlngnsilndulaaainu YOLO faguil 4.18 Tuynds
willnuadne 9 Wdenlduasuudasuldegnsdase dnseil 4.9 deFenldyaddadn
Az gnilndusheyadeyaiinlililaeludumudinu epochs Wannsufazuansdoya

F19 9 P8NU1 AIFUT 4.19 AINNTBUARAININT 4.19 Fnnsgaytdevadlunalulsiassou



i
Inages
102

box_loss
1.004
Images
102

_loss
8.9
Inages
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ment mode=train model=y, se ’ . \ nf=8.5 dev

1de/148
Instances X R
559 = 8.52 8. .521

seg_loss 5
1.258 : X 6 100%| I | 140/148

Instances x : Mask(P R

559 8.768 .6 9.69 0.762

100% | IEG—_— [oe::
MAP50-95) Mask(P R mAP
58 0.734 0. 8.761

5

6u0 l4e/148
mAP50-95)

U 4.19 msinrluluiea
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a193197 4.9 Fdaing 9 Tunsiindulunadae YOLO

Key Default Description
model None sunuslumadmsuiln Tnd pt wise yaml
data None munisvsaduniedlildyndoya
epochs 100 IUIUTBUNITNTUY
time None TEELIAGIALUNITRNNY
patience 100 Snuuseuiidesseseninnsiinduudarsou
batch YUIRUDY Batch
imgsz 640 vUnIU
save True Hrglitufindeyaiiiunsinedy
save period -l audlunstudin checkpoints vedluag
cache False nsiUamsldanunisuaygy
device None seugUnsalAwIndISuNSEnousY: single
GPU (device=0),
multiple GPUs (device=0,1),
CPU (device=cpu),
MPS for Apple silicon (device=mps).
optimizer 'auto’ n15l8en optimizer @1M5UNITINTU LU
SGD, ~Adam, AdamW, NAdam, RAdam,
RMSProp 1Jusu
plots False auaztuiindeayanie 9 dleflniluau
box 7.5 thwitinvesagaudenes box
cls 0.5 5’11/1%60@%1"1@;@1,%%@& Class

(miwﬁl 4.7 919899370 https://docs.ultralytics.com/modes/train/#arguments)



https://docs.ultralytics.com/modes/train/#arguments
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4.8  NISHAIUILUUTSUULINID AL UL LAZASIAIURINAYIG

Tumsaunszuuthnedild fe msthmisionislémsFeusidedn uaznsnsaadu
Fhoam FaluFsfiniadenldndes Tnewdenldndos HIKVISION fu DS-2CD2625FWD-IZS i3
SUM 4.20 wasinvaziBunnuaniindes fims1eil 4.10

Mniinanldisdu nsasadudienisulsdrunmdudosnisminensuus

U3EUaRATIUIULIN Fetudliausansiasuasinvndneseulaauatasinas e sda

'
N o W 1

Anva1andfeyintu daaludadumiudasadelunisldau deaunsanaununienisly
& al [y [ [ 1% 1 1 o = [ v A PN

e a1 sansduLaz Inszezuaadnglangiauiiugl LIDAR 3adudndeniiuuizay

fgn Tun1sidenldilugu RPLIDAR A3 fe3ufl 4.21 awsaaununsiaduingld 360 aem

wioudnszesNawnulalnads 25 m (@wmsuingdud) war 10 m @msuingden) wasd

a va o ::l'
37868@8@?‘?&!31111@ AR5 4.11

5Uf 4.20 ndes HIKVISION $u DS-2CD2625FWD-1ZS



M51971 4.10 TwaziBeaquantRvesndes HIKVISION u DS-2CD2625FWD-1ZS
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Item

detail

Image Sensor

1/2.8" Progressive Scan CMQOS

Signal System

PAL/NTSC

Min. Ilumination

Color: 0.0068 Lux @ (F1.4, AGC ON), 0 Lux with IR)

Shutter Time

1/3 s to 1/100,000 s

Focus

Auto

Video Compression

H.265+/H.265/H.264+/H.264/MJPEG

Wide Dynamic Range 120 dB

Day& Night IR Cut Filter
IR Range Up to 50m
Max. Image Resolution 1920 x 1080

Image Enhancement

BLC/3D DNR/BLC

Communication Interface

1 RJ45 10M / 100M Ethernet interface

Power Supply

12 VDC + 25%, PoE (802.3af Class3)

Operating Conditions

-30 °C ~ 60 °C (-22 °F ~ 140 °F)

Weather Proof

P67

Dimensions

©144.13%332.73 mm (05.67"x 13.10")

Weight

1.89 kg




gﬂﬁ 4.21 LIDAR SLAMTEC ’iq'u RPLIDAR A3

ARl 4.11 MwaziBuanauTAves LIDAR SLAMTEC u RPLIDAR A3

75

Item

detail

Distance Range

0.15-25m

Angular Range

0-360 degree

Distance Resolution

< 0.5 (0.15~1.5 m)

Angular Resolution 0.9 degree
Sample Duration 0.25 ms
Sample Frequency > 4000 Hz
Scan Rate 10 Hz
Weight 0.430 kg
Port USB
Working Area Indoor/outdoor




76

Tunisimsdessuuthmedalud@fioonuuuaniu nsuszananasiiudedls
gunsalflanunsaUszananagunmlfedeninuasiiuszdns Wewheiimudeanisuszuiana
TelunuuBoaln waznisutadiunmuuy Instance Fosmsminensigs dadudiuddngy
Tumsdszanana drduiednmadenldl4aaMad (Mini PO) wie reufumesutaiin fianuse
sesFugUnuun sWauIrenawslusruuUU%n1s Windows U GK3 Mini PC CPU Intel

N5105/N100 faguil 4.22 waziiswaziBonamandd famsed 4.12

a51afl 4.12 TwaziBeanmuaNTEves GK3 Mini PC CPU Intel N5105/N100

Item detail
Processor Type Series Intel CPU Series
Graphic Card Series Intel UHD Graphics
System Memory 8 GB RAM 128 GB
Operating System Windows/Linux
Processor Frequency 3.4 GHz
Ports HDMI, USB 2.0, USB 3.0, Ethernet LAN (RJ-45)
Storage Type SSD + HDD
Processor Type Quad-core
Power Supply 12Vdc, 25 A

E‘U‘ﬁ 4.22 GK3 Mini PC CPU Intel N5105/N100
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Tunsmuauuemesvessnliihlfauduislussvutuiuarssuutundouazgnds
Tuinulilpsreulnsaaes nelulasaeulnsaaesiidentd fe Raspberry Pi Pico dadu
lulaspoulnsalaosain Raspberry Pi Foundation 14 RP2040 18w microcontroller chip
ATl deulusunsudfedu 2 a1wn Ao C/C++ wazn1wn MicroPython n158Ulnan
Tusunsuanansasuiunisnis Flash Waunsurumesn USB faguil 4.23 waziisiwaziden

W AagUT 4.24 anunsoasuneasiBungunsailanannsnen 4.13

gﬂﬁ 4.23 Raspberry Pi Pico



usrTo Tx Ji2cospa § seiorx O GPO. R
UARTO RX T 2

12c15DA § sPiosck | 6Pz
12C1 SCL | GP3 J
UARTT TX § 12C0 SDA

sriosck 0 GPe I
|_GP7 R

sPicsn § o GRa RH
1

SPI1 SCK 1

15

1260 SDA | SPITRX | 16
7
1

"

20

ATIMS

78

Ll 40 W Fower
Ly 39 IREEE W Ground
X 38 B UART/UART (default)
- B GRIO.FIO, and PWM
. 3va{ouT) B :oc
. W =R/ SR (defaul)
. B 2o 7 ze (default)
- 0]
ool GP27 [ spc1 § j2c1 ScL | B ebugging
.
-
a .
L 2
o 77
L %
B 25
X 24 SPI0 SCK
Siagl  GND |
(0 22 SPI0 CSn
L

Fil SPI0 RY§ 12C0 SDA § UARTO TX

g‘d‘ﬁ 4.24 Raspberry Pi Pico pinout

Viuwgﬂmw: https://www.raspberrypi.com/documentation/microcontrollers/raspberry-pi-pico.html

A15197 4.13 QUn3ald U NI UUIZUUAIUANTDITOVUEIDN LR

I8N13

sN8aLIun
faa

LamasTuLPaau (Electric Motor)

1400 W, 24 Vdc, 4500 r/min, 60 A

LURLAD3 (Battery Lithium)

Lithium-ion Battery 24 Vdc

TUNGY (Mini PC Windows)

GK3 Mini PC CPU Intel N5105/N100

NARNLAWNTN (Forward Camera)

HIKVISION IP Camera DS-2CD2625FWD-IZS

L‘%um@%ﬁli'ﬁﬁmaﬁﬁﬂ‘lﬂqﬂ (RP Lidar 2D) RPLIDAR A3 SLAMTEC
lulpsmoulnsatass (Microcontroller) Raspberry Pi Pico
afuiasuawes Hengyuan ju HY57DJ114



https://www.raspberrypi.com/documentation/microcontrollers/raspberry-pi-pico.html
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4.9  nsmuAusTuUTUIRdeuLAsTULTIAUREN
nNseeNLUUTEUULIMeSlLTR eldsuuvunmsimianazasiadudainuang
ud duselufadunsmuausaliiadeufiniueniungs waznsidsaniuyudifun vl
soliihl$audy awnsaduidouldauiidimun lunsmuauueme saosszutagauay
rululnsroulnsaiaes Raspberry Pi Pico Tasflaziinsdeansruneufiumesidnissudoya
JUEYN9TEN IR AUAITARIN LIDAR Lag f1unuan15nsidunnlunsundouagnis
BoudiFadn Innsdeansiufiesuuuy Serial Tnednnsimuanimiiilunisds (Baudrate)
Weldlunsdadoyaszninanoniimesuaglulasaoulnsaiaes Raspberry Pi Pico Tagfins

ns\WeusievesgUnsal AegUN 4.25

'

Lidar i]

Stepper Motor Driver

S'.l:'.,;i_)(;l’ Motor

JUN 4.25 N151BNADNITINIUTDITITANIS
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4.9.1 NMIAIAIFAINLINITATIITUIAY
Tun139533U TR lYFURUUNIINTITULUY Instance Segmentation
NdanaIfiy YOLOVS lun1sfsasng o naguwuy Mask (Wuf) uae Box (N50U 2 §1R) 9y

Dulumuandanistdaungiaun YOLO sonuuu delunisfsardiunisain YOLO lu

'
a a

endnusilasuniseenuuudu 2 diu Ao guuuuwsnaziinmsfsaringdefinvineguuut
Box tiesaniuldiiiesan1sianiy (Tracking) iU mungegluiumisle wazidaidming
wdeudulnasaluilsauduazgnesnuuulivgaaunindmingiafeuiieosnly wagdn

=] 1

drudunisfernain Mask Feazdianlugusuureaiui nelun1sienn Mask unldiiiieua

v v
v A v A

Aananuwinty dunanasy 9 TdnsAernsumienn Box Tnefinssniiunissaisdl
Buaniifnsindulinauds mntuasilunauviuness KUl 4.26
fefds “Mode = YOLO(“Jamee bestpt”)” seluFainisfadnsing q luidulluguys
f9 results feguUit 4.27 MnduadrgdReulunisematuiagdulutinuouuasFsonga
rou Ingazfimsaiianseuningaquinanswesauy Wedmuaiduuinaldlddavnatun
Ffagudt 4.28 uaranduiafunsnsiafuaanadu q mnaaasniiuauu) egluuinuia

nseulivsely Augui 4.29

import cv2

from ultralytics import YOLO
import numpy as np

import os

import serial

ser = serial.Serial('COM15', 230400)

"True'
l1l

os.environ['KMP_DUPLICATE LIB OK']
os.environ['CUDA VISIBLE DEVICES']

# Load the YOLOv8 model
model = YOLO('Jamee best.pt')

sUfl 4.26 n1siBenldluna
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while cap.isOpened():
success, frame = cap.read()

results = model(frame)
result = results[@].plot()

JUN 4.27 nsldlumarinunena

1f 7 in results[8].boxes.cls.int().tolist():
index 6 = results[@].boxes.cls.int().tolist().index(7)
xy_wh = results[@].boxes.xywh[index_6]
x = int(xy_wh[e])
y = int(xy wh[1])

JUT 4.28 N1sfaA LY WU a3 9UB ULIANITNLATA
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if any(value in [0,1,2,4,6] for value in
results[0].boxes.cls.int().tolist()):
cls _list = results[@].boxes.cls.int().tolist()
xywh_list = []
for index, value in enumerate(cls_list):
if value in [9,1,2,4,6]:
xywh = results[@].boxes.xywh[index]
xywh_list.append(xywh)
for i in range(len(xywh_list)):
if ((xywh_list[i][@].int().tolist()>x-200) and
(xywh_list[i][1].int().tolist()+100>y-150)):
ser.write("4".encode())
cv2.putText(result, "Detect
Object”,(20,20),cv2.FONT_HERSHEY_ SIMPLEX,0.7,(255,255,255),2)
cv2.putText(result,"Stop", (20,40),cv2.FONT_HERSHEY_SIMPL
EX,0.7,(255,255,255),2)
cv2.putText(result,f"{xywh_list[i][@].int().tolist(),xyw
h_list[i][1].int().tolist()+106}", (xywh_list[i][@].int().tolist(),xywh_list[
i][1].int().tolist()+100),cv2.FONT_HERSHEY_SIMPLEX,®.5, (255,255,255),1)

\ a v

JUN 4.29 M3safeeulvmsveadeiidniadunlviveuin

I = 1

WedsrreanliuditudelyIndunisdoarsuazdennluds
Lulrspaulnsataesiiomunuuawesiagazldlauss serial wazldfrneasniifaansdauas
A10157 (Buadrate) anUuldede serwrite('x".encode() lne#l “x” Ao doyala ¢

éﬁ’qgﬂ‘ﬁ 4.30

import serial

ser = serial.Serial('COMIS', 230400)
ser.urite("3".encode())

JUN 4.30 nsdeanludelulaspeulvsaiaes

4.9.2 NM3M593TUFMNAVI9A8 LIDAR
LIDAR 1uwuwesiamnsaldlunisnsinduinguaz inszez Tnglald

fatuFeaursaunlglunswaurssuvdmalniuszansnmunndu nelun1sly LIDAR
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aziinsisenlausns RPLidar wiadueSesiiolunisinednsses LIDAR 22a293UMieaUs
AIUNEIY0350 60 831 3INANINA1IINY Tngaziiiudoulvlifed1ssoen1vesd i
n5333ulAlue i ANty Fan1simunyuazegluleuly if vadlusunsy AU 4.31

YaNNANUSEANS A NN1smNe Seneiiuanulasnsevassalninlsaudume

from rplidar import RPLidar
import serial

lidar = RPLidar('COM11')

for scan in lidar.iter_scans():
for angle in scan:
p = angle[1]
r = angle[2]
s =4000
#t =1

#q if (p > 175 and p < 1808) or (p > 170 and p < 175) or (p > 165 and p < 178) or (p > 160 and p < 165) or (p > 180
and p < 185) or (p > 185 and p < 198) or (p > 190 and p < 195) or (p > 195 and p < 200):

if (p>© and p < 5)or (p>5andp < 10) or (p > 10 and p < 15) or (p »15 and p < 20) or (p > 20 and p < 25) or
(p > 355 and p < 360) or (p > 350 and p < 355) or (p > 345 and p < 35@) or (p > 348 and p < 345) or (p > 335 and p < 348):

if (r < s) ¢

Fstop = 1

print("stop")

servo = "1"

ser.write(servo.encode())
if (r > s) :

print("run")

Fstop = @

servo = "2"

ser.write(servo.encode())

sU 4.31 TUsunsu LIDAR

4.9.3 manauANsTUUTUIARBULAL ST UUTIAULEE
msmuqmw%’um?iauu,azwuuﬁqé‘fuLgaaLﬂuLﬂwmuwaqmﬁﬂa
MEEINNINIIVANTNIAS UL AI15an TR LA 9 Inesauwds 9nfina1aludnedudn
srldmouiinmes (PC) doansuuu Serial fululasreulnsatass lneiflonsanudeuly nn
auuasﬂwzhqﬁﬁwﬁwaf"i%é"ﬂlﬁdﬂﬁﬂmﬁmﬁﬁm X, y d9gafe 640, 480 K597l 4.14 9z
dednfiimun fMps1edl 4.15 Fegunvunimsadunvunaniiniglfisuessiufusening

LIDAR wag naas Faflguuuu fegul 4.32 uay uHudan19vinauvesssuuiimie aagun 4.33
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A519% 4.14 FLAUIDUULAZNITEIAN




0,0
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Abstract

This paper proposes a real-time traffic lane detection technique
using Sobel filter, which is applied for developing the traffic lane detection
control of the driverless transportation vehicle. The application of the Sobel
filtering algorithm uses Python’s OpenCV library and tests its technique on
aself-driving simulation using Visual Studio Code. The simulation includes
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Abstract

This paper presents the development of image segmentation using
the YOLOvVE algorithm to segment images that are driveway and
pedestrian. The goal is to use the technology to develop a navigation
system for unmanned electric vehicles for transporting pharmaceuticals,
food, drugs and medical equipment between buildings in the Suranaree
University of Technology Hospital. It uses computer vision technology
to process images from cameras and detect important road lanes and key
objects by using Roboflow software to handle the image of the road. In
additions, it applies the development of image segmentation with a new
model as YOLOvSs. From the test results, it was found that the accuracy
and the mean accuracy were 99.4% and 83.1%, respectively. Regarding

the accuracy curve, it was found that the accuracy increases as confidence

FeuduLilesnTUssgIvinTs EECONAS

increases and the recall curve was found when the recall value is reduced
while the confidence value increases. Furthermore, when comparing in
terms of object types, it was found that the type of road is quite accurate

‘while human types have low accuracy.

Keywords: Image Segmentation, Computer Vision, Object Detection,

YOLOvVE Algorithm
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This paper describes the use of the Modbus TCP/IP protocol m the development of a
driverless EV control system. The goal 1s to use aufonomous navigation to move cassava
starch from one building to another during the production process. The four main parts of
the design and development are as follows: (1) communication via Modbus TCP/IP
protocol; (2) Node-RED processing for the central control unit; (3) Python software and
Open CV for line detection; and (4) Node-RED connection for dashboard HMI control.
The operation of PLC control equipment 1s dependent on various components, including
the electric motor of the drivetramn, servo motor, and rack-and-pinion steering, which 1s
accountable for Ackermann steering control. EVs with a maximum load capacity of 4,800
kg carried cassava starch autonomously over a 200-meter forward distance during testing
at General Starch Co., Ltd. Additionally, 2400 kg of cassava starch that failed quality

inspection were loaded over a 200-meter reverse distance. The EVs were controlled via
the Modbus TCP/IP protocol and ran at an average speed of 1 m/s. The test showed that
when the dashboard HMI mede 15 chosen, the EV can automatically transport 4.800 kg of
cassava starch in the forward range. Additionally, it was discovered that [283, 390] is the
center value [X. Y] of the 24-meter guide line position distance on the road surface. EV
15 able to transpert 2 400 kg of automatic cassava starch that does not pass quality control
durmg the reverse period. It was found that the position distance of 113-meter of the guide
line on the road surface comesponded to the center value [X. Y] of [348, 395].
Furthermore, by illustrating the connection between the frame center X and the tuming
angle servo motor, the autonomous navigation EV's performance can be evaluated over a
200-meter distance.

1. INTRODUCTION In addition to the nature of applications in different
sectors that employ ethernet models and the development of
automatic control systems [5]. Remote monitoring and
control applications for equipment and sensors are
frequently used m mdustrnial automation between SCADA
systems and signal transmission across routers using IoT
protocols like Node-RED or CoAP, among others. For the
purpose of developng hardware and software solutions that
link Node-RED and facilitate the quick deployment of
applications across industries, mdustrial IoT gateways
running on Limix operating systems are being developed. To
make the creation of algorithms for use with different device
frameworks easier [6]. Additionally, it is essential for the
creation of wireless sensor network communication
protocols that work well for IoT applications [7]. The device
1s controlled at a lower level usmg a raspberry p1, and 1t reads
parameters by writing software that uses Python to send data
via the Modbus TCP/IP protocol [8].

Currently, engineers create the majority of EV technologies
m a range of control systems. It relies on the equipment
choice and equipment protocol model utihzed for system
development The majority of devices that have received
industry certification using standardized communication
protocols, mcluding Profinet, EtherCAT, Modbus RTU,
Modbus TCP/IP, and CANbus [1]. At the next level of
control, control cables are employed m both digital and
analog PLC devices. To create cutting-edge energy-saving
management systems and EV control systems, real-time data
acquisition systems must be employed, and the Modbus
TCP/IP construction for the data packet protocol must be
used 1n the design to connect data transfer with the HMI [2,
3]. It could also be used to establish GPRS wireless
connections and centralized long-distance commumication
to show off the performance stability and dependabality of
the Modbus TCP/IP protocol [4].

!School of Energy and Logistics Management Engineering, Suranaree University of Technology, Nakhon Ratchasima, 30000, Thailand.
School of Electrical Engineering, Suranaree University of Technology, Nakhon Ratchasima, 30000, Thailand.
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The use of cameras m navigation systems 1s becommg
more and more common as a result of the development of
autonomous navigation systems for electric wvehicles.
YOLOvS5 libraries in the form of deep learning and Open
CV Python are the primary software development tools that
use cameras [9, 10]. These libraries were used to create new
channel detection and tracking algorithms to identify
merged lines based on the geometric properties of lines from
the best lane pairs, as well as lane detection algorithms based
on hough line transform usmg the fundamental Open CV
Python algonthm [11, 12]. Additionally, 1t shows that the
algorithm used in actual road environments is precise and
produces stable detection results. It suggests using an ego-
lane detection algorithm first, followed by lateral lane
detection, allowing for the detection of multiple lane pairs
(13]

Furthermore, the velicle's structure plays a sigmficant
role m autenomous dnving. If EV technology currently
relies on automatic or driverless steening, then Ackermann
steering is the system in place. This 1s also referred to as
parallel steering, and it assesses the best possible steering
performance through control techmiques [14]. As a result,
the rack-and-pinion steering gearbox was designed and
developed to be used as a steermg system with the requared
steering ratio. It also underwent elemental analysis to
guarantee the highest level of safety and efficiency [15].

Thus paper proposes how to design and develop a Modbus
TCP/IP-based control system for unmanned electric vehicle
autonomous transportation that transports cassava starch
automatically between industrial warehouses. By mstalling
a library and optional tools like Python and Modbus TCP/IP
protocol, being controlled via dashboard HMI for processing
m Python files, running Open C'V mn hine detection format of
cassava starch transit, and utihzmmg automatic navigation, 1t
15 possible to connect via Node-RED by using the design
preiples of technology that uses mdustnal certification
equipment.

2. INFORMATION AND METHODS
2.1. Modbus protecol

The Modbus protocol, which is separated into two types:
Modbus RTU and Modbus TCP/IP, is the most commonly
used protocol aecross a varlety of industries. However,
compared to Modbus, there are currently other protocols that
are more empathetic. However, the Modbus type is still a
well-known protocol that has grown in popularity. In order
to provide industrial automation control systems, Modicon
Incorporated created the Modbus protocol m 1979.
Additionally, it has been the accepted way 1n the sector to
link digital and analog data streams [16].

Use the master-slave or client-server approach for
communicating with devices that use the Modbus TCP/TP
protocol. The other device serves as a server or slave to the
single device that serves as the master or client A slave

mught be any number of awahary devices, meluding an /O
transducer, PLC, valve, mverter, or other measurement
tools. To process and transmit data to the master, each slave
device must issue a special ID, as illustrated in Fig. 1.

MODBUS MASTER AND MODBUS SLAVE FOR CONNECT

Switch Hub LAN

Madbus TCP/IP Modbus Server

a— Slave
Modbus Client i
s
B m . __c ID.U:

| —
[Iv;l .
- .": 'SDI“:

Master

Personal
Computer

Ethernet Network

Fig. 1. Communication between Master and Slave

According to Fig. 2, Modbus TCP/IP (PDU) construction
1s an ethemet-based protocol that uses serial communication
and transmission control protocol (TCP/IP). A Modbus
application protocol (MBAP) header, which contamns a
transaction 1dentification, protocol identifier, length field,
and umt idenfifier, 1s used to begmn the dataset. Function
code 1s a protocol data unit (PDU) created from Modbus
RTU to convert data segments to ethernet format. It ranges
from 0x01 to 0x23. Using a device that can establish
commmumication over a wireless or local area network
connection, such as a router or access point, as a bridge.

CONSTRUCTION OF MODBUS TCP/IP DATA PACKET

Data Segment

MBAP Function  (EEEERER,
Haader Code
7 Bytes. 1Byte 1 Byte to 248 Bytes
Protocol Data Unit (PDU)
Transaction Protocol Length Unit Function Code
Identifier Identifies Field identifier | 0x01 to 0x23
2 Bytes 2 Bytes 2Bytes 18yte 18yte
S
N

Modbus TCPAIP (PDU}
This information is embedded into the data portion of the TCP frame

Fig. 2. Construction of Modbus TCP/IP data packet

Additionally, the Modbus TCP/IP protocol creates the
Modbus RTU protocol's Rx and Tx lines as an ethernet
connection, with the Modbus message structure being an
application protocel that 1s transmutted alongside the
transmussion control protocol and internet protocol. Simlar
to the Modbus TCP/IP protocol, Table 1 displays the
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function name and function code data formats used with the
Modbus RTU protocol [17].

Table 1. Data formats for function name and function code

function name function code
read discrete input Fx02
read coils Fx01
write sigle coil Fx05
write multiple coils Fxl5
read input registers Fx04
read multiple holding registers Fx03
write single holding register Fx06
write multiple holding registers Fxl6
read/write multiple registers Fx23

2.2. Node-RED protocol

The internet of things (IoT) technology of today may link
ethernet connectivity with a variety of sensor deviees in
industrial plants, such as power meters, flow meters,
temperature sensors, PLCs, ete. [5]-[7]. Thus, the machine-
to-machine (MZ2M) connectivity protocol known as the
Node-RED protocol, also called message queuing telemetry
transport (MQTT), serves as the condwt for commumeation
between devices connected to an ethernet network. With the
use of three components: publish, subseribe, and Node-
RED, this enables a wide spectrum of developers to
remotely operate devices runming both windows and linux.
As illustrated in Fig. 3, subscribe or publish can employ a
number of devices, but they both need programs or apps that
implement the Node-RED or MQTT protocol. For simple
implementation m mdustrial apphications, Node-RED may
also enable the mstallation of libraries and other tools like
Python, Modbus TCP/IP, cloud servers, etc. [18, 19].

MODBUS TCP/IF AND NODE-RED PROTOCOL

[ Powor moar |
Industrial Plant r "D o W@ o A
[l Matr )
- &”l“ .—-% "', MQTT Protocal
£
et oerao IR ht
2
e b= 3L =R
" =2 . personal Computer
[ p;c ]
G iy —

Fig. 3. Connection for Node-RED protocol communication

2.3. Python language

The Python software foundation now oversees the upkeep of
the inter-programmer language that developer Guido van

Rossum created in 1990. Python is a programming language
with quick writing and compilation capabilities, making it
appropriate for system administration jobs. Most notably,
Python, a programming language included in the Windows
and Linux operating systems, 1s supported and may be used
to program using a variety of libraries [11].

The application of the Python language, which has eight
extremely well-liked framework applications for web
development, software development, data analytics,
machine learning, artificial intelligence, mathematical
analysis, system scripting, and cyber security, has been
confmuously 1mproved. Additionally, Python offers
developers five features: Fig 4 illustrates how Python is
user-friendly for beginners, simple to learn, quite adaptable,
ineredibly flexible, and free and open-source [20].

FEATURES OF PYTHON LANGUAGE

2 Python is Easy to Leam ol 1 B
4 a

5 Python s highly versatile B a ) ;
D

4 Python is super fiexible g

%
L £

Fig. 4. Application and features for Python language

Additionally, utiizing libraries with Python lessens the
workload on programmers and avoids the need to spend time
writing repeated instructions, such as showing information
on the screen or sending and recetving values. Using Python
as a dynamuc programming language with attributes, 1t 1s
mamtamed by visual studio code software and supports
several different imperative object-onented programming
languages. The open source library, which 1s well-liked for
computer vision programming, and the Open CV library,
which may construct programs primarily oriented toward
real-time computer display, are two examples of the
comprehensive libraries available to functional and
procedural programmers. Open CV, a cross-platform library
mtially created by Intel, 15 available for free usage under the
open-source BSD license [21].

2.4. Rack and pinion steering

As seen m Fig.5, the transmission rod used for rack-and-
pion steering moves as a spindle between the rack and
pmion gear. Through the ftire, which has a steering
mechanism coupled to the steering wheel and the servo
motor, the cog travels in a linear path to be utilized for
steering the wheel. The benefit of rack-and-pinion steering
is that turning is moderately responsive since there is direct
steering contact. The fact that 1t cannot be repawred when
there 1s wear and tear between the pimon gear and the rack
remains a drawback, necessitating replacement mstead.
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RACK AND PINOIN STEERING

Fig. 5. Model of rack-and-pinion steering

Additionally, power steering a mix of electric systems
that provide precision turning and facilitate hand turning, as
well as rack and pinion steering are both increasmgly
utilized in modern automobiles. The usage of power steerng
has recently increased m the automebile sector to the pomt
that 1t has forced the fransition to the newest contemporary
technology, namely automated steering, also known as
autopilot, which is now in use and can be found in the Tesla
brand, ete.

When it comes to autonomous systems or automated
steering, servo motors are used in conjunction with rack and
pinion steering. To be used, the control system must be built
and designed. Therefore, m order to aclieve the highest
possible level of turnmg precision and efficiency, servo
motor hardware technology has to be chosen in conjunction
with the development of autonomous steering systems [14,
15].

3. METHODOLOGY AND RESULTS
3.1. Equipment and software for sysiem development

The creation of autonomous EV navigation depending on
the equipment capabilities chosen for processing control
systems and software operations, there are technologies that
can enable autonomous EV navigation in a mumber of ways,
as well as the device's communication protocol format. The
algorithms used to create EV autonomous navigation for the
hardware and software chosen for this study are displayed in
Tables 2 and 3, respectively [22]. After that, connect each
device's connections to one another. It creates the device's
communication protocol. The driving system 1s the first of
three subsections that make up the system connection. The
second component 1s the steenng, and the third component
1s the autonomous navigation, as seen in Fig. 6.

Table 2. Equipment for autonomous EV navigation systems

Hardware

Item specification
induction motor 5 kW 48 Vde For EV
enpower MC3527 48 Vde

electric motor

power converter

battery lithium 48 Vdc 250 Ah lithiom-ion battery
servo motor CM3-23L50A supply 24 Vdc 5000 rpm
PLC control TM221CE16R schneider electric M221
switch hub LAN TP-Link model tl-sf1008d

HMI wecon new style 7-inch HMI PI30701e
wimndows 10 Pro. 8GB RAM 128GB
HIEKVISION DS-2CD2625FWD-IZ5
HIEKVISION DS-2CD2625FWD-IZ5

mm PC wmdows

forward camera

TEVErse camera

Table 3. Software for autonomous EV navigation systems

Software
Item Setting in Equipment
PIStudio HMI
Node-RED mini PC windows
Python V 3.11.0 mini PC windows

Ecostruxure Machme Expret-Basic

PLC control

enpower parameter calibrator

power converter

COOL WORKS QUICK V1.0.0

Servo motor

- - | e g
Lan Lan Windows
o 4 s
" Switch Hub
- LAN

L

.
PLC
*Controllsr

Anslog Oulpust | | Digital Outpan
0 -5 Ve
.
Reverse Mechanical _ Electric _ Power _ Batlery Forward
Camera Transmission Motor Converter Lithium Camara
4 ¥ N
: 3 { H I
4 | =) .
L3
L 7 | b |

Fig. 6. Device communication protocol connection

A. Drive sysiem

In terms of the dnvetram, Fig. 6 shows how the power
converter 15 powered by the Iithium battery at a voltage of
48 Vdc. To convert the voltage for the electric motor's power
source and regulate the speed of the motor use an analog
output cable format at 0 to 5 Vde with the PLC controller's
addition of the analog TM3AQ2 module and use the digital
output cable format for dnving forward, backward, and
bralking. Usmng the software Ecostruxure Machine Expret-
Basic, a PLC controller 1s utihzed as a control umt. Check
the relationship between the voltage 0 to 5 Vdc of the PLC
controller and the speed of the electric motor measured from
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the power converter as shown in Table 4 and the relationship
between the voltage 0 to 5 Vide of the PLC controller and the
speed of the electric motor measured from the power
converter as shown in Fig. 7. Measure the speed through the
serial port, which is the software of the power converter
device

w[v]v

L] C—
]

Digitad Outpul
Digitat Dzt Reverse
[

Fig. 7. Connection of the EV drive

Table 4. The relationship between voltage and speed

PLC controller electric motor
voltage (Vdc) speed (rpm)
0.00-0.78 0

0.80 318

1.00 455

1.20 690

140 897

1.60 1086
1.80 1341
2.00 1530
2.20 1770
2.40 1977
2.60 2181
2.80 2412
3.00 2622
320 2862
3.40 3148
3.60 3315
3.80 3572
4.00 3708
420 3997
440 4256
4.60 4497
4.80 4783
5.00 4980

B. Steering system

A servo motor coupled to the rack and pimon steering from
Fig 6 1s used to operate the Ackermann steering model's
steering system. Since the chosen servo motor has a 24 Vide
working voltage rating, a buck converter is needed to change
the power supply voltage rating from battery lithium 48 Vidc

to 24 Vde, which 15 equivalent to the serve motor's labor
rating. Set input/output (I/O) type through the software
COOL WORKS QUICK V1.0.0 to be controlled by a digital
output cable using PLC control by installing the digital
TM3DQ16R module for servo motor control. Along with
establishing the location of the servo motor through the
serial port using the software COOL WORKS QUICK
V1.0.0, there 1s a specification of the car's construction with
a maximum angle of 30 degrees left and right by spltting
the tuming angle into 7 ranges, as shown in Table 5,
accordmng to Fig. 8.

Table 5. The turning angle and position serve motor

turning angle (degree) position

left angle -30 -60000
left angle -20 -40000
left angle -10 -20000
center angle 0 0

right angle 10 20000
right angle 20 40000
nght angle 30 60000

Lek Begle 22

\um&

b
Lmsegenn || '

. nged | [ Serve Mater Part
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Fig. 8. Connection of the steering system

C. Automatic navigation system

The EV autonomous navigation system was developed
using the mini PC's windows 10 Pro operating system
Install Node-RED and Python 3.11.0. utilizing the Open
CV-Python 4.8.0.74 function package, create a method for
automated navigation. Install and create a Python script that
connects to a camera via a LAN wire. Use a switch hub LAN
access pomt to connect a LAN cable to the camera, link the
device signals to one another, and specify the TP addresses
for both the forward camera and the reverse camera. Then,
using the pyModbusTCP 0.2.0 function that has been
installed and implemented in Python, the algorithm created
by the autonomous navigation system is used to control PLC
control through a LAN cable connected to the switch hub
LAN and set an IP address to connect in Modbus TCP/TP
protocel format. In addition for the master, uses an HMI to
manage the system's essential fimetions. With the PIStudio
program, connect to the mini PC via a LAN cable that is
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linked to the switch hub LAN using the Modbus TCP/TP
connection protocol, and then set the mini PC's IP address to
enable the installation of the Node-RED software's contrib-
pythonshell and contrib-modbustep libraries. As seen in Fig
9, 1t regulates the EV's Ackermann steering and propulsion.
Additionally, each device's IP address must be defined as
described in Table 6 in order for them to be in the same
network band.

&

LAN LAN

" e

Fig. 9. Connection of automatic navigation systems

Table 6. The turning angle and position servo motor

equipment IP address
HMI 192.168.1.10
mini PC 192.168.1.11
PLC controller 192.168.1.12
forward camera 192.168.1.13
TEVEerse camera 192.168.1.14

3.2. Algorithms of autonemous navigation systems of EV

Designing control systems for EV devices and software that
chooses to construct systems using algorithms is extremely
essential to consider n order to handle compheated system
design difficulties and accurately and effectively prniontize
system operations. In this paper, the method for developing
EV autonomous navigation 15 set up by first checking the
network comnection of the port LAN using the Modbus
TCP/IP protocol format, then setting it by choosing the
operating mode using the HMI. PIStudio software is used to
create dashboards. Fig. 10 illustrates the two primary
components, the controller and momtormg. There are two
operating modes: forward and reverse. Later, link data from
the HMI usmng the software Node-RED function. In Python
files for autonomous navigation using the software's line
detection format, the camera contimiously scans the
guidance line m both forward and reverse directions. At the

end of the path, the software will advise the EV system to
cease functioning and wait for the next start order if there is
a slip-off as Fig_ 11 depicts the flow chart diagram.

Controller

Manitaring

Fig. 10. Dashboard HMI for control systems
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Fig. 11. Algorithm for system operation and flowchart

The system's primary functionality in forward and reverse
modes 1s controlled by the processing software. By
specifying the register address of multiple holding registers
from Table 1 to match between the HMI and the master
managing the operation of the system, software Node-RED
may be used as a connector to exchange data from the HMI
using the Modbus TCP/IP protocol format. Then, i the
software Node-RED section, connect to the tool function by
adding code for setting conditions, connect to the tool trigger
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and block, define the wait to be reset format to wait for the
value 11 from the code in the tool function, and connect to
the tool pythonsell. Finally, use the tool modbustep that 1s a
slave by defining the register address of the tool modbustep,
both forward and reverse, as 1 and 2, respectively. As
indicated i Figs. 12 and 13, the Python files for the forward
camera and the reverse camera should be assigned to
correspond with the files kept on the mini PC.
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Fig. 12. Develop software Node-RED forward mode
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Fig. 13. Develop software Node-RED reverse mode

When employing automatic navigation, a camera is used
as a sensor to find navigational markings on the route. In
addition, the frame camera for both the forward camera and
the reverse camera has frame [X, Y] values of [0:640,

300:480]. During the camera's starfup procedure, the Open
CV function is used to standby the device, detect the picture,
process the colored guide lines, and locate the frame's
contours in the crop center X range of 0 to 640 and the erop
center Y range of 300 to 480. If true or equal to 1, locate the
center X and Y lines while the EV 1s moving at an average
speed of 1 m/s by specifying the operating range conditions
in the automated steering section. In Fig. 14, a line-
following detection system diagram is used to transport
cassava starch between buildings both forward and reverse.

Find Contours of frame

Center X »= 600

Left Angle -30

Left Angle 20

Center X » 260
& Center X - 380

=

Center X > 200
& Center X « 280

Right Angle 20

Right Angle 30

Fig. 14. Line following detection system diagram

3.3. Tesrs and results

Due to the requirement for autonomous navigation and the
system's design to support both forward and reverse
operation modes, two Python files were created dunng the
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development of the EV operation control system. Typically,
on windows operating systems, Python files must be
executed one at a time using the name command of that file
on the command prompt Software Node-RED is a
middleman that can link Python files with a lot of other files
so that they are prepared to wait for the run command. HMI
files that have produced a mode dashboard.

= H Che

Fig. 15. EV for testing transportation of cassava starch

The test vehicle's development and design are depicted in
Fig. 15 [22]. Transporting cassava starch among General
Starch Co., Ltd. warehouses. The maximum weight it can
carry while transporting cassava starch is 4,800 kg. The
cassava starch is sent in large sacks that may hold up to
1,200 kg each. Test run of 200 m for forward by demand that
EVs automatically go from the manufacturing line to the
cassava starch warehouses after loadmg 4 big bags with a
total weight of 4,800 kg. In addition, a test run of 200 m for
reverse by 2,400 kg of cassava starch must be loaded mnto
EVs without the use of quality control, and they must then
autonomously go reverse from the warehouse to the line that
makes cassava starch.

The test revealed that cassava starch was transported
between warehouses using the EV's automated navigation
control system. By choosing forward and sending a signal to
the software Node-RED, the EV may be operated via the
dashboard HMI. The processing of the EV system
automatically navigates with a load capacity of 4,800 kg of
4 big bags during the forward period from the production
line to the cassava starch warehouse by displaying the
function Open CV in the form of line detection of the guide
line on the road surface at a distance of 24 m and the actual
operation result of forward mode. Fig. 16 1llustrates that the
center [X, Y] value 1s equivalent to [285, 390] from frames
X [0:640] and frames Y [300:480].

‘When you arrive at the warehouse for cassava starch, let

the forklift remove the cassava starch from the EV and use
the dashboard HMI's stop button to put an end to the
operation. The forklift then loads the 2,400 kg of cassava
starch that failed quality control onto the EV and pushes the
dashboard HMT's reverse bufton, sending a signal to the
software Node-RED of the EV processing to start the
navigation automatically during the reverse period from the
warehouse to the cassava starch for the production line.
Additionally, at a distance of 113 m, it will display the real
operation results of the reverse mode and function Open CV
in the form of line detection of the guide line on the road
surface. According to Fig. 17, the center [X, Y] 1s identical
to [348, 395] from frames X [0:640] and Y [300:480].

Frame X

lu-—rdll--l:l,mllk; i
[0:840]

Pasition Distance : 24 m

Center [X, Y]
[285,390]

Fig. 16. EV forward line detection

T
Center [X, Y]
1348,395]

Reverse Load : 2 =) Frame X
{ PositionPisgarter T3 me [0:640]

Fig. 17. EV reverse line detection

Additionally, Fig. 18 illustrates the link between frame
center X and the turning angle servo motor for forward in
the autonomous navigation system devised and constructed
to test EV performance in the forward range It was
discovered that the tuming angle of the servo meoter is
proportional to frame center X, which has established the
circumstances as mdicated mn Fig. 14, with the greatest turn
left angle when hauling cassava starch with a load capacity
of 4,800 kg over a runming distance of 200 m and a value of
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-20 degrees when center X values are more than 440 and less
than 600 of frame center X As seen in Fig. 19, there is a
relationship between the tuming angle servo motor for
reverse and the frame center X for the reverse period. It was
discovered that the turning angle of the servo motor is
proportional to frame center X, which has established the
conditions as indicated in Fig. 14 with the greatest turn right
angle when transporting cassava starch with a load capacity
of 2,400 kg over a running distance of 200 m. At center X,
a value of 30 degrees greater than and equal to 600 of frame
center X since an EV uses a reverse camera for automatic
navigation, the relationship between the turning angle of the
servo motor and forward 1s the opposite n this case. Thus,
m the turming-angle servo motor, 1t 1s alternated wath the
forward-running type
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Fig. 18. Frame center X and turning angle serve motor for
forward distance 200 m
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Fig. 19. Frame center X and turning angle serve motor for
reverse distance 200 m

4. CONCLUSIONS

The development of EV's autonomous navigation system
was focused on moving cassava starch between warehouses.
It makes use of technologies that can enable EV autonomous

driving, with a foeus on Modbus TCP/IP protocol-based
control systems. In addition, pick a mim PC with a core CPU
running windows 10 Pro and mstall software like Node-
RED so that it can link Python files as a middleman. Install
the Python V 3.11.0 program to create autonomous
navigation algorithms that make use of the line detection
function provided by Open CV-python 4.8.0.74. Using the
dashboard created in the HMI to control the communication
connection to the slave Node-RED, it manages the
fundamental functions of the master system. The
Ackermann steering system, controlled by a servo motor
attached to the rack and pimion steering, and the electric
motor of the EV are both under PLC control. Based on the
results of an experiment using an automated navigation
control system employing EV's Modbus TCP/IP Protocol
format control system, using line detection, EV can
automatically transport cassava starch at a rate of 1 m/s by
selecting the forward option on the dashboard HMI
Function frames X [0:640] and Y [300:480] initiate the
activation of Open CV, or 4,800 kg of load During the
forward phase, it was discovered that the center value [X, Y]
of the guide line at a position distance of 24 m on the road
surface 1s [285, 390]. And in reverse time, it was discovered
that a load of cassava starch weighing 2,400 kg had a 113 m
position distance on the road surface [348, 395]. In order to
evaluate the performance of the EV, it can also demonstrate
the relationship between frame center X and the turning
angle servo motor for forward and reverse over a 200 m
distance. Additionally, to improve the efficiency of cassava
starch transportation between bwldings m the future, the
smart warehouse system can utilize the developed EV
autonomous navigation system To act as a prototype for the
switch to EV for the movement of goods mside more
contemporary factories that use comparable modes of
transportation, like rice nulls and sugar factories
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Abstract

The design of an electric vehicle for transporting tapioca
starch in a factory that can generate 400,000 kg of product per day. The
vehicle has a weight capacity of 1,000 kg to 4,000 kg and can travel with
a maximum speed of 1 m/s. The necessary motor and battery capacity are
determined using these designations. Two scenarios are taken into

consideration to study the trade-off between throughput and energy use.

First, the vehicle uses 3.29 kWh per day while moving at a speed of 0.5
m/s and carrying 4,000 kg of load. Second, the vehicle uses 4.48 kWh per
day while moving at a speed of 1 m/s and carrying 2,000 kg of load. The
finding suggests that the first condition performs better than the
alternative scenario. It can reduce the energy usage by 26.56%, which

will have an on g gas

Thus, the final

design requires a 4 kWh battery and a 5 kW motor. Tapioca starch mills
may decide to further examine this proposed design in an effort to
maintain their competitiveness becaunse it can potentially reduce power

costs while maintaining high throughput.

Keywords: Starch, Industrial Plant, Electric Vehicle (EV)
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