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ABSTRACT
This thesis presents the Reducing Accident from Breaking through Red Lights

with Image Processing. The system consists of two parts, traffic light system and image
processing system. The traffic light system has two sets, each consisting of a green
lisht, a yellow light and a red light, each of which is made of 91 LED. The diameter of
each light is 10 cm. It uses PLC to control traffic lights and the image processing system
uses Raspberry Pi as the processor, which receives the video signal from the camera.
The system starts from the Raspberry Pi receiving the video signal to process the
vehicle speed. If there is a car driving over 30 km/h within a distance of 20 meters
captured by the camera, it will delay the red light from the green side for 3 seconds
and save the image of a car running a red light to a folder.

From the experiment to detect the speed of the car by image processing, the
car speed at 35 km/h has the least error of 0.14 percent, and in the speed of a car at
50 km/h there is an error. The highest error was 3.23 percent. The processing time of
the raspberry pi took the most at 0.000211 seconds and testing the Reducing Accident
from Breaking through Red Lights with Image Processing to found that the system can

function properly as designed.
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Inas1as (1] Dugunsaldgaralnnddglunuasasduegiaunniiszisingaiu

o

LENOUUAN TTINILALNT KaTAIUTAUY BAIUANNITITIVTUNTIRIaU Feyayradlul

v o 1

35733LngNshand a1 N URNITU TR BgM NI UEN NLEUN S Foozmfunisuendayaol
Tsovieauldsesingzds iletestugfmm
2.1.1 Aavangvasdiusnguudauliases
1. &% oy alisadurulule
2. Awidosdniiu wisulvisaven
3. AuA3 ngAsH

Tnegui 2.1 azludegvdvosinasias

sUfl 2.1 dvasliasas
(fin: https://1th.me/VTAKB)


https://1th.me/VTAKB

2.2 lalaaiaauss
laloniasuas (light-emitting diode: LED) [2] 3U#1 2.2 iugunsaiansiadinirdneg
TudmanlaleaiiflegnludanszannsaawasldlutisaUnasuuay Fveauasiia

ponUNTNRgUBIRUTENoUMLATivesTan ituazasuaslalnadadanslileranyaguasd

208

UDLTIULAZYDUNTIIA

W

c /J/}

£

1|Hl|llll!ll|l|llll]lllllllll!lll

7

sUT 2.2 lalonidauas

(fis1: https://1th.me/tLhdl)

2.2.1 fauUsang o TunisidenldlalanUaquss
a aa & o A A | Y] |
1. Av99weadd LJudiusnvuinvssmugrdunlaloallawaslaiuaswas
o ~ P = a &
2ONU WY FAN19LTUANULIPAUUTEUI 468 UULANT FU1798AANNENARUUTEUN 462
PlUIAT @WaedariimnugIAaUUTELIM 468 UNTWLAS AlTe1aziiANNeIRAAUUTEU
565 Ul AuA9ziiaueIAauYszI 630 U luwns [Wudy
2. waud WuduenUssinvuazJaniildin
3. AMUAINVDES (millicandela rating) Juvenseiuanuainauauas
4. g1 Inumuaedng i Wuanuaredngludihalalanaswaasule

1 a
wazhiidsme

2.3 uadnn
weawln [3] WJugunsalansiaiaindnisiauludnvausnuuawsadudunssua
cl' Y a o = d" [~ ¥ d”’ (XY} 1 & v 1 <
nsswan tauNanINnNddnnsaunsalaa Fuduninednaunn YupgnUIgUNIUAINaNILTUUY

uaanvindu (NMOS) Sauaawnuilai (PMOS) uaawnaiuisawlalatdu 2 Uszunn



Toun woaNaLUUANETY (Depletion) LaguaainauuuLldua ugsium (Enhancement)
wedawAasUsTINdaunsoudsdesladn 2 vl Ae ueamviiadu (NMOS) Failusey

wgdidnaseududninssua uazteamneiadl (PMOS) Falluszanmelaadudninssua

Source UGs UDs
O

Metal

Oxide = electrode

Source

7,8 W/
Channel L __>l

}

(Substrate bias)

sUi 2.3 Tassadsvesueauinuuuidugnudiiuivingy 3 17
(fian: https://1th.me/SA8d0/)

13U 2.3 uandlassaisvaseamnuuuBusudiduyivdadu (NVOS) dagoa
(Source) uazdAsY (Drain) Qﬂa%qu%uimammwa’awaumﬁﬁamﬁmLﬁuﬁﬁmmmmﬁu
171 (Heavily Doped N-Type Region) 191lulugiuses (Substrate) yosansieftiaiiad B9
LﬁuLLNumﬁﬂ%ﬁﬂaugm?{m (Single-Crystal) fifpunuwiues (Lightly Doped P-Type
Substrate) 9aunn (Gate) azidudiuvedlany (Metal) veduvosiwddaneu (Poly-Silicon)
eziauagjuusz?umaqaaﬂlsaﬁiwdwﬁi”amsuuas%%a Tnefiszogrinesenindiaasady
ANEveaNeEn (Channel Length: L) agiszaenianiudng (Side-wall) Wuaiiuning
Yesupan (Channel Width: W) lassad1evesueanauuuidugudidiuividad (PMOS) axdl
SnwarAanendnUNoa AL usnud L uvivdadu (NMOS) ufavaduiu Ae uadLn
silnflazUszneusendngiusessiiadu (N-Type) Afaamuindutiosuazinsunsezney
asFerlafindanumniunndilugusesfioduihveauazdainsy
2.3.1 §7UMIINUVDIUDEALNA
1. B19Anean (Ves<Vy)
Faeimonnl Aevasiiveamaliviaiy nsdliarldiidomaiunssuaioinli
weanlyanunsaiinseuansu (o) 1a

2. B10TUAU (Vps<Ve<Vy)



Fradaududurrfinssiulusaivnnauazagoadaiunnniusudasy
(Vs> Vo) LAgLIIRUTERIN Voe UALRENTIN VsV
3, 4298 (Ve Vee-Vy)
FraduFndutifiussuiivinauazugeaiia1uinniusaiudaEg VeV
WAZLIIAU Vps UAMNNAMATOWINAY VeV
2.3.2 2995 ludduaHEnn

[

UIUNS 829950 UILA BIVNNS LU

o

nsdueaaluldluisaseenedy
weawlnlvivihulugududa Wevihnsludawsnufdidinvinavesaanaiiawinduaud
Thad weawaliiinszia dmaliussfue dnmingu Voo evinsusulsssuniinannuus
Woaniwsenudamsy voamndelitinssua damaliusanue1Anndianyiniu Vo, 99l
yeaunviauluguameen WotouksIAUNYBNRUINNITLTIAUTIASY UBANASUUINT LA
ilAAnLsIRue1ANe Wouseruludalutig VpseVesVr nsud I nauindu demalusinu
2 d‘ % 1 1 d' U b4 1 dy o ]

LIFNAANANLTBRINKSIRUAILIINIElUANATOUNA IR UMY Ry Fretiupamnyitanulugu
Q' £% dl' % v 1 1 v Y} '3 v 1 Y

AU waztilaussnuludaluyaa Vps<Ve<Vr d9nalikssiueIdnnanasdasndmusany Vo

Y29tiuean YUl ug1 LT LEY

2.4 ﬂaﬁ%\qunﬁ]%‘ifwwaqﬂ

andamosinwane [4] Aegunsalivamusstulniiinssuaaduiifussiugsluidu
s ulai i Susedus lnendnnisialuvesaind annesdnnatsazusznaunise
sARbtead (Rectifier) vntdinfiuvasusesulniinssuaadulmidunsenulninssuanse
ABUBSIMDS (Converter) Ymtihdiulasuseulniihnssuansslmnduussulniinssuaadud
AAge wazudasussdulwihnssuaaduliidunssiulviinszuanss

FalduSauresaindaunieddunatoid oS suiisuiuunasaelidady fe
UsyAvBnilgs suinidn wasthmdniuinduvasielinds wisladannesdnnareayd
Lﬁaﬁiﬂﬂwiumiﬁw’mﬁlﬁ?’m’j?LL@%ﬁ@IﬁLﬁfﬂﬁ’i’,yﬁy’mﬁUﬂ?‘uiéfq\ufi@L‘LJ%EJULﬁEJUﬁIULLMEﬂlﬂﬁi’]EJVLW
CINE0! mmﬁ’jaa‘im%quLaa%sz“fwwmaﬁaﬁmmeﬁm’fammwfﬂimﬂﬂ’quLazﬁiwmqqﬁﬁwé’mu

A1 9 eRnTanestnwatsdsdntonlriulunundenisiduass 20 Snagulumingu

220 VAC@ — > Rectifier Converter Control Output [ 24 VDC

JUN 2.4 winnsmiluvesaindaniiesdnnany




910307 2.4 wannrsviaudundnnisialulunisudasssduliniinssuaadun

wsssu 220 Thad luduusssulniihnseuansed 24 Thad

2.5 lulasnaulnsaaasoneliung 2560
vainlulasaoulnsaaeieneluiung 2560 (Arduino Mega 2560) [5] Aauasanay
vasne1nelu lngld Atmega2560 1Jululaspaulnsaiassnan auisadaulusunsuuu
a9elulefd (Arduino IDE) waglusunsusugiead (USB)
2.5.1 auandfvaslulasraulnsaaseqeluung 2560

1. 91 (Pin) ¥y

- 971 VIN uussiudunsvasuasnaqelilagldunasdiaannieuen

- 91 5V 1duvendwaiimunu 5V 91nvesa 3v3 1du 3.3 volt supply 7
a%157u97n regulator vuvin uazlinsvualdasan 50mA

- 91 GND Juansmg

- 91 10REF \Junilifussiunadetulalasasulnsaians ileidendusediu
19U shield Taidouderiuuedn

2. vihgAuin

ATmega2560 Hsaenusi 256 KB (8 KB Tdmsu bootloader) wenanii
§45idn 8 KB dmi¥u SRAM wag 4 KB dwiu EEPROM

3. NETNBUNAULALLD AN

FunesnAinoariavan 54 wosn ansnduldidunauaziendnelagas
yhauiussiu 5 V uaglvinszuagaan 40 mA

4. flaridudy 1

- BumaTiNYiNeuand BumasTNN 0 91 2 Buweasinil 1 v 3 BuwesTnm
2 91 21 BURBIINA 3 U1 20 BULABITTNN 4 U1 19 BuUWBITINN 5 U1 18

- Wose PWM 2 84 PWM 13 uaz PWM 44 9 PWM 46 194 output PWM
output 8-bits

- Wo$M SPI 50 (MISO), SPI 51 (MOSI), SPI 52 (SCK), SPI 53 (SS) ldfd w3y
s935uUNsARENIILUY SPI

- wesn LED 13 vJu build-in LED feusioru digital pin 13 1o pin den
Ju HIGH weadiazin , umiievidu LOW weadiazsu

- @%n TWI 20 (SDA) and 21 (SCL) s033unisifiensionuy TWI (120)

- vasawng 2560 &I 16 dunmeuden usazvilinauaziden 10 bits

- 91 AREF 4530ud1adsdmsudunneunion
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- 91 Reset 19Tuns reset lulaspaulnsaiass lnevaluazldlagnisuiudy

reset Luu shield iiedasiuluiioguuuesn

lnggun 2.5 Jusunisuazgusiseseneliung 2560

SOURCE USB Connector
7to 12 V SCL |
SDA[ |
] AREF
| 1IOREF LGd
[ |RESET pwM 131
[ ]33v pwm 121
Wago 5, Red || |5v pwm 11} |
Wago 4, Black o pwm 10| |
— 1= pwM 9| |
| Vin pwM 8| |
— pwM 7 :
PL R, Blue|| |AO v 6|
_Al PWM 5
= A2 pwM 4| |
! A3 pwM 3| |
|| A4 pwm 2| |
|| AS 0> 1| |
ne 2;’ rxo< O] |
e TX3 14:
i A8 rRx3 15
| | A9 ™ 16| |
- Al10 rx2 17
| [All i 18| |
- Al2 rRx1 19 :
| |A13 spA 20| |
ta 2:2 scL 21{ |
i DA D BEDDDWLWWWWWNLNN N W
NOXTPRRNOSOXIABRLDX AR N|<
LCD, GND, Bm
Q [CMhs T epieigt T LT R I T
= == £ o
£ &8 & <
) c o = a
o O o 0
L g
=~ > >
(kg
Q=
g F

SUN
Y

(fian: https://1th.me/6zAQr/)

LCD, SCL, Gray
LCD, SDA, Violet

Wago 3, GND, Black

rLED, +, Red
gLED, +, Green
bLED, +, Blue

| |[RE1, SW, White

REIl, DT, Brown
REI, CLK, Yellow

[ [RE2, SW, White

RE2, DT, Brown
RE2, CLK, Yellow

Wago 7, Red

2.5 funtskarsuiaveslilasreulnsameseinslung 2560
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2.6 Loadn
LA (Liquid Crystal Display: LCD) [6] 10 uvefiviunainudninaivesnsanea

nann1sAefunaInsillndnsaing wseisunin Backlight Wellnsuasunsyualnilanly

Y A = o

nszAUnGn sy rnanlUssasillasiniantyv Backlight LamITUNNULNTINGD d1udU

9
[

laundnUanuliazliaine nanilidnuanasiunudvewmaneianea wudlle wee dil vas
mnflonsslunoeaznuiudnilsdoudimuiuiunasdnieg i

(%

PP =& Aa ° o Aaa o <
JoupadalluvananInasUiuunilenloudnanlday teweadfinuuukaninaiy
U U al 1 dj = o L% U = L% dl v dl
$19n958.58n71 Character LCD @93n150AUARIDNEINI 0D NVUTLTWAAINALT AZLUUT
anunsouanamadugunimvsedydnwalisondt Graphic LCD wenanfuseiiniluseninig
Handuanldamsnu vlriisuuuukarsusiaaniziaizadunsianing Wuuin1Ainea
= a = v a & v
\wsesfnLaY vise nihUeine 1l
2.6.1 NISHUILDATANINANWULAITHAAINA
aa & @ & a & v W ' )
1. weadakanINaldusnUse LWUIBNkANINALTUA IO NYIAUYBILUUAEF
WU DLBATAVUNN 16x2 UUEDILY 1 LDILAIDNYTIALS 16 A2 WATININUA 2 USSR ALY
U @ 20x4 AEvnefaly 1 waddl Fanwslale 20 i waglinavun 4 ussiin
2. woadiuanwmaidusunmvsedydnual Wuseianunsanmualainagli
1 v Q’.II = 1 o v d’l v g v 2
uwiazaauuninaenuLawmseUaesuateentuvinlirelaunsaaieguduinuuvinaela n1s
JEUVUINALTEUluaN BN Y09TUIURA (Pixels) luusazuug W 128x64 viuefiaonil
FIUIUTANNLUINBY 128 0 LazdIAALLUIAG 64 A
2.6.2 laseds1alaenaluvaanaadn
1A5985199090aT AN Uz UTLNaUT U8 2 hHULAIUTEAUTY Taaniu
9997719959na791) 6-10 hulasiuns Rasuluvaakiuwiiaziadaunedu il wuula dau
d‘ o = L% U =Y ‘NI 1 = d‘ QIJ
yosansvhliluanavesdnsudiiuluiienimiasdosnnssvy waskdnvanldlnensly
aziunuy Magnetic lnguoadnanunsaansualisiueadiulaamun 3 wuumeiufe
1. wuuldnisasviounas (Reflective Mode)
o v & | Al | Y] pRppa] aa &
wuuilldansussianlavsinfeveg Tuiund1weLeadnd weadfussianil
WiLNeAUNSELN g uluRRiwasaInwiesne
2. wuulgnisaannu (Transitive Mode)
& PE] ] A o v ' A oV Yo
wuvTnvasalnlinundsae wWisvinliniseuaNwannavinlateLau
3. WUUAIRULaTALYIaY (Transflective Mode)
dy I ) Y a aa :JJ [y a :JJ
wUUT U UNT5UIL1T A VDI WAAINAWDAT AN 2 WUUNITIUAY U919 16

HI0N1WT 20 AIONWINIBUINNI LATINUIUUTTVINALLAIA 1 UTTVA 2 USSNIA 4 USTVANID

1NN Ineguit 2.6 Wuseueadfivwin 20 dsnus 4 ussvin
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oo ook LCH o ] e kok

ok 4 LIMES 4o :+' '+'
2K IHHFHITEP“

o +++"'+++++

R o ‘_'
bk

sUfi 2.6 90U0aTH 20xd
(#ian: https://b.lnwile.com/_/b/ raw/ua/se/pT/)

2.7 Wsunsuwidaaadneoulnsaiass
lUsunsuandaaninmeulnsalass (Programmable Logic Controller: PLC) [7] \{u
gUnsalvilalednalan (Solid State) 1¥1191uLUUADIN (Logic Functions) A588ALUUNNT
uveslusunsuaidaasinasulnsalaesaeAd19A UK NNITYINIIUTDIABUNILADS
9xUsznauMugUnsaifi1endn Solid-State Digital Logic Elements l9@ v uaiuny
nszuIuMswreaiesdnswazgUnsallulssnugaamn s
2.7.1 Tassadrsvaslusunsuuiiaasdinaoulnsaas
Tusunsuandaasdnneulnsaasssiniand eudedulnandnunis
ﬁumﬁau‘lmﬁL'E"aulsusuaﬂé’ﬁymmﬁaﬁwéﬁﬁLﬁué’agfgwmiuLLdaquﬂidSﬂﬁgﬂﬁaﬁL%auﬁaﬁu
Hadunmfogunsaiduns uazdsiiazdouderuilsondnaioningunsaliondng dagunsal
dunp-lowmmaziinadeusesswifiveadiuiaseluurazsh
dwduiiueatanusadoudefugunsniduna-lodmaluusazi n1sdoude

A A o = s ] oY a a a & = =
LW@V]‘GSVI']ﬂWiﬂ'JU@?J‘EJLﬂ’Ju% (Sequence Control) uuiﬂgmﬂum@u@Laﬂmi@UﬂaﬂqﬂiuwLL@a"'ﬁ
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2.7.2 LUULEAINIINI9U (Schematic diagram)

1. HUUINITAIUAN

L1

Fa

3 23

24

JUN 2.7 ULUUATAIUAY

P = Py a A & %
ﬂ"lﬂgﬂ‘ﬂ 2.7 LLL‘U‘U'NQ??W'J‘UF’]&I@E]LL‘U‘U‘V]"LG]‘U‘UL@W'Nﬂﬁ'“ﬂﬁ\‘wﬂ@@ﬂLUUL?{UG}?Q

Aueneng9 s leulunAuaIITTUIUWINTY dnsudinysenauvasgunsaliundeu
| Y
wnnzludunldluismivauintu

2. UUNATANAT

L1 L2 L3

IRl

5UN 2.8 LUU9RIANEY
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91n3U7 2.8 sEUUMUANATUTENOUMELNINIUAY FaindusiaLagivand
Fesnsauaudsinazueniusyludivinsiueenly ludiusisgasdouneazidondiens
U3
2.7.3 dnwazn1sieulusunssy
1. M3WsulUuATULUY Ladder Logic Editor (LAD Editor)
Tunsi@ounienisadslusunsuuuy LAD Editor faguil 2.9 Tusunsuay
miloutunisaislaozunsumsfuanslidunuuiidenlds mafuvesnszualiazizonin

Network N15a319 Project 9w13131ng18 U3 LA INAUULAIENS

Network 1
| 10.0 10.1 Q5.0
|| || (
Pl = \
10.1 .1
Network 2
2.1 MOV B SWAP
—{EN ENO EN ENO|—
VB50—{ IN  OUT — ACO ACO —{IN

gﬂﬁ 2.9 M3PeulUsWNIUWUY Ladder Logic Editor

2. MatfgulUsinIuuy Function Block Diagram Editor (FBD Editor)

¥

dmun1silgulusunsuuuy FBD Editor Ae3u#l 2.10 g msud ndl
& a a a & = I 9 A A 9] o o .
Wugumediannseling Feazidunsaamsedeulusunsu lnaisayldyadda Logic Boxes

43

NilAundtenvasinnulagluddygyianwal Contact hag coil LRIOUNITATIIUUY

.
o o

LAD Editor usivzdyamdeitnaiagiunansoglu Box Adawaznisasieazaiisludnuuy

A15ULARE block 11MBNY

T33

12.1

AND IN TON

V50.0

ACO PT

gﬂﬁ 2.10 M5W@yulUsunsuluy Function Block Diagram Editor
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3. M3 TyuUlUIUNTUWUY Statement List Editor (STL Editor)

mMadsulusunsuuuy STL Editor faguil 2.11 iunsairaviedeulsunsy
Tneldsdndunuunisueios tnevflunsasne Project uuuildanasulusunsuiuesiia
arudrguazivssaunsaimeaiulusunsuandaasinaeulnsaaes wasnisiusunsy
apdnlusian TUsunsufignasnauuy STL Editor do1aagldannsoutadlierlusuuuunes
LAD Editor %38 FBD Editor lannlusunsy

Network

LD 10.0

LD 10.1

—— LD 2.
S2 0
S1 A 12.1
SO

QLD

ALD

= Q0.5

sUfl 2.11 madioulusunsuuuy Statement List Editor

¢ ¢
2.8 UIAINALUDIINY
& el & ¢ a ¢ 2 A ~ | amoy a ¢
UBIAIIALUBSINY [8] ADUDSARBUN MBS UUIALANTEIUNTOTBUABAUIDUDTLADS
AgUase wazindle WulAS2IAuRLAIAlAZIUIAEN UDSATIALIUDSI NIETDISUTEUY

a

UURnsiundlanaiassuu 1y Raspbian (Debian) Pidora (Fedora) wag Arch Linux lne

AnAsun SD Card Uaiasnaluessmelignosnwuuunlull CPU, GPU uay RAM agnigludiy
WRenfiu fgageusednlelelifldansailUldsudiugunsaididnnseiindausla
2.8.1 ruantinamalinvasuasa
s sl v Ay W = = PN
vainsaesinelagiuinieiu 2 luaa Aelunale wazluwal Tugua

2.12 zdulassasievasnawassnelunatanazlunad

RASPBERRY PIMODEL A RASPBERRY PIMODEL B

5UN 2.12 fegralassainavesanaiueiiniens 2 T

(fian https://blog.thaieasyelec.com/raspberry-pi-programming-with-gt-ch1/)


https://blog.thaieasyelec.com/raspberry-pi-programming-with-qt-ch1/
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2.8.2 49UUSTNaUVBIVDINTIFUBTITNI8IUAAT

=

vesasaveiimelaaal (Model B) Usenausegunsalsng o uansdisgy
2.13

5UN 2.13 dulsznauvesvesinueinnauassmeliingd

1. wasedilole Felulumaiauaglunad (Revision 1) Nnunastnilauiiu L
lunad (Revision 2) azunnenafiu

-

s A
. WDINLYDUNDAYUIUNINDBDNLUU RCA

ALY}

. LN IESIWIN 3.5 Tadwns

. LARSADUEVDIUBSA

. FUAIUAL LAN (LAN Controller)

2

3

q

3

6. WosH USB 2.0 911U 2 NI
7. Wo3m RJ-45 Ethernet LAN 10/100Mbps

8. Wo3m CSI (Camera Serial Interface) ﬁm%’m?}am\'du@aﬂé’m

9. wasn HOMI dwsuideusedyaaninuandes

10. ¥ Broadcom BCM2835 ARM11 700MHz

11. wodm Micro USB Power dwiuilulvhAessasuasa Raspberry Pi
12. wa$m DSI (Display Serial Interface) lddmsunaasuanina

13. Yy SD Card 9gUSHIAANUAIYIURSA
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2.9 M lwnou

lwmau (9] Fedenmnllilunsdeulusunsunmuds griwunduniagliadady
wnannesy aursasuntvlnneuld i auusruy Unix, Linux, Windows wag FreeBSD
mwilnneudu Open Source willoufun1w PHP nsifeulusunsulnmeuagldinsosdioly
n1swaunsenin 1A (ntegrated Development Environment: IDE) & sUsznaud ag
w3 oefleudlulusunsuduatiu (Source Code Editor) Lﬂ%‘l@\‘lﬁ@LLfﬂﬂ,‘m@UﬂWi‘@Q (Debugger)
wazedeaiietelilusunsuyhay (Run) Tnevldnseulefdazyhaunusddlaly 2 Tnun
Ao

1. Tnundadlidien (immediate mode) Wulnusiildagfusiddsasluludy

fieniwad (shell) 3enaulay (console) iagdds wasfulaniuazuladds mnlad
FoRanaInazyunuAdIsing

¥

2. Inupaasud (script mode) lulnuadideulusunsudaanuiadanany
o W [y Y v = I~ & A Y] Y o o @ 5 Lo @ =
AdaUsznaui UL un Julnd i d9liiwlan 1Ny uAU A FIRILAATIEILTN U

AAYEATINY SMNNFBINTTTINERUANLYNAREINSaldlnunduilifenlunsnaaeula

AegeueIn wIlnmounagun 2.14

¢, request, Jsonity
t Resource, Api, regparse

from keras.models i rt load model
model = load model( ple_ el.h5")

app = Flask(__name__)
CORS(app)

@app.route(”

def predict()

result = @

if request.method == "POST":
input_val?e = request.form[“input_value”
data = [fleat(i) for i in str{input_value).split(”,")]
np_data = np.array(data).reshape(1,18)
y_predict=model.predict(np_data)
result=str(y_predict.argmax(axis=1)[8])

return jsonify(
prediction=result,

}),201

gih’?i 2.14 i lunau
(§ian: https://1th.me/AZU1c)



18

2.10 S1ad
3106 [10] Wugunsalildasundsaulalii S undsnuuingn Wetmdany
fsnanndsganiduianouunaliivasuanusdudemhdudawasdaniduia dans
vhauvestiad avadnefiumainuvesainddidnusednd feanunsnthludsegndldamudiy
1993AIUANANNY Tonane
2.10.1 dauusznaunanvadsiad
1. dumthaufa (Contact) simehidus (Un-Un 2995
2. damunain (Coil) i adrsaunuusmanluilvunulans 1l old
wihduia (Contact) Andu Tagagvinuilold3uussiului @wWimaveussiudnaias
Juogifu vin waruresuan)

Tngdiuusenaugleaingun 2.15

VAN YRTRTEUTs|

NC
=1
NO

5UN 2.15 dudsznauvessiad

2.10.2 gadaldaunnsgIuvassiad
1. 9AsaluY NO (Normally Open) 1138 Unfivla uneaa1dd vinlddnag
Flaliliturnasnmieni wihdudasslifaiu lneisluasiluldnuiuinsidesnis
AUANNTTYINNUTA-Unies
2. 3stauwuy NC (Normally Close) %38 Uniitn visneauin windalidiinag
Flflifunainuderividuiavesiadeziotu Inemluagldauiuiasidosnisly
NIUNBDALIAN
2.10.3 Uszinnvassiad
1. 51adn184 (Power Reylay) ®3amauunALaes (Contactor or Magnetic

Contactor) Tdlunsauaulninings aslivunailvgininsiaduuusssunmall
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2. StadAruAy (Control Relay) vi3otadildamiuiily Tnufussuud
Tgmaslnialsigeunn
2.10.4 SiadaunsanuseanmudnvasveIneYa
1. 51agnszua (Current Relay) 1 usad veulneldnszualaia § 2
anwiug Sadnseiavin (Under Current) Ausiagnszuaiiu (Over Current)
2. Baduseiy (Voltage Relay) Widtadiivhendaelduseiu ffauuy nszua
919 (Under Current) lay Siagnszudiiu (Over Current)

v a

3. S1adasu (Auxiliary Relay) WuSiadnldiasulsyansansiaduiinoy 9

4. 310889 (Power Relay) LiuSadnlgnunundmasinuin Ingagsiu
AaudRveSadnTzia wagSinduseiutinmeiy

5. Sadnan (Time Relay) WuSiadnvhausiuiuiuna

6. SLatinszuan 19 (Differential relay) Ao StagNvinaulageIfonas19veq

AR

$%
a v

7. 3wadii%d (Directional relay) Aesiagivinaudiodinssualuainiidnie 49
wWuUSLagnasdvia (Directional power relay) kagiiagnszuaiiiia (Directional current
relay)

8. SLadszeEng (Distance relay)

9. Stadgaumnil (Temperature relay) A Sadvinunugumgiingsly

10. Staganud (Frequency relay) g 31ad#191191uULl 0ANDUDITZUUAN

| = | Ay
NI EUINAINNRAIL

11. yalgadsiad (Buchholz ‘s relay) Aosiagnviraumeiing ldfuvioulas
PN 1 I go’ L A a i3 :9{ 4 o 91961 C% (% a ey ‘g
Mudegluinfudiofia wead (Fault) Yunmegluniiauvas agvivliduunnduasiinfiietiy
meluluaumidudalnsiadyinau

2.10.5 aauauUANRvassIad
1. dedinrulision1siufsuntasga (Sensitivity) Asdaiiuaiunsalunis
a da a a < v v
ATIINUARAUNRLNE ANt A
~ < ° N v o Y & A a

2. fipmuiilun1svineu (Speed) Aomssanunsaviauldegissnsudeiia
Jaymau wedesiuldlvifnanudsmenngunsaluaglinsenunssiiausiessuy laenaly
et AlGluNAn9RsLTUBL TUTEAUVBILTIAUYDITEUUAIY

- SEUVIUIN 6 - 10KV z0dnsasnelual 1.5 - 3.0 Judl

- SEUUTUIA 100 - 220KV 92AB98R293501811a0 0.15 - 0.3 Fu19
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2.11 n1sUszUanNanIw
NNUTEUIaNaNIN (Image Processing) [11] PUNLDINTLUIUNITIANITHALIATIEN
sun i dudeyaluwuuddvia Ineldrenitunesiielilitoyandesnisniludnuninuas
USinas (e 3U39) wasantuanunsathdeyaliieseit wazadadusyuy
2.11.1 wmAdAN g lun1sUsEIIaNanIN
1. U%’Uﬂmmmwmaqmw (Image Enhancement) Wunszuiunisiunig
wUastayanInaIaY Wendvas e miiuseasiBenfineanis wseUsuiidevedlnuuadd
ABINTTVBINN LilaLUTe U U UTaYanT eI Ualaun DU, YBINN
2. NINTOININNIDA1TNTAFYYIUTUNIUDDNIINAN (Image Filters) A
n1siamlUsuiInsesdygssielvlaninnadnsoanu nmuadnsildasdanaus
LANAI9AINAIMT LAY TROUTEAIANANTDINITNTBIVBLANINABNITIUU (enhance) ¥38
anneu (attenuate) AnaNTRUNUTEMIVRINMN e lAldnnlinaauTRnufaInis
9] ) . ) & aa o =
3. N9YBUNUAIN (Image Registration) Lﬂmﬁmwwayjamaaammwma
1 v P Y a Ay '3 dy P S/Q’l’ <
1NN s iin wlniniiveyaniwauysalunndu lneawlninlad agsidunis
swdiuveoyansenvavidenluwiaznmitiunauiy Iingussasdmelilaningd
a v A o ) o v
uadeauwazdeyaiiiganedmiunsiiluly
4. MIAUaN WY (Image Restoration) n1svilin wAuganInALvIe
msusulssnwlivnzauiunsuo il
o ] 2 aa " | =
5. NSWUSEIUATW (Image Segmentation) 1uAsn1suUsdulndIunilsves
AflsaulaeonunanAmAsIfednis Genisuusdiunini lnesduluguaraviluduneu
{Uosnuuard1Aeog19unN189n15UTEINANaN NN NI TUNNE LHBIINAIMNNNNITUNNEA LA
dl' 1 I a o a I3 d{' d' [[ Y £y v Q{' o 1
MNIATBIEEANRUUANN 9 UnAsinaziiosdusenaudu g NeglndifesiueTaagiviaienin
' E Y] v = A v YY) . oL
W1 W elde nsegn altlzdnAgs nisulinTesdyansuniu (Noise) Uuluvue
180N MU NMTIATIBAAN L TEIETABINTS
6. mwwaumwiui’mq (Image Segmentation and EdgDeTection) 11591
oun I 1eglindnnismeanuduresaudud wie intensity losainfiveuglazidu
USLIUIANULANASVDELNN FIMALSIMAMUTUYBIAT intensity A laANutuNIn
7.n1350udnn I (Image Compression) 150 udakuulafinisggyLde
Tuazidentaya (Lossless compression) A1AINATNVBIUARZINNNAEEIAIBE IlouFY
ynUszn1snIeluinisildeuidairivasiaazynnin d9n1sdudnisiazendamaianis
Jaiutayalduarlunisanvuinvesteya n1siudawuugadsseazidundoya (Lossy

. aa A o a ! ! Y I aa A
compressmn) ']ﬁﬂ']iu%gllﬂqil,ﬂa‘EJULLU@QF’W?’]"JWmﬁﬁqﬂﬁﬂaﬂﬂiﬂﬂqwuuwmqEJﬂ'J']lI'J'] 35ﬂ73u1l|

winzaudmiuteyanmidesiinisduunteya (Classification)
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8. 11585197 W 3 &A@ (3D Image Reconstruction) NSILATITRAINNIINTS
wndlagldnim 3 ff Maaldsummdosnisegiannlutiagiiu esainam 3 ff awnse
wandbiiuian nsuriesivazidenluyuuewng o vasedeizld Jaiuszlevdedraunnly
msAnTEinwansume Tnseiozviodiuvesisneilatinmsiinsesilugiuoy 3 44
e aues Wile nszan W uazansslng (usu

n1sUsgutananInatntsadiveyaluiinsiey wavasruduszuula

MaINNaNY AININA 2.16 LuI9E19n15USINANAINB ITALATIE NS UUATITULDIOUY

SUT 2.16 SrUUUANIIATATUUVIDIAUY
(flan: https://1th.me/Ctdks)

a v Ao < 4
2.12 L UNALAYUINLDEAITNULSIAUIIN
a v aa @ I3 <) a o @ 1y [
woundiaguditeaanusanriniduseundtunaninnusidagiuuuninsin
AUSWUVATAOE/BUIAENAANINANNSIGIdALarAMS Rl WIATTnAIUSIIIsa
aaulunnseni1aniien1sTn (ludsatlusnsanlatunsmnatlud) kasd1u1safAnnIunIs
a P a a A I3 a o aa < &
LAUNIIAIENITAANULUUEAULLLNUN Imag‘dw 2.17 WUguLaUnaAtUANLOaAIIULTIAUITN
2.12.1 IAUANSHENINE
1. adusesnaluum km/h wag MPH d1115un1sinauis)
@ < < &
2. 195IAMUSILUUBUIADN UL AL AKLIF
3. TUARLIUBULNOLERAILINT TR UUAIN DAL UULAUMTNRD
4. UARIANLAAELAT AN IFIEATDINTITAUN
[y 1 [ % 1 < a 1 Y
5. @AUTEMINNIAUAINTIUBALTOURAIBYIIAIUSY 120 Dlatumsmagilua
29 360 Alalumsnatilua
2.12.2 ASANRIY

1. famuszegnfiiunenusieionasausigene
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2. IfulsyiRnshinmudeyaneuiunisuansdayauuusealng
3. AndausalunsWa-Uanisaneiy
4. RAARNUIATNSDUIALAUNINLA

5. SWndoyanishnnuuszifegsinsiuaziieny

GPS ANISIENIIN
GPS a3 N

% % % %k %k

SPEEDOMETER LIVE TRACKING SPEED LIMIT
H SPEEDOMETER TRIP WITH RECEIVE ALERT WHEN YOU CROSS SPEED LIMIT

JUN 2.17 woundindudfeaninusiaunsm

(fian: https://1th.me/dasual)

2.13 3z8gLUInsn

lunsiusnsansenynse seaeNldluuonIINITLAZUINEEIIRITINTIaTlus

v a Y

andulane lagenvagldnauanieiuauanimauauysalvessanas dul Fessusiusn
suilulmugui 2.18

2.13.1 5282An

seoztilusvueaenvesiduizanusanesaiuinfivsnisaldunsneinlu

[
= [

39kl MNToUAS18LANTUALDI9LYINNSHRAULANBDLUINTD TFINTLUIUNISANLALHDANTDN

[
LY

sodltia lunsaliliduiusarauazliszasiiaunnusaiueenly



23

2.13.2 282U
seerildussozivinmBeuiusnudunsavzlivgaluiufinszsavzindoud
soluBnauegiuAnunsimdulunluvae iy
AILUNNTTILVEATORDINUIN 2 TumpudsIeiy Nasseznalunsdndula
P & a 2 a D a |
UDITTYLLUTN WNISNAFBUAIULSITONAINULSY 60 AlaunsaatIlue way 80 AlaLunsae
FlInuINANULEI5 60 Alauasretludddszezusnifioniulasnfuuinnii 26.5 lWAS

LarNANLE 80 Alatwmsaatilusldszuziusnioanuvanaiouinni 50.5 Was [12]

STOPPING DISTANCES

20mph = 12 metres (40 feet

(32km/h) m e Tk gt THINKING DISTANCE

30mph m = 23 metres (75 feet BRAKING DISTANCE
or 6 car lengths

(68km/h) Averge car length = & metres (13 feet)

40mph m = 36 metres (118 feet

(64km/h) or 9 car lengths

son RIS -l

el o > sn g

Rl o > m R

JU 2.18 AadesresnenIauganIuEIaeg

(‘ﬁm: https://carlasdrivingschool.uk/pupil-area/reference-2/stopping-distances.html/)
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N1393NLUU

Tuuniing1ien198enNkuUsEUUNISNINUYBITEULan URLAIINNSH kAR
n13UsEanananIn laeliudanlanazinsunIsynIuYeIT UL N1509NKULINAT NITIDNLUY
TNSYISANTITYINIUVBITEUU NISAIUIUEIUVBINSUTEUIANE BaENI59DNLUULATIAS19989

szuvangUavg N liluasiensseulanann

< o va 1 v
3.1 ‘Ua’e']ﬂ‘lﬂ’é]3LLﬂi&Iﬂ']iVl’]\‘i’m‘UE]\ﬁSUUaﬂQUﬁL‘Vi@!’i]’]ﬂﬂ’ﬁﬂ’l‘lw LLANAIYANIT

UssurananIn
Y o=
nNana 1AV TN WNN
4 Z
21995)asusEaY
USIAUADIN
i ¢
. 29951 ausEAY (X
aIny [N Nuoad Tra5195
15399 UADIN

TulasnouInsaaes

A
LA

9198 TUINNE 2560

UM 3.1 vdenlaezunsunisiauvesssuvanaURmgainnisilnuasimenisuszanana

AN

NFUN 3.1 eSuensvinuvesszuvangUimnannshliluasmenisuseuiana

1%
[

Anlenad
3.1.1 AABUNA Us2nauaie 2 diuhe

1. Bunmadnduar 19T UiguTEAULITIRUADTIN
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dunmainfiduaindfide fionsnaivediianas uasasasnBsuseduuseiy
aodnvhmihiasuussiuaeinlinsatuilulasreulnsamesuaziiueadsuld (5 Taad)
2. ndesiminfidadyananwluiinauesine
3.1.2 aaUszadana Usznauludie 2 duu e
1. 9198lung 2560 uaziinead
omeluluny 2560 iwthillunisuansualufiaeusadd uazfineadvimeng
AIUANNITINUYBILNATIDS
2. SavefimevminiUssinanadya anniazAuANNTIaILYes
szuvangUavg N s biluasiensuseuianann
3.1.3 aA1ane Usznaulusae 2 diu Ao
1. woadhuazlnasnes
Loadfvimifiuaninisihay dnal nuavesmsiaunaduaing uag
lrlas1959zgnmunNseiedmmesitoadnuildlusunsuly
2. 9epoufiunesuazisanliussiuusaduanin
90ABNAIABS VTN A UAAININDINAITUTEUIAHATBITIAUBSINY LAz
Nfﬂimﬁauizé’uLLiQG‘fuaa%ﬂﬁmﬂwﬁiumi%’ué@@mmﬁwmmmawa%wwaﬁﬂﬁmmﬂmiﬂ

AIUANBUNAYDINLDAT

3.2 N1323NLLUUVINRT
3.2.1 2995594VRIN15aA UAMARINNTSH W LAIAI8AITUTENIANAN TN
Seviimsinelnlisassn wsasdsuszduussiuasiniisiedulu button
dlenatsl button axdsdyanudunnlufiiiueaduaslulasnoulnsaneieiqelumny 2560

= o N o v ¢ &
“NWLLEJ@‘?JVIWUWU?%@J’J@NEWLLazﬂ’JU@ML@’]@W@lW%Wi Iﬂﬂﬁ]g(ﬂﬂL'Jﬁ']LLaﬂQNaGUEJQIWf\ﬁ’]“\]iLLG]

'
al

agaaufdiiBinhauniengamiau uaglulasmoulnsaiaeseneluing 2560 i
Uszananauazdsdeyanisnalu button luansiiaeusadi Tuduvessawesimeviming
Uszananann WelidygauniwainndesdanuszinanafinauesinenazdLondne
oonluiinesndiilele (GPIO) Wihnsdsussiuuswiuaninilefiagtoudunaliiuiiuead

ﬁagﬂﬁ 3.2



Camera

[
Port
Q
\ Ethenet §
2
N 200 I 2 Raspberry Pi4
(i &%
\—/ USB 2.0 -
LED
[
|
NO| NC USB 2.0
° 1N4007 V. 7 GND
\ [
com BD 139 !
p—
AN,
P I T T T T
Ei EJ Ei [1 El Ei Ei Ei [1 [1 [:1 Ei USB Connector
[ [ R IRIe] 4
24V GND X0 XI X2 X3 X4 X5 X6 X7 X10X11X12X13 GND Tt012
PWM 13
FXIN-20MR
MEGA
SDA A4
24V GNDcom0 YO coml Y1 com2 Y2 com3 Y3 Ydcomd Y5 Y6Y7 o = As 2560
GNDY
% 5V
v = % $ % $% 5V
+
L GND
5V
\\ 200
1<)
LED
|
NO | NC
1N4007
coM
o
[1 Button

5UN 3.2 193559198358 UUangURMR 1NN SEN LA e SUSEIARAN
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3.2.2 N5 balantUaawes

1. 1a519583e1

12V 100
(. AW
100
AMV—
I
N

JUN 3.3 n3siolnas1958i1e7

03U 3.3 1unnsaelalentusauasdidon Tnveynsudu 3 dauaz
fasunmu 1 61 nutheiioynsurefunuumuuiuelunvesalondwuasiusnderi
Vee 12 1386 Wazu19996 36 1UNIUFA 089N 10 LI3nunnaseulalonllasuailnasmiife
3 Toadt nszuagsaaiilvarinulalenaduasdie 30 daduoud

ws9u 3 1had nszua 30 Jadueud

Vi = Veec - Vieo (3.1)
Vg=12-3(3) = 3V

MAFHUNIY (R)

V = IR (3.2)
R; = 3/30x10° = 100 Q
R, = 9/30x107 = 300 Q

ymaabil (P)

P=IR (3.3)
Prs = (30x107%)?x 100 = 0.09 W
Pry = (30x10%)?x 300 = 0.27 W
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2. IWas1958uma

12V

& & &
oo o &

|
|
|
! A

ok
ok
&

JUN 3.4 N136iolnaT193duns

9n3U7 3.4 . Wumseelalenauaduns Tngeynsuiu 5 fwagdasumu
1 f7 ndudiyaf eunsuaen uwuuvuIud seluavalalaniua suasdusne o iy

Vee 12 1286 Laga1U89R 38 1UNIUADAINT1IA LIIAUanAsaulnlanlUadlaunasiife

2 Taadl nszuageannivarulalenUduasie 30 Taduoud
wseau 2 Laadl n3zua 30 Haduewd anaun1sn 3.1

Ve=12-5(2) =2V

WAL (R) 9INELNNTT 3.2
Rs = 2/30x10° = 66 Q
R, = 10/30x10° = 333 Q
wiraslyl (P) 91naunsi 3.3

Prs = (30x10%)? x 66 = 0.06 W
Pry = (30x10%)?x 333 = 0.30 W
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3. 51958 a0

12V 66
R AR AT AT oo
I

/—</< 333
= AW
N

JUN 3.5 Nseiolnasasdivies

91n3U7 3.5 Wuniseelaloaduasdivdes lavaunsuiu 5 dauas
feuvu 1 67 antuihyefisynsuseiuluurwIuguelunveslalanUdwuaiinsndaiv
Vee 12 1280 Wag1U0903A1UNIUABAINT1IN Lssaunnasaulalonllasuaiiaayfiife 2

Tad nzuageaniivarulalenduasie 30 daduwond

45901 2 1as nszwa 30 Jadwaut Anaun1si 3.1

Ve=12-5(2) =2V

WIAIRIATUNY (R) ANANNTN 3.2

R, = 2/30x107 = 66 Q
R, = 10/30x102 = 333

wiraslu (P) 91naunsi 3.3

Prs = (30x10)?x 66 = 0.06 W
Pr; = (30x10%)2x 333 = 0.30 W

3.2.3 2993ABUTEAVLINUABAN
1. 2sasildsussivnssuaniniagldnsudawmesiJuaindaun

& Y a s a ¢ v i3 a = aa
LUu’NﬂiWI%Wi"Iu‘ﬁaLﬁaiL‘Uua’)@ﬁfLLagiqfiLaﬁﬁrJUﬂﬂJ@uwmma\i WHaagaN

[

veaviaofidyqyiueidnnanifilelovesstaesameuvid (B) vemsnulames ¥9as
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M 1uBamasyinanuinnsehalnaniuanaIn wsaununtndunasiagaziuasuain NC un

1 NO wazazdaudunaliiuiiuead Aegun 3.6

PLC

[ _—
N\ 200

—o—\VW—

LED

|
NO[NC
o
g @ IN4007
coMm

BD 139

z 1k \_T:
a1 OUTPUT @_K ™ AN\~

RASPBERRY PI

U 3.6 2asildsuszauussiuasiniaglinudamesiluaindaiuny

2. 239silRgusAuusiuaenintaeldaindaiuny

< oy oa ¢ D A a = N ~ A a ¢

Jurasnldainduarldtiadmvandunnvesiiveaddnveanils Weneaing
azadunmdu Low linululasaeulnsaiasseinalumng 2560 wieudunitdudasiad

wLUaEuIN NC 2191 NO uazaztoudunalvinuiiuead fagun 3.7

PLC X0

5V
(@
\\ 200
LED o
|
NO[NC
o

E GD 1N4007
COM

4@ INPUT MEGA 2560

.||_

?)lj BUTTON

UM 3.7 1aswfeuszrunssivaaninlagliaindmivay
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3.2.4 2199587UUTTUIANATIELUDSINEY

©
=
o
g
1
© o
= a o
Bl *aIaadniugy PLC
Raspberry Pi4
Camera CSI
- (=) (=}
g ;E) i S
GBIFEc | e e
- D =]

JUN 3.8 2993d U THIIaNATENINNADILAY IIALUDTINY

9n3U7 3.8 UuesdinysznanasEnitngedLazauesInielag ns
JuamAaANUSIsalaedgIAUNNINNGRY ArdwnUssanafi e Nediasadl
& a d ) ¢ q' s aa sal = a
AusIAuglimdeRzduadnnsaninesnINtelevaesaluasinig WeAIuANBUNN
vosiineadlilansnuasmunlalusunsuly

3.2.5 2993A7UANlNaTaslagldNuead

4
[

s

qu

T

l
[

l
T

l
T

l
T

l
[

l
[

l
T

l
[

l
[

l

T Y0 = Tvlidien

dodotod. dododo dododod

24V GND X0 XI X2 X3 X4 X5 X6 X7 XI10XI1 X12X13 GND
= Tvlmans
FXIN-20MR v2 = Tluas
v3 = Trlidenn
GND com0 YO coml Y1 com2 Y2 com3 Y3 Y4 com4 Y5 Y6 Y7 v4 = Iwmaeql

vs = Trluaar
|2V —

5UN 3.9 29smuaulnasvsiegldiinead

NFUN 3.9 Akeadiihmthinivaulasastagaiunsanisesunelaned
Y a = o o D o a Yo o = ]
19senudunaiweadvimihtlunsdeudyanaduneliiuiiveadlngavse

andseninanBuneiunsng Wenaaindavdeudyanalnaulviiundunnvesivesd
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s naiLeadivinlunsdeudyayaiednnainiiveadiie

4

it dulnanlagmaerdnnazimiiiiadeiiadlngazdounasinedulaudniie
COMO uazlwurnidiinndavinvesinanuazdaavveduamdiiion Yo dlefldyaaiedng
gyl COMO v YO (Wonderuvinlilnanyiem
3.2.6 NATAIULAAINANIULDAYR

Lulasmeulnsaaeseineliung 2560 vimtnnlunssudygiadunn LOW

[

1N95LUAIUTEAULSIAUADINLN DUILAAINADDNN I LDAT A LAB ALV LA INARLIANVD Y

Y

Trlusiazn9aRIuilagfiadnysuannIsAIIAIILRANTUNINTNABLEATA AIgUN 3.10

3 iy

USB Connertor

SOURCE
Tto12v

PWM 13

MEGA
2560

A4

SCL.
1N4007 LCD - s v

5V

[1 Button

5UM 3.10 2TEIULAAINANIUNUBATR

3.3 NSATUIEIUVDINISUTZUIANANN
3.3.1 NMsAUIULIAIUSTZUIaNE
[ a ol a 3 | 4
L'Ja']Ui%ﬂJ'JaNﬁLUuL'Ja']V]ﬁ']ﬁLU@ﬁﬁWqﬁiﬁﬂUﬂqﬁﬂigﬁﬂqaNa I@HL?@JWQLLWﬂﬁ@Q
FUNNTORAIAIWIUAIISITITIEUDTINY AugaiisnauessneddygIaernmean
d' s aal ° o = a1 o d' s aa
WW@?WQWI@I@ I@EJ?]']U'Jmf\nﬂL'Jaqumgﬁ]UﬂqWﬂQLﬁaqsﬂmgmﬁqamﬁqu@@ﬂwv\l@ﬁ @QWI@I@Q%

TanatUszananasiaunisi 3.4

AMUSWSTUENE = toyrpuT — tunm (3.4)

touteur = NAMTIEUBTINBTIINTUSTIIANALAEAT YU NODNTINDSHI
ilale

taymy = LIANVENNABIUNMTL A IUAI LIRS
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3.3.2 AIATUIUANLSTO
anussaiduanudifisunaldainamildannssuanusisiendes
WaUsEnaNanuE eI aUesINe Tnondesduninsasiunusd 1 Sufinnaidl t, way
Funmsafisunusd 2 Suiiniaand t, Inefesrmrunszesn19sEnIeunued 1 uaz

AU 2 WAUNSEEENIIUNMITAIELIAN

38N UAS) x 1000

ANUSIs = (3.5)
(t,-t;) x 3600

Tunmsmszezmealunduszesiieseninagei 1 uazqgedl 2 Tnlaaniiuias

9

WIalgUAUNABIRanINg 3.11 funieil 1 ¥9aINRNRINaed 20 wng funtedl 2 119310

'
a

PNAINGDI 16.9 0T FatuszoznIazdaniiny 3.1 wes Fuavihamilalunuluaunisi

3.5 Wemanusisasield

1 Y
2

WNIINYANAINGDI 20 AT

JUT 3.11 M3AWINAAEITNTEINGDT

3.4 Wa1913an159119 UV lUsunsy
3.4.1 Tlasvinnmsineuvestusunsunananlnesias
TWafvdnnsvhauvesiusunsusanatlwasasinusliaing X3 uaz X4
Jushdenlumsiiuanamieananaivesleulnesas dind X5, X6, X7 waz X10 13u
aindTiRuAavseand e fiaznids fauds D4 fuaies Greeno, D5 Huaes
Yellow0, D12 +ut3anwed Red1, D6 1Juvianved Greenl, D5 1Wuta1va4 Yellowl hag

D10 1Wunatved Redo Wialsudua1anaing 81 X3 = LOW uay X5 = LOW wfiudn D4 uay
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D12 wdandunns wiouleluyd 1 X3 = LOW nie X5 2 LOW LU suladaly Suen
X4 = LOW wag X5 = LOW anen D4 uay D12 flflylufeuludnly faguil 3.12

Start

A 4

Sumaiad X3, X4,

X5, X6, X7, X10

»

Y

iindn X3 =LOW

X4 =LOW
D4, D12 X5 =LOW X10=LOW
'y
NO NO
v
A S X3=LOW X4=LOW YES aam
D5, D12 X6 =LOW X7=LOW D5, D10
A
NO NO
v
A e X3=LOW X4=LOW YES aaa
D6, D10 X7=LOW X6=LOW D5, DI2
r'y
NO NO
Y
s YES X3 =LOW X4 =LOW fEs aafm
D7, D10 X10=LOW X5 =LOW D4, DI2

NO

JUN 3.12 Wadnianisvheuveddsunsuawianlnasas

3.4.2 Wat¥3An157191ua9lUsSLATULEAINE
Tlaswsanisviauveslusunsusaninaidioduanuazuaiainadngun
wnulAludiuus Up, Down, GO, YO, G1 wag Y1 61 Up = 0 wag GO = 0 RuAduys a 4 1
a1 Tuansnaiiaoueads rldldlnluSeuledaly &1 Down = 0 way GO = 0 TWanAsauUs

aa v

a a4 1 Aaluuanaaueadd 61 Down # 0 1181 GO = 0 TReulvdaly dagui 3.13



SumnaIaguuiud
dunls Up, Down,
G0,Y0,G1, Y1

35

G0=0

- YES Up=0
WNATb
Y0=0

NO

Gl=0

AR YES Up=0
1A d
Y1=0

NO

NO

Down =0

Y1=0

NO

Down =0

GI=0

NO

Down =0
Y0=0

NO

Down =0

G0=0

YES

YES

YES

YES

aaf1d

aam b

aanla

JUN 3.13 Wadvnsnnisviauvedlusunsuuansa

3.4.3 Iadvrinn1svineuvesiusunsualunulnasas

AMua s

D4 1 JuA1LIa8e Green
D12 tHuriaives Redl
D5 (JuAaves Yellow
D10 tJuAia1ves Red
D6 1JuA1LIawes Greent

D7 WuA1naIved Yellowl

Walsuvinau agsuaAavadliumazaie tnensisdeudouly SuA1an D4,

D12 114 uams Green On wag Redl On walnaulugasusu a1l luideulesuian

D5, D12 #1149 uans Yellow On uay Red1 On wdandulugaisudu dli lufiteulviudn

1981 D10, D6 9114 wamdRed On wag Greenl On wanaulugasusdy a1l luneulusuen

181 D10, D7 #7149 wans Red On wa Yellowl On udandulugasudu dilai Tinduly

AT AU 3.14



A

(.

o Green On, Redl On
JUAUIAT

Yellow Off, Greenl Off
Red Off, Yellow1 Off

D4, D12

- Yellow On, Red1 On
JUAUIAN

Green Off, Greenl Off
Red Off, Yellow1 Off

D5, D12

e A Red On, Greenl On
JUAUIAN

Green Off, Yellowl Off
Yellow Off , Redl Off

D10, D6

W Red On, Yellowl On
TJUAUIA

Green Off, Greenl Off
Yellow Off , Redl Off

D10, D7

JUN 3.14 Wadnianisvihnuveddusunsuaiuaulnasnes
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3.4.4 Tad913An1511197UY89N15UTTUIANANTN
Tai1san1svinauvesnsUssananan i ol ureauassuAIaInngss
MntufwINAINET demdufuimunaginstiuiinanuagdiednnooniines s
3ilele amiitudinlgazdaiullulnanes udraumsvhey denudisaldiduiicivuals

WinduluSudnainndes daguit 3.15

( Start )

v

FUA1910

\ 4

)
GBRN

A 4

o <
ATUIUANULIAITD

<3 a o
AINMULIITDNUNTHUA

wunmadlu Tnames
&4 GPIO

arunulwesas

End

5UN 3.15 Waiv13nn1s9iaueensussaiananin
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3.5 sanuuulassainessuuanalfmnann s lnuaefen1sUszIIaRan W
3.5.1 TaulWas1as
Tuniseanuuulanlnasiasvuinvedlaulnasias Iuaazaiediduniuy
Audnans 10 iwudiams n3eulnasnas s 15.2 lwuflang o1 43.7 isudnng ‘fagud 3.16

wara1nniseankuulanlnegasainguit 3.16 azldauladlnasiasdegui 3.17

43.7 cm.

15.2 cm.

sUdi 3.16 Tuialanliiasnas

Ui 3.17 Taailwas1es
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3.5.2 Y¥AAUANTEUULNDIIRS
lun1588NLUUYARIUANTEUULNASIDT ATIUGIVDIYAAIUANAD 149
WwuRans ndeseuaNduuitundsll nta 28.5 wuRiuns 81 29 iwuRiuns naosnIugu
Fruansfivuiedsd nie 18 iwufians 811 29 LBURALLAT WaYFIUYDIRIYAAIUANTEUU L
9519581vuIn N9 52,5 wuRng 817 48 wURKRS FIgUT 3.18 WAINDBALUUYAAIUAN

Irlas195lugui 3.18 axldynmuauszuulieTasfagui 3.19

29 cm.

29 cm.

JUN 3.18 luwagnmuausyuulnesas
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JUN 3.19 YnAIuANsEUUlnesas

mﬂ'gﬂﬁ 3.19

9091 1 FDUAAIHALDADA

D

=

9091 2 Iuansannuzueada

07 3 YuiFumesvianu@den) uazvgansiau@uns)

w7 4 Yuidenlrasas awnsadendaialvusagasldmudves Tns
Juil 1 waw 2 (Fuaindrelunnn) Wunsdanavedndeuasividesedaulnasaslaud
1 auanny LLazﬂmﬁ 3 uay 4 (Fuandelun) Wumsdnamesmdeuarnndoswes
Tallasnaslaud 2 audidy

7 5 YuiiuuazUuannat Yudidendunsifiunailnasasinenisnn 1

9 3

A1 inastaz 1 3uil Juuaadunisaananlvlasnasinenisne 1 Asa anasia 1 3unil
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3.5.3 lWa3139
lunseenwuulnasiasagdsenouludisianlnasnasuuin 330 wuAuns
wazfnnass 1 A1 (3ail) wazdsznaudugalaulnasnasnlaainnisesnuuulaulnasiasi

3.5.1 (ﬁmﬁZ) faguil 3.20 wazanneenuuulnasasluguil 3.20 azlé’lmiwiﬁ’qgﬂﬁ 3.21

Y Y

134 cm.

JU# 3.20 lunalnasnas



42

sUii 3.21 Twe51as

3.5.4 szuUangUALAINNSENLAIAI8NTUTZIIARAN TN
lun1sesnuuuszuuang Uamn NN liuaan18n1sUsTEUIaNAN N T
Usgnoulumenisesnuuulilasasuaznisesnuuuyamunulnasiasitisnedud duns
Fouseanglullugail 1 Anuen 2.4 w3 uazlugedl 2 mnue 1.3 wes lnsaeliildas
Tdyun 18AWG (munszuagean 16 woul) uazvuin 14AWG (Munszuagian 32 woud) i

U7l 3.22
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JUT 3.22 szuvangUivinannnisdhliuasienisuszuianann
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N1INANADILASHEANTINAEDN

Tuunilagna1faean1snaaeIni1s1NuYessEuUangURmAaINMIRI luAIenIs

o

Uszananan1m edlvdenismaasshe n1snaaedaindauaudyy1adnasnas nsmeaesdu

ﬂ?ﬂ&%%?iﬁ%?ﬂu@ﬂwaLﬂ%ﬂ ﬂ?3%ﬂa@QﬂﬂiﬁUﬂ??i&%?iﬂ%?ﬂﬂ?iﬂi%ﬂ?ﬁNaﬂﬂw NNINAAD

szuvangUavg N liluasiensseulanan

4.1 NMMARBIAINYAUANE Y IUINATIDS

1

aAndmuaudnaalnasasfesindilifvuanaediaas Tasasimuanm
vaslasasausamuauiuduaIndning reulnsaua uansinuninveweadiuag
doyeyaulna19s lnenthdaeulnsadesimundlnesies wazfaaivadliasias wieusa
wanIuvtheeweadh Insazsuatlnasiasiis 2 Taullwasasndouriu
4.1.1 Inguszaea
1. ilovnaeungniesvesaindlvinnulsioisgnies
2. iilenaseunsdsdynnudunlviiululasaeulnsaiaefuagfiuead
3. Wilonageunisaianveslneses
4.1.2 gunsallun1anaaag
1. @n button 8 7
2. 2995entAIUAY 8 YA
3. llmspeulvsameseneluung 2560
4. fieaziu Mitsubishi FXIN 20 MR
5. 90ULDATA
6. 351395 2 %0
4.1.3 FumpuNINARBY
1. deuvdniiiedainies
2. sioaind button 8 FudiuIaTaIndAIvAN 8 YA
3. foanedyrannaintamuauluililasaoulnsaaeioiqgelung 2560

] IS)
A WLLDRY



a5

4. sioveuoadiinfilulasreulnsaaesornsluuing 2560 uavselnasiasii
flondmpvesfinoadii 2 n

5. v1n13 RUN Tsunsululaspeulvsamesennely wne 2560 waviikoad

6. naduadndl (Start) wagnayuaing2 (Reset) danauazuiinuaadly
3971 4.1

7. nauaind3 (GREEN) wagnauaind7 (Wfiunan) ielfiuian 10 3und
nauainda (YELLOWO) wagnatuednd? (Finnan) ieifiune 2 Jundi

8. natjuainds (GREEN1) wagnauaind? (finnan) ieifiuna 10 3undi
natuand6 (YELLOW1) wagnauadnd7 (ifiunat) ieifinnan 2 Juni

9. naduaing1 (Start) unalnasiasusazadunaltasdurinuaadlunisng

10. ¥RNUN15NAaRITN 7 89 9 Teeddlni@en 10 3und lWwdee 2 Jufidu
natarvuNnKaadlumI$en 4.1

A3 IBudAIAILRANATA

1y
&

nadine — Lafidula

% ANAUNANAIN = iE | x100% (4.1)
LIAINHY

11. ¥nan1snnadilaannnisneasd 4.1 lundesidudaianutinnaia
INEUNSN 4.1

4.1.4 HanN1INAaDY

M19197 4.1 MTRRANIINAaREIntAIUANFYLIlNaT193

o
2
[

AN %
Tlasnas o Junan (s) ANAIY
L@ (s) 1 2 3 \de NANANP
GREENO 10 9.80 10.20 9.90 9.97 0.30
YELLOWO 2 1.90 2.10 1.98 1.99 0.50
REDO 12 11.82 12.10 11.96 11.96 0.33
GREEN1 10 9.92 10.30 10.50 10.24 2.40
YELLOW1 2 1.98 2.05 1.99 2.00 0
RED1 12 12.50 12.40 11.98 12.29 2.42




a6

MnNMseassarnUInsianafilaulnesiasieud 1 fivedifudarauiianannd
Indifety Beranadosrinnuiianainazainiy uwilunissanarileulvasiasiaui 2
nswananlilasiasimdesldfiruiianatn uinisaananlnasasdiderfivefifudaiay
Aawanauinds 2.40 Wodud lunsiananlaulvasiaslaudl 2 Sen1sdanaiuind u

AMNURANAIRN TN TUAMlUAY

4.2 N15NAABIIUAUSIT0ANUaUNALATY
N13NAABITUAMULSITNwBUNA AT UITUNSIE eANAa@RULBUNE LATUINN
2 weundnduiionuszansamluldlunsvnasssuanui$isadisuiunisussananann
Tunsvaaeuildueundiatunaasuiisufudludsodnsoeudiduszuuianea Tngly
nsnaaeuldsniu Honda PCX
4.2.1 Inguszaen
1. lenedoulsyansnnueUndnduifoaninudiaunsy
2. lenaaauUsyansnnuwaUnaLat Speedometer GPS
4.2.2 gunsallun1snaaas
1. nsfnvidledio
2. SOINTYIULUR
3. LaUnAATUINeAAIULSENST
4. LpUnalAtu Speedometer GPS
4.2.3 TuUABUNTNAADS

1. aulvankaUunalatuafitoannusausv SUN 4.1

/’\ GPS anaiaundn
: )

iiorlslnai

NMIUAAIAIDEN

JUN 4.1 woundinduidfieaniuisiaunsv



ar

2. ailvanuaUndladu Speedometer GPS gﬂﬁ 4.2

Speedometer GPS

flovlsTna

Taruunuaiil

Jdayadiadovoviniauvavsing

ihsmguiusy

sUf 4.2 woUndladu Speedometer GPS

3. FUlisaseauEifismunnunsedl 4.2 ndeudufinuanisnaasiwas
sUfilFanmmnas

4. FUTsaderuSafisnuem RIS 4.3 wienTuiinnanisuaassuas
gﬂﬁlé’mnmwmam

5. Yman1svnassfildainnisveassdi 4.2 Tunlesidusaiauiianain
MNausT 4.1 waztuiingunanisnaaeile

4.2.4 Nan1INAaDY

a o < a v aa < 4
A15199 4.2 AT MRANITNAADINITIUAIULIITOANNLDUNALATUANLDAAINULIIFUITN

AT AMUISITANKBUNALATY
nlug INLeAAUSIEUNN %
S09NTYULUA (na./231.) AANURANAA
(nau./%1) ﬂ%ﬂ‘ﬁl 1 ﬂ%ﬁﬁl 2 ﬂ%ﬁﬁ3 WAt
30 28.7 29.5 30.1 29.4 2.0
40 37.7 37.3 40.0 38.3 4.2
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A15199 4.3 A1TIWANITVAABINISIUAULTITONNLBUNALATY Speedometer GPS

ANLL5I0 AMLLEITNNLEUNALATY
nlud Speedometer GPS %
SOINTUIUYUA (n3l./%a1.) AIMIINRANAA
(N3./2.) s 1 ASait 2 a3 | ede
30 24.4 24.6 25.6 24.9 17
40 36.3 38.3 36.2 36.9 7.8

A1NNISNAABINUI LD UNALATUR W LaAAINULS 1ANITNT AUA ANAIAL 8NN
woUnaLAtu Speedometer GPS Faidanldusundiatudieaninusauisnlunisnagey
JuAMUEITATEUAUNTUSZIIARANIN

PRy ) < a o aa & & W
sUnanvaaasilannsTuaTa L UNAIATUITeaAISEIN TNy

ANIEIN 30 Alawmsdedalus Aagun 4.3

JUN 4.3 n1sFuanusisnatnueundnduitieaninuidiaunimiuanansin 30 (nu./vu.)

Ay v Y & a o aa & s o
E"LJNaﬂ']ﬁ/]@a@\‘ﬁ/ﬂ@"\]’]ﬂﬂ'ﬁ"\]UﬂTuJLi'ﬂiﬂ"iﬂﬂLL@UW'ﬁLﬂ%u%WL@aﬁ'J’]mLi?ﬂll’]i'ﬂ"\]‘U

AISIN 40 Alawmsdedalus fsgun 4.4

“O A

B3NN BUNVN

MEIN (1]

JUN 4.4 MsduanuTisannueundiaduifieannusiannsnduainugii 40 (nu/vu.)
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sUNaN1INAaeelaINNsIuANSITnINLEUNGAYU Speedometer GPS U

AT 30 Alawnsdadalug AU 4.5

JUT 4.5 N3dupnuiisnanueundedu Speedometer GPS Juaaansail 30 (nu./au.)

sUnan1InaaesilaInnsIuausIsnaINweUnantl Speedometer GPS U

ANIGIN 40 Alawmssedalus Asgud 4.6

40

e

\

JUT 4.6 N3upuEIInaINKeUNERTU Speedometer GPS JuAd1aLTIN 40 (Nu./A.)

4.3 ﬂ"li‘l/lﬂaa\'iﬂ'ﬁﬁlUﬂ'J']ﬂJL%'Jiﬂf\’l'lﬂﬂ'ﬁﬂﬁginaﬂﬂﬂ"lw
NSNARBITUAUSITAINATUTEIARNAN T UAIIMAEBITENININTI VAL
soarnueundinduifieannusiaunsmifisutunmsiuanudisadildainnisuszunananin
LarnadounaTinIsUszInanan wliUszInananusvesse
4.3.1 Inguszasa
1. ilenpaeunisduanudisasisnisuszaiananIn
2. WetufinnmiuSlulnawmes
4.3.2 gunsallunisnnass

1. 51@WD5INIY 1 Uasn



2. Nad Pi camera 1 ¢

3. gakUads HDMI 2 67

4. 1@ N95195 1 Ay

4.3.3 YUNDUNITNAADI

1. @eulaniieilaLAsod

2. 1 W9UADIIANDTINUNUADUNULADS

50

3. Pnasslufnuuanluasnas 31nuusinn1s RUN TUSWASUASIaUDINAe

4. NAADUANISITOLAULBUNALATUINLDAAIUSIFNITY kAT NAADUTY

AMNUEITaMENaRInTtuANuE s ldsauesInslunisussunana Juiinnaaslunisng

7 4.5 LagUUNNANRANISNABDY

5. YINANITNAADIN LARINNI1TNAADIR15 19N 4.4 Tundesigudaiainy

a Q‘
NANAININNAUNITN 4.1

NAasy

4.3.4 Nan1INnNaas

v

6. TUNNIAIN M IUNSUTEUIAHNARILUANS 1N 4.5 kazUunNAINNaNIS

A15199 4.4 m’mqmamimaaﬂms%’umm%faiamﬂmiﬂszmamam‘w

aussaffuldlaeeundndy auSaseiduldainndes %
A5 (NU./24.) M5299UAUISET (N /2aL.) A
(nwaw) | pdait | aSedt | aSedl | A | eSedt | adedt | adedl | A
1 A 3 Wit 1 2 3 iy | Ranan
25 2458 | 25.32 | 25.25 | 25.05 | 23.45 | 2593 | 25.43 | 24.94 0.44
30 30.30 | 29.40 | 32.00 | 30.57 | 32.11 | 29.73 | 29.44 | 30.43 0.46
35 34.89 | 35.60 | 35.02 | 35.17 | 33.79 | 37.65 | 34.22 | 35.22 0.14
40 39.50 | 39.70 | 41.30 | 41.07 | 42.96 | 41.86 | 41.61 | 42.14 2.37
45 4530 | 4580 | 4598 | 45.69 | 44.81 | 46.10 | 46.78 | 45.89 0.44
50 50.50 | 51.20 | 49.60 | 50.43 | 48.42 | 48.27 | 49.72 | 48.80 3.23

A1INNTNABBDINUIINITTUAIINLEITAN 35 AlALUATHOTALNAIAINURANANAL 8

=

fgnfe 0.14 Wesdud wazlunisduanussai 50 AlawmsaetalusdAinnuinnalnuin

Mo 3.23 wWesiud



A15199 4.5 A1519RaN1sNeasana1mUsknsultUsTLIana

51

ALY (NaL/a.) nanfildlunsuszanana (s)
25 0.000108
30 0.000158
35 0.000174
40 0.000188
45 0.000188
50 0.000211

1NN1SNAaRRziUlaiaIN1suNIsUsEINaNa N NAINAMMLEIsa TE UV T9EN

WNAga 0.000211 Fui ivedsdeyaialulnlnesnas

mwﬁlﬁmﬂmwmaamamoﬁ’qgﬂﬁ 4.7,4.8,4.9,4.10,4.11 uag 4.12

74 4N}
m/H

JUN 4.7 anuidasafiduldnnndewmsiaduanuga 25.43 (nu./va)




3
u

U

X
N

4.9 AnuE15aMAUlAINNABINTIATUAINIET 34.22 (N3./3L.)
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[y

JUN 4.10 A0 Rdulinnaemsiadunianss 41.86 (nu./3.)

[y

JUN 4.11 pnusisafduliannndemsiaduanuds 46.10 (nu./vu.)
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JUN 4.12 pnusasodduliannndewmsiaduninuss 48.42 (nu./3u.)

AMANTIUNTUSEIANARERINIFUN 4.13

JUN 4.13 anudanlilunisuszananaiianuda 50 nu./a.
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4.4 N3NAARITTUVANRUAMARINNTEN IWLAIAIEN1SUTEIIAREN W

JUN 4.14 N15nAaesszuUang UAMRINNSEN INLASAIBNSUTELIaNAAN

IN3UT 4.14 NM5VRRBesEUUangURLAIINNSHLHLASAIENITUTEINANAN TN AL
nssiuszuuliuauaznisuseatananmidineiulunisnaasszaualnasiasnioy

naodlAenNdItuUN 20 WnT Mg ufszesiuInsalugun 2.18 madsssglin 20 wasse

LY

PUTNITEAMLTITININNI 30 Alawassedilusasliaunsangasalaviu Mvedeuszuy

[

uazdoslrdygralivednilomisnantiludygraliuasreludn 3 Jund wisldliiie

tef

-0

URLe

4.4.1 Inguseasd
1. tienaaeusyuulosiunmsiingURinainnistiliung
2. Wlenthanailwasies

4.4.2 gunsallun1snaaag
1. gAIUANlNaTI93
2. 11357195 2 Yn
3. 1@UesINNe 1 Uasa
4. peufiawmes 1 1ses

5. Nasd Pi camera 1 ¢
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6. @18 HDMI 5 ums 1 L&y
7. Uag HDMI 2 7
4.4.3 unBUNIINAGDY
1. findagneunsliasiasiuliesias

9 9

L RURDIIAUDTINUNUADUAUNDST

)

AURDNABINUIIALUDTINIEAIEIILUAS HDMI hazane HDMI

o—

(%
Y

2
3
4. AnRINaeInas Pi camera UuLE@lNa3193
5. Wantanesauodsniouas RUN TUsunsy

6. hanalnas193 hden 10 Fundl Ilwdes 3 3wl udanad Start

7. Mnsnageusuauissavarlnivies f1Au59 32 nu/Tu. Las
43 nu. /3, 9e9as 3 A% dunalwesias waslnlawmesnin Tufinnanisnnassaslunisnd
4.6

8. TUfinNMNanISNnang

4.4.4 {an1INAaDy

M13199 4.6 ANTNHANINARDITEUUANEURMAIINNTENINKAAIBNTUTELIANAN N

ASad arusasadl | Delay W | anwidisedl | Delay I nawes
32 NIL/FN. | WA 3 AU | 43 AI/AU. | AN 3 AU 2N
1 33.38 2.65 44.21 2.79 £
2 32.35 2.72 44.87 2.78 i
3 32.07 2.78 43.36 2.86 £
Wde 32.60 2.72 44.12 2.81 —

' A o 1% 2 a | a Y
INNISNAABINUINTONTUNINYAINULSINUINADT 30 N latunseadlualussey
20 wesszuvangURtunainnisilvasanunsadumnusisawazUszanananmlaiunas
anunsomvaudyaalvesasBnildlviniiananiun 3 Juile

amiildannnisneasuanafaguil 4.15, 4.16, 4.17, 4.18, 4.19 uay 4.20
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U
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7

4.16 N15NARBITUANNSITON 43 AL/, (2)
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4.18 N15NARBITUANNSEITAN 32 AL/, (1)
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Q" 150 189 00
y A5 120 240 s
2

270" %

90
300 =

e

=%
360

32.0 AM/H

B N Man usndn

JUT 4.20 M3veapsduANEITaR 32 na/u. (3)
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maaqmﬁummL%faimnﬂmiﬂszmamamw LLﬁSﬁ?‘UNﬁﬂ?i%ﬂﬁ@ﬂi%UUﬁ@QﬁaLM@ﬂﬂﬂﬂ’ﬁ

rlnwasmenisusvatananin Jamuazeuassa wasdelauauus

5.1 d3Unan1Imaag
5.1.1 nMsveaesaindaluandygyIlngsnas
31nNN1sVnaesalIntAuANdyyIultnassfeadnd i ldiruaaivedl
351395 enisiimuaalvesinasiasausamvandu uadngning noulnsawa v
1 v aa Y v £ 4 o )
wansranuntveneadfLazdyy1lnaas Inemirdraulnsaauisaninundlnesas
warsrezIatvedlnasaslang 2 Taulnasias annnIsneasInulInIsaaa1ntaulnas1as
Taud 1 Ingnanalbilasiasdmndes (Yellow0) wagn1569nanlnasnasdden (Green0) dan
ANMURAANAIAALNAL ALY F9593a7108AIANURANAINILUINTY A LUNNTAIAA AL LN
~ o a A P a \ o
957195LAUN 2 N1Raalias1asavaes (Yellowl) ldflauianaia wein1saananluasias
AWe (Green0) TAANURANAIANINGY 2.40 Wasus Tunisdanailauluasnaslaud 2 84
AenaIINTuAIANRANaInazIInTURWlUY 91nnsnnaestuansliliuinaindaiuay
IasnasiivszavSnnlunisdanat mingldnudssimstaainuinluvsedeyataiunsaih
Taagnafiuseansnin
5.1.2 N15NNABIIUAIIULEITANLBUNALATY
N15NAa0IUANLSITRINLUNA AT UL T UNTITIE R NNAdR UL UNA LATY
2 waunaaduiiiemuszans nnldldlunismeassduainudisaisuiunisussulananIn
Tunsneasutiuldwaunaintunaasuisuiuduludsadnsoueudnidussuufanea 39370
1 [y @ a v aa < I3 d' al 1
A1SNAABINUIINITIUAIULSITNINWOUNALATUINLOAAIULSIAUISNT 40 AlaLUnTHa
Flusdiipnuianainuiniian fe 4.2 Weosidud TadlAnnuRanaintaeniin1sdumuns?
5091NWaUNALATY Speedometer GPS 7l ANAANAIANINT AAINNITTUAIS 50T
30 Alawmseatalud daranuianatn 17 wWasiiud uaenldlaunandudnieaninusa

a115NIUNIINAFRUIUAMUS IS ABUAUNSUSELaRAN N
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5.1.3 N15NAABINITIUAIANTITAAINNTUSTUIANANN
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TAnAIUANNITUTEUIANANIN

import cv2 // 15unld libraly cv2

import numpy as np // 138nld libraly numpy as np
from time import sleep // t8nlEN15MUILIAT

import time // Sunlgn1sduiinman

import RPL.GPIO as GPIO // i3enld port GPIO
GPIO.setmode(GPIO.BOARD) // \denluunves GPIO 1uwuu BORD
GPIO.setup(7, GPIO.OUT) // fitviua GPIO 7 1¥u output
largura_min=80

altura_min=80

offset=11 // ABBUNY x VoAU 11 Wi

offset2=10 // ¥ALVYLLAU X ﬁuauﬁuﬁz 10 %Y

'
=

pos1 linha=140 // Mudunsaduill Asusmis 140
L1 = 450 // \fiAanuenaduiil nedhe 450 mize
R1 = 170 // iuAnue1iduiil vneu 170 v
pos2 = 230 // dunsIEUT2 Tishuvta 230

L2 = 550 // \iupanaenaduiil vnsdhe 550 e
R2 = 180 // iiuAue1iduiil medne 180 miae
delay= 60

detec =[] // @579n50U

Speed = 0

st1 = time.time()

count =0

def pega_centro(x, y, w, h):

x1 = intlw / 2)
yl =intth / 2)
X =x + x1
cy=y+yl

return cx,cy

def Speed_Cal(time): // vaenlgflandu time
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global Speed

try:
Speed = (2.984*3600)/(time*1000)
return Speed

except ZeroDivisionError:
print('Error’)

cap = cv2.VideoCapture(0) //Unndos

subtracao = cv2.createBackgroundSubtractorMOG2() // @519uudnnsan

while True:

ret , framel = cap.read()
#framel = cv2.resize(framel, (640, 480))
tempo = float(1/delay)
sleep(tempo)
grey = cv2.cvtColor(frame1,cv2.COLOR _BGR2GRAY)
blur = cv2.GaussianBlur(grey,(3,3),5) // tUagA N
img_sub = subtracao.apply(blur)
dilat = cv2.dilate(img_sub,np.ones((5,5)))
kernel = cv2.getStructuringElement(cv2.MORPH_ELLIPSE, (5, 5))
dilatada = cv2.morphologyEx (dilat, cv2. MORPH CLOSE , kernel)
dilatada = cv2.morphologyEx (dilatada, cv2. MORPH CLOSE , kernel)
contorno,h=cv2.findContours(dilatada,cv2.RETR_TREE,cv2.CHAIN_APPROX_SIMPLE)
cv2.line(framel, (L1, posl_linha), (R1, pos1_linha), (255,127,0), 3) // a¥1adunseiil
cv2.line(framel, (L2, pos2), (R2, pos2), (0,255,0), 3) // a¥1adunsani2
for(i,c) in enumerate(contorno):

(x,y,w,h) = cv2.boundingRect(c)

validar_contorno = (w >= largura_min) and (h >= altura_min)

if not validar_contorno:

continue
cv2.rectangle(framel,(x,y),(x+w,y+h),(0,255,0),2) // a%fwﬂsamaui’mq

centro = pega_centro(x, y, w, h)
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detec.append(centro)
cv2.circle(framel, centro, 4, (0, 0,255), -1) // a%waammﬁmq
for (x,y) in detec:
if y < (pos1_linha+offset) and y>(pos1_linha -offset): // 81 y Haeni15e1#I4
151188129
count =count+1 // ¢y 1 A
st1 = time.time() // Sufiniafifauus stl
cv2.line(framel, (L1, posl linha), (R1, posl linha), (0,255,0), 3)
detec.remove((x,y))
if y<(pos2+offset2) and y>(pos2-offset2): // 611 y Up8nI1581I192401a8220
count =count+1// figAn 1 fn
st2 = time.time() // Tufinnanifiuys st2
cv2.linelframel, (L2, pos2), (R2, pos2), (0,0,255), 3)
Speed = Speed Cal(st2 - st1) // Tg#situ speed
detec.remove((x,y))
if Speed >=30 and Speed <= 90: // f1 speed fA192#INN 30 £3 90
print(Speed) // WaAIA1I speed
cv2.putText(framel, "Speed : " + str(Speed), (20, 70),
cv2.FONT HERSHEY SIMPLEX, 2, (0, 0, 255),5) // ldvunauazsiuniinisnys
cv2.imwrite('/home/pi/imageCar/img'+ str(count) + ".png',framel)//
Juninamludelnanes imageCar
GPIO.output(7,GPIO.HIGH) // T 7 10u high
time.sleep(0.1) // #1943a87 0.1 U
GPIO.output(7,GPIO.LOW) // T 7 1Ju low
count = count+1 // finAn 1 A1
else :
Speeds = Speed
cv2.imshow("Video Original" , frame1) // 1wi36le
#ev2.imshow("Detectar",dilatada)

#cv2.imshow("Detectar",dilat)



if cv2.waitKey (1) == 27:
break
cv2.destroyAllWindows()

cap.release ()

TAnAdUANNITLERAINA LCD
#include <LiquidCrystal [12C.h>
#include <Wire.h>
LiquidCrystal _12C lcd(0x27,20,4); // 1% library 12C
const int start = 11; // Useneniuwds start
constintrst = 12;
const int RMode = 13;
constintup =5;
const int down = 6;
constint GO = 7;
constint YO =8;
constintGl  =9;
constint Yl =10;
int a,o,c,d: // Usgmesuwususzaniuiud a, b, ¢, d
int startstate = 0; // UsenAbisuwds startstate Winfiugue
int resetstate = 0;
int redstate = 0;

int GOstate = 0;

int YOstate = 0;

int Glstate = 0;

int Ylstate =0;
void setup() {

pinMode(11,INPUT); // fnvualiien 11 19y input

pinMode(12,INPUT);

pinMode(13,INPUT);
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pinMode(5,INPUT);
pinMode(6,INPUT);
pinMode(7,INPUT);
pinMode(8,INPUT);
pinMode(9,INPUT);
pinMode(10,INPUT);
Serial.begin(9600);
led.init();
lcd.backlight(); // 1l lcd backlight
}
void loop() {
startstate = digitalRead(start); // 8 1UAGLUS start WnAULST startstate
if (startstate == HIGH) { lcd.clear();} // €1 startstate Wasuaausdu high 19 clear
1190 lcd
else { lcd.print("'START"); // &lllolfuans START five Lcd
lcd.setCursor(0,0); // fAunAE LA LYBILAILAL USTTIA
delay(1500); // #1aat381 1.5 U
}
resetstate = digitalRead(rst);
if (resetstate == HIGH) { lcd.clear();}
else { lcd.print("RESET");
lcd.setCursor(0,0);
delay(1500);
}
startstate = digitalRead(RMode);
if (startstate == HIGH) { lcd.clear();}
else { lcd.print("RED_MODE");
lcd.setCursor(0,0);
delay(1500);
}
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GOstate = digitalRead(7); // 81uA11NUT 7 WnAUIATIfUS Gostate
if (GOstate == HIGH) { cd.clear()} // 81 GOstate wWaswaauzidu hish T clear wihae
lcd
else { if(digitalRead(5)==LOW) // 61015 1Ju low
a=a+1;lcd.print("GREENO = "); // WinAn a wileen
lcd.print(a,DEC); // wanee a 1uiavgul0
led.print(" sec"); // Wend sec UUID
lcd.setCursor(0,0); // FAUnAENALYBILAILAL TR
}
if(digitalRead(6)==LOW){ // 1916 \Tu low
a=a-1;lcd.print("GREENO = "); // anf1 a wilaA
lcd.print(a,DEC); //uansan a 1ulavgu10
lcd.print(" sec"); // WaAs sec UUAD
cd.setCursor(0,0); // fVUARNIEUAUTBILAILAZUTIVIA
}
delay(1000);
}
YOstate = digitalRead(8);
if (YOstate == HIGH) { lcd.clear();}
else { if(digitalRead(5)==LOW)
b=b+1;lcd.print"YELLOWO = ");
lcd.print(b,DEC);
led.print(" sec”);
lcd.setCursor(0,0);
}
if(digitalRead(6)==LOW)
b=b-1;lcd.print("YELLOWO = ");
lcd. print(b,DEQ);
led.print(" sec”);
lcd.setCursor(0,0);



}
delay(1000);
}
Glstate = digitalRead(9);
if (Glstate == HIGH) { lcd.clear();}
else { if(digitalRead(5)==LOW){
c=c+1;lcd.print("GREENT = ")
lcd.print(c,DEC);
lcd.print(" sec");
lcd.setCursor(0,0);
}
if(digitalRead(6)==LOW){
c=c-1;lcd.print("GREEN1 = ");
lcd.print(c,DEQ);
lcd.print(" sec”);
lcd.setCursor(0,0);
}
delay(1000);
}
Y1state = digitalRead(10);
if (Y1state == HIGH) { lcd.clear();}
else { if(digitalRead(5)==LOW){
d=d+1;lcd.print("YELLOW1 = ");
lcd.print(d,DEC);
lcd.print(" sec");
lcd.setCursor(0,0);
}
if(digitalRead(6)==LOW)
d=d-1;lcd.print("YELLOW1 = ");
lcd.print(d,DEQ);
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lcd.print(" sec");

lcd.setCursor(0,0); }

delay(1000); } }
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JUNBUNIS LTI

1. vhmadeudani wielaweses dagui 2.1

JUT 9.1 deudan

2. neadndiianaianlided daguil v.2

5UN 9.2 msssalviles
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3. paEiativensianlnivies daguil v.3

JUN ¥.3 nsdaalilnges

4. nadyl start 1VBITUNTYINU AagUT 2.4

UM 9.4 Sumshaulegdu Start



5. MNABINTVEANTYIuUlinadu reset AIgUN 0.5

sUN .5 vgan1sinaumeal Reset

6. \Ungonalaniimouiiimes fagui v.6

UM 2.6 UnganaUaniimeuiiines
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7. A53388U IP Address Y0431aU8TINY Faguil 2.7

Mobile hotspot

QO Bussocth

Network navne DESKTOP-LROvaLG 280

Network gassword 00000000

UM 9.7 IP Address ¥04318U033NY

8. 1WAlUsunsu VNC Viewer uagiden IP 98937aU033W18 Aagu 2.8

-

o iise

JUN 9.8 LFen IP vessauesinieg



9. \UANTNA0UDITNAUBTINNEY AIFUN V.9

JUN 9.9 MihvevesnaluesIng

10. Wantieie terminal 101U run program LivelUandes 63U 2.10

;J‘U‘Ic/'i .10 run program
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EVERLIGHT
Technical Data Sheet
S mm Round White LED (T-1 3/4) Preliminary
334-15/T1C1-4WYA
Features

* Popular T-1 3/4 colorless Smm package.
* High luminous power.
* Typical chromaticity coordinates x=0.30, y=0.29

according to CIE1931.
+ Bulk, available taped on reel.
+ ESD-withstand voltage: up to 4KV
* The product itself will remain within RoHS compliant version.

Descriptions
* The series is designed for application required
high luminous intensity.
# The phosphor filled in the reflector converts the

blue emission of [nGaN chip to ideal white.

Applications
+ Outdoor Displays
+ Optical Indicators
= Backlighting
» Marker Lights

Device Selection Guide
Chip
PART NO. Lens Color
Material Emitted Color
334-15TICI4AWY A InGaMN White Water Clear
Ewverlight Electronics Co., Ltd. httphwaw.everlight.com Rew: Page: 1 of 10
Established date:3-7-2007 Established by: Amy Ma

Device Number:
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EVERLIGHT
Technical Data Sheet
5 mm Round White LED (T-1 3/4) Preliminary
334-15/T1C1-4WYA
Package Dimensions
™
=
=+l
(WD
el
™
m pa
=
+1 W0
2 o
} _ DAnade
2Cathode
: K
[ ]
.q.'
oJ
<
=
o
-
2.54

Notes:
L.All dimensions are in millimeters, and tolerance is 0.25mm except being specified.
2.Lead spacing is measured where the lead emerges from the package.
3.Protruded resin under flange is 1.5mm Max. LED.

Everlight Electronics Co., Lid. htpuwwoweverlight.com Rew: Page: 2 of 10
Device Number: Established date:3-7-2007 Established by: Amy Ma



Technical Data Sheet
S mm Round White LED (T-1 3/4) Preliminary

334-15/T1C1-4WYA
Absolute Maximum Ratings (Ta=257C)

Parameter Symbaol Rating Unit
Continuous Forward Current I 30 mi
Peak Forward Current{Duty /10 j@ 1KHZ) Irp 10K mA
Reverse Voltage Vi 5 v
Operating Temperature Togr 40 ~ +85 C
Storage Temperature Tag 40 ~ 100 C
Soldering Temperature (T=3 sec) Tsal 260+ 5 C
Power Dissipation P4 100 mW
Zener Reverse Current Iz 10 mA
Electrostatic Discharge EsSD 4K v
Everlight Electronics Co., Ltd. httptcwaaweverlight.com Rewv: Page: 3 of 10

Deviee Number: Established date:3-7-2007 Established by: Amy Ma



Technical Data Sheet

S mm Round White LED (T-1 3/4)

Preliminary

Production Designation

334-15/T1C1-] gl:l

Electro-Optical Characteristics (Ta=25C)

Color Group

L Voltage Group

Luminous Intensity Bins

334-15/T1C1-4WYA

Everlight Electronics Co., Ltd.

Device Number: Established date:3-7-2(007

Parameter Syvmbaol Condition Min Typ Max. | Units
Forward Voltage Vi Iy=20ma in mam 3.6 W
Zener Reverse Voltage Vz [z=5mA 5.2 — -nee v
Reverse Current I V=35V nenn waas 50 uh
Luminous Intensity Iy Iy=20mA 14250 een 28500 | mcd
Viewing Angle 28142 IF=20maA - 15 --- deg
X == 0.30 —ess
Chromaticity Coordinates Ir=20mA
¥ eee (.29 “ees
hitplwww.everlight.com Rev: Page: 4 of 10

Established by: Amy Ma
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Technical Data Sheet
S mm Round White LED (T-1 3/4) Preliminary
334-15/TIC1-4WYA
Luminous Intensity Combination (med at 20mA)
Rank Min Max
W 14250 18000
X 18000 22500
Y 22500 28500
*Measurement Uncertainty of Luminous Intensity: $15%
Forward Voltage Combination (V at 20mA)
Group A
Rank ] 1 2 3
Min. 2.80 3.00 3.20 340
Max. 300 3.20 3.40 3.60
*Measurement Uncertainty of Forward Voltage : 2.1V
Color Combination ( at 20mA)
Group Bins
- AO+B5+B6
Everlight Electronics Co., Lid. httptwww.everlight.com Rev: Page: 5 of 10

Device Number: Established date:3-7-2007 Established by: Amy Ma



EVERLIGHT

Technical Data Sheet
S mm Round White LED (T-1 3/4)

88

Preliminary

CIE Chromaticity Diagram

334-15/T1C1-4WYA

0494
0.4z o

040 4

02a o

0.z

034 o

032 =

0.z

ClEy

0.28
028
023 ]
pzz ]

020

0.1z

Color Ranks (IF=20mA » Ta=25C)

— T T T T T T T T T T T
048 020 D22 D24 026 029 020 032 034 026 029 040 042 0.44
CIE-%

Color Ranks CIE
AD X 0.264 0.283 (0.296 0.28
Y 0.267 0.305 0.267 0.248
Bs X (.287 0.307 0.311 (0.296
i Y (0.295 0.315 0204 0276
Re X 0.307 0.33 0.33 0.311
J ¥ 0.315 0.339 0318 0.294
*Measurement uncertainty of the color coordinates : 2001
Everlight Electronics Co., Ltd. httptwanweverlight.com Rew: Page: 6 of 10

Dievice Number:

Established date:3-7-2007

Established by: Amy Ma
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EVERLIGHT
Technical Data Sheet
5 mm Round White LED (T-1 3/4) Preliminary

334-15/T1C1-4WYA

Typical Electro-Optical Characteristics Curves

Relative Intensity vs. Wavelength Forward Current vs. Forward Voltage
10 5
Ept Iz »
- E
=
E 0& l E 15 /
£ \ 8 /
2 04 \ e 10 /
E oz \'w.j/"‘\\\ % 5 T
[
4 j N ‘/
360 400 450 500 S50 GO0 650 TO0 750 B0 %o z5 3.0 35 40 45
Wavebength(nm) Forward Vaoltage(V)
Relative Intensity vs. Forward Current Forward Current vs. Ambient Temp.
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§ 3™ <
= / E
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nmn y ~ i e 3K nn 20 40 &0 Bo 100
Forward Climant(ma) Ambient Temperature Ta("C)
Chromaticity Coordinate vs. Forward Current Relative Intensity vs. Angle Displacement
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EVERLIGHT
Technical Data Sheet
5 mm Round White LED (T-1 3/4) Preliminary

334-15/T1C1-4WYA

Packing Quantity Specification
1. 500PCS/1Bag + 5Bags/1Box
2. 10Boxes/1Carton

Label Form Specification

CPM: Customer’s Production Number
EVERLIGHT P/M: Production Number
CEN: QTY: Packing Quantity

P/N: ’ CAT: Ranks of Luminous Intensity and Forward Voltage
O 0 O B | o

334-15TIC1-4WY A REF: Reference

> ol CAT: LOT No: Lot Number

NI e, MADE IN TAIWAN: Production Place

LOTNO : ,

DRRTLNRE i R

MADE IN TAIWAN

Ewerlight Electronics Co., Lid. httpwwow.everlight.com Rew: Page: 8 of 10

Device Number: Established date:3-7-2007 Established by: Amy Ma



EVERLIGHT

Technical Data Sheet
5 mm Round White LED (T-1 3/4) Preliminary

334-15/T1C1-4WYA

Notes

1.

Above specification may be changed without notice. EVERLIGHT will reserve authority on

material change for above specification.

. When using this product, please observe the absolute maximum ratings and the instructions for

using outlined in these specification sheets. EVERLIGHT assumes no responsibility for any
damage resulting from use of the product which does not comply with the absolute maximum

ratings and the instructions included in these specification sheets.

. These specification sheets include materials protected under copyright of EVERLIGHT

corporation. Please don't reproduce or cause anyone to reproduce them without EVERLIGHT s
consent.

. Below the zener reference voltage Vz, all the current flows through LED and as the voltage rises to

Wz, the zener diode “breakdown.” If the voltage tries to rise above Vz current flows through the
zener branch to keep the voltage at exactly Vz.

. When the LED is connected using serial eircuit, if either piece of LED is no light up but current

can't flow through causing others to light down. In new design, the LED is parallel with zener

diode. if either piece of LED is no light up but current can flow through causing others to light up

i

+
Current

Current

-
X

T 42

!

Everlight Electronics Co., Ltd. hitpt:www.everlight.com Rev: Page: 9of 10
Device Number: Established date:3-7-2007 Established by: Amy Ma
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Raspberry Pi 4 Computer
Model B
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Overview

Raspberry Pi 4 Model B is the latest product in the popular Raspberry Pirange of
computers. It offers ground-breaking increases in processor speed, multimedia
performance, memory, and connectivity compared to the prior-generation
Raspberry Pi 3 Model B+, while retaining backwards compatibility and similar
power consumption. For the end user, Raspberry Pi 4 Model B provides desktop
performance comparable to entry-level x86 PC systems.

This product’s key features include a high-performance 64-bit quad-core
processor, dual-display support at resolutions up to 4K via a pair of
micro-HDMI ports, hardware video decode at up to 4Kp60, up to 4GB of RAM,
dual-band 2.4/5.0 GHz wireless LAN, Bluetooth 5.0, Gigabit Ethernet, USB 3.0,
and PoE capability (via a separate PoE HAT add-on).

The dual-band wireless LAN and Bluetooth have modular compliance certification,
allowing the board to be designed into end products with significantly reduced
compliance testing, improving both cost and time to market.
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Specification

Processor:
Memory:

Connectivity:

GPIO:

Video & sound:

Multimedia:

SD card suppaort:

Input power:

Environment:

Compliance:

Production lifetime:

Broadcom BCM2711, quad-core Cortex-A72 (ARM v8)
B4-bit SoC @ 1.5GHz

1GB, 2GB or 4GB LPDDR4
(depending on model)

2.4 GHz and 5.0 GHz IEEE 802.11b/g/n/ac wireless
LAN, Bluetooth 5.0, BLE

Gigabit Ethernet

2 x USB 3.0 ports

2 x USH 2.0 ports.

Standard 40-pin GPIO header
(fully backwards-compatible with previous boards)

2 » micro HDMI ports (up to 4Kp60 supported)
2-lane MIPI DSl display port

2-lane MIPI C5SI camera port

4-pole stereo audio and composite video port

H.265 (4Kp60 decode);
H.264 (1080p60 decode, 1080p30 encode);
OpenGL ES, 3.0 graphics

Micro SD card slot for loading operating system
and data storage

5V DC via USB-C connector (minimum 3A7)
5V DC via GPIO header (minimum 3A")
Power over Ethernet (PoE)—enabled
(requires separate PoE HAT)

Operating temperature 0—50°C

For a full list of local and regional product approvals,
please visit
https://www.raspberrypi.org/documentation/

hardware/raspberrypi/conformity. md

The Raspberry Pi 4 Mode! B will remain in production
until at least January 2026.
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Physical Specifications

WARNINGS
Thiz product should only be connected to an extarnal power supply rated at SV/3A DC or 5.1V 3ADC
minirum’. Any external powier supply used with the Respberry Pi 4 Maodel B shall comply with relevant
reguiations and standards applicable in the country of intended use.
Thiz product should be cperated in & well-ventilated erwironment and, if used inside & case, the case
ghould not be coverad.
Thiz product should be placed on a stable, flat, non-conductive surface in use and should not be
contacted by conductive items.
The connection of incompatible devices to the GRIO connection may affect compliance and result in
damage ta the unit and invalidate the waranty.
All peripherals used with this product should comply with relevant standards for the country of use
and be marked accordingly to ensure that safety and performance requirements are met These
articles inchede but are not limited to keyboards, monitors and mice when vsed in conjunction with
the Raspbery FL

»  Where peripherals are connected that do not include the cable or connector, the cable or connector
must offer edequate insulation end operation in order that the relevant performance and safety
requirements are met.

SAFETY INSTRUCTIONS

Ta avobd malfunction or damage to this product pleasze observe the following:

» Do not expose to water, malsture of place on 8 conductive surface whilst in operation.
Do not expose it to heat from any source; Raspberry Pl 4 Model B ks designed for reliable operation
at normal amblent room temperatures.
Take care whilst handling to avold mechenical or electrical damage fo the primed circuit boand
and connectors.

= Avold handling the printed circult board whilst it is powered and oaly handle by the edges to minimize the
risk of electrostatic discharge damage.
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Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560 (datasheet).
It has 54 digital input/output pins (of which 14 can be used as PWM outputs), 16 analog
inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB connection, a
power jack, an ICSP header, and a reset button. It contains everything needed to support
the microcontroller; simply connect it to a computer with a USB cable or power it with a AC-
to-DC adapter or battery to get started. The Mega is compatible with most shields designed
for the Arduino Duemilanove or Diecimila.

Schematic & Reference Design
EAGLE files: arduino-mega2560-reference-design.zip
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Schematic: arduino-mega2560-schematic, pdf

Summary

Microcontroller IATmega2560

Cperating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) , 6-20V

Digital 1/0 Pins 54 (of which 14 provide PWM output)
iAinalog Input Pins 16

DC Current per 1/O Pin |40 mA

IDC Current for 3.3V Pin 50 mA

Flash Memory 256 KB of which B KB used by bootloader
[SRAM 8 KB

[EEPROM 14 KB

Clock Speed 16 MHz

Power

The Arduino Mega can be powered via the USE connection or with an external power supply.
The power source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or
battery. The adapter can be connected by plugging a 2.1mm center-positive plug into the
board's power jack. Leads from a battery can be inserted in the Gnd and Vin pin headers of
the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than
7V, however, the 5V pin may supply less than five volts and the board may be unstable.
If using more than 12V, the voltage regulator may overheat and damage the board. The
recommended range is 7 to 12 volts.

The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to-
serial driver chip. Instead, it features the AtmegaBU2 programmed as a USB-to-serial
converter.
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The power pins are as follows:

VIN. The input voltage to the Arduino board when it's using an external power source
(as opposed to 5 volts from the USB connection or other regulated power source). You
can supply voltage through this pin, or, if supplying voltage via the power jack, access
it through this pin.

5V. The regulated power supply used to power the microcontroller and other
components on the board. This can come either from VIN via an on-board regulator,
or be supplied by USB or another regulated 5V supply.

3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is
50 mA.

GND. Ground pins.

Memory

The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for
the bootloader), 8 KB of SRAM and 4 KB of EEPROM (which can be read and written with the

EEPROM library).

Input and Output

Each of the 54 digital pins on the Mega can be used as an Input or output, using piniMode()
, digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or
receive a maximum of 40 mA and has an internal pull-up resistor (disconnected by default)
of 20-50 kOhms. In addition, some pins have specialized functions:

Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX)
and 16 (TX); Serial 3: 15 (RX) and 14 (TX). Used to receive (RX) and transmit
(TX) TTL serial data. Pins 0 and 1 are also connected to the corresponding pins of the
ATmega8U2 USB-to-TTL Serial chip.

External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 (interrupt 5),

19 (interrupt 4), 20 (interrupt 3), and 21 (interrupt 2). These pins can be
configured to trigger an interrupt on a low value, a rising or falling edge, or a change
in value. See the attachinterrupt() function for details.

PWM: O to 13. Provide 8-bit PWM ocutput with the analogWrite() function.

SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS). These pins support SP1
communication using the SPI library. The SPI pins are also broken out on the ICSP
header, which is physically compatible with the Uno, Duemilanove and Diecimila.
LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH



value, the LED is on, when the pin is LOW, it's off.

s I2C: 20 (SDA) and 21 (SCL). Support I:C {(TWI) communication using the Wire
library {documentation on the Wiring website). Note that these pins are not in the
same location as the I:C pins on the Duemilanove or Diecimila.

The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (i.e. 1024
different values). By default they measure from ground to 5 volts, though is it possible to
change the upper end of their range using the AREF pin and analogReference() function.

There are a couple of other pins on the board:

® AREF. Reference voltage for the analog inputs. Used with analogReference().
* Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset
button to shields which block the one on the board.

Communication

The Arduino Mega2560 has a number of facilities for communicating with a computer,
another Arduino, or other microcontrollers. The ATmega2560 provides four hardware UARTS
for TTL (5V) serial communication. An ATmegasuz on the board channels one of these

over USB and provides a virtual com port to software on the computer (Windows machines
will need a .inf file, but OSX and Linux machines will recognize the board as a COM port
automatically. The Arduino software includes a serial monitor which allows simple textual
data to be sent to and from the board. The RX and TX LEDs on the board will flash when
data is being transmitted via the ATmegaBU2 chip and USB connection to the computer (but
not for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Mega2560's digital
pins.

The ATmega2560 also supports I2C (TWI) and SPI communication. The Arduino software

includes a Wire library to simplify use of the 12C bus; see the documentation on the Wiring
website for details. For SPI communication, use the E_El_l_l]]_[aﬂ(_

Programming

The Arduino Mega can be programmed with the Arduino software (download). For details,
see the reference and tutorials.

The ATmega2560 on the Arduino Mega comes preburned with a bootloader that allows
you to upload new code to it without the use of an external hardware programmer. It
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You can also bypass the bootloader and program the microcontroller thmugh the ICSP (In-
Circuit Serial Programming) header; see these instructions for details.

communicates using the original STK500 protocol (reference,

Automatic (Software) Reset

Rather then requiring a physical press of the reset button before an upload, the Arduino
Mega2560 is designed in a way that allows it to be reset by software running on a
connected computer. One of the hardware flow control lines (DTR) of the ATmegaBU2 is
connected to the reset line of the ATmega2560 via a 100 nanofarad capacitor. When this
line is asserted (taken low), the reset line drops long enough to reset the chip. The Arduino
software uses this capability to allow you to upload code by simply pressing the upload
button in the Arduino environment. This means that the bootloader can have a shorter
timeout, as the lowaring of DTR can be well-coordinated with the start of the upload.

This setup has other implications. When the Mega2560 is connected to either a computer
running Mac OS X or Linux, it resets each time a connection is made to it from software (via
USB). For the following half-second or so, the bootloader is running on the Mega2560. While
it is programmed to ignore malformed data (i.e. anything besides an upload of new code),

it will intercept the first few bytes of data sent to the board after a connection is opened.

If a sketch running on the board receives one-time configuration or other data when it

first starts, make sure that the software with which it communicates waits a second after
opening the connection and before sending this data.

The MegaZ560 contains a trace that can be cut to disable the auto-reset. The pads on either
side of the trace can be soldered together to re-enable it. It's labeled "RESET-EN". You may
also be able to disable the auto-reset by connecting a 110 ohm resistor from 5V to the reset

line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Megaz560 has a resettable polyfuse that protects your computer's USB
ports from shorts and overcurrent. Although most computers provide their own internal

protection, the fuse provides an extra layer of protection. If more than 500 mA is applied to
the USB port, the fuse will automatically break the connection until the short or overload is
removed.

Physical Characteristics and Shield
Compatibility



The maximum length and width of the Mega2560 PCB are 4 and 2.1 inches respectively,
with the USB connector and power jack extending beyond the former dimension. Three
screw holes allow the board to be attached to a surface or case. Note that the distance
between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple of the 100 mil spacing
of the other pins.

The Mega2560 is designed to be compatible with most shields designed for the Uno,
Diecimila or Duemilanove. Digital pins 0 to 13 (and the adjacent AREF and GND pins),
analng inputs 0 ta 5, the power header, and 1CSP header are all in equivalent Incations.
Further the main UART (serial port) is located on the same pins (0 and 1), as are external
interrupts 0 and 1 (pins 2 and 3 respectively). SPI is available through the ICSP header on
both the Mega2560 and Duemilanove / Diecimila. Please note that I2C is not located on the
same pins on the Mega (20 and 21) as the Duemilanove / Diecimifa (analog inputs 4 and 5).
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