WugUAUISAAAIY

BAR TRACKING ROBOT

Unelen LATHENeY

Ygenay 7550400

a -1 : =t

Usyqyriinusiiludumiavasnsaneimunangasusaygiinanssuaansiudgin
awndaanssudiannseling
antumalulagnszasanandinummisainnszds

L IQ‘ L L4
WIWNYNVAYUNILVATYAUANA IINRIAYUNT



COPYRIGHT 2020

DEPARTMENT OF ENGINEERING

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
PRINCE OF CHUMPHON CAMPUS



T YA

2 a (ZS)

ﬂsmquWUﬁﬂﬂqiﬁﬂUq 2563 NungilgukazUssinana

T o

a1vBImnssuBlannsaiingd

s

anumaluladnszasunaldIAuMITAIANTEUs INUNUAYUNTUATRANANG TIInYUNT
1399 YuguduIHanIy

BAR TRACKING ROBOT

1 wanddlen wiswgnes  svialndnwr 60511058

2. welogned adssaung  svadnAnyl 60511059

219715971USnW

(WA.03.0a00 Wlugngang)



YaU3gytinus YUBUAUISHAAY

UnAnwn WEAIUINA LAYV swatindne1 60511058
Welyened 3550409 sWatnAne1 60511059
91a138iU3nEn HALAT.NEN WlUENaANG
NANgAS AMNITUAERTUIAR
#1973 Fennssudiannsetind
Unsfnen 2563
UNANED

a a

USeyarfinusatuilvetaue vusuiuisinany lneldiudsenaudidny 4 du Ao
drufintsvesasiauessny Wunhelszanananan Miwiiniugun1sinuresssuy
a9 ludueuduisinieun diuiassueidaniilela yminnnTdusses ey
] f v o ] a 1% & o Y oo aa = ¢ v ) ¢
YuguAiuing duiaundesiuway iniidunimwazinlesvalnduaidwmaludiuase
FIAUBTINY Fruduasatutanes i NTuLam eI ot eLaYauIVRIF I UEUAUNS
a ] a I3 a ¢ o ¥ o I3 o v Y
ANANY UagdIuLETUITUUTISA lNkUaLRIvLIn 12 1aad yiui v sakunnes aduseny
Wganesian1slEIU nanN1snNUENIINNITAAIAERYeAI VR TINgNINN1SARMIY LB
WuruisuN1siu ndesiunanazyimiinsunwialesealnl asiadudnlasnanliuas
wuLessanileinzinin1snsaaduingluszes 50 lwufwes wadddludvesadunemnes
Wievihmsiaumin Redie He1vdn uasngalleingegluszegtoandn 50 WwuRAS
INNINAGBINUINBULLRS TN St dlaanunsninssesvasinguasyiuduiusiv
naosIusalun1snsadudvesinguazanunsafinniuinglusses 50 WURWAT wazrgaLle
Wwedainvaele Inevusudulsinniuaiuisasessuimindaedlauinds 10 Alansuuas

anunsaldanulaluan 1 TlwanNISISALUALADS 1 AT



Project Title Bar Tracking Robot

Students Miss. Panisa Setthong ID 60511058
Mr. Piyapong Suwannaket ID 60511059
Advisor Asst.Prof. Dr. Phasapon Manosukritkul
Degree Bachelor of Engineering
Program in Electronics Engineering
Academic Year 2020
ABSTRACT

This bachelor thesis presents the Bar Tracking Robot. There are 4 main
components. The first part is the raspberry pi board which is the main processor and
controls the various systems of the bar tracking robot. The second is an ultrasonic
sensor that detects the distance between the robot and the object. The third is a
webcam camera that captures images and video in real time and sends the results to
the raspberry pi board. The fourth part is the motor driver board that drives the left
and right wheel motors of the bar tracking robot. An additional part is a 12-volt battery
charger that charges the battery with enough voltage to operate the robot. The working
principle starts with setting the HSV color value of the tracked object. Then, when the
robot works with a webcam camera that detects the preset color and an ultrasonic
sensor detects objects within 50 cm. and sends it to the motor driver board to move
forward, turn left, turn right and stop when the object is less than 50 cm.

In summary, an ultrasonic sensor can measure the distance of the object and
work in relation to a webcam to detect the color of the object, which can track the
objects within 50 centimeters and stop when it encounters an obstacle. The robot can

load objects up to 10 ke and can be used in 1 hour per battery charge 1 time.
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Y99 Aananslugun 2.1

drulseneuveniugud Usenaume 3 dauman sl

! & aa v oo v 2 ] s

1. dumsauas [Wumnalulagndufinesunisesniuududmuugudnisuseney
VUBUA LaENIIAIUANNITAROUNTBINUEUA

2. drumssus Wumealulaguiuimundiurenisiuitoyavesiusudanagunsal

Fuesnae suvieszuy Computer Vision tnedeyaiilduntduaziundsynananasde

'
[

AMALUNMITULAROUATS
3. daunsdila Wumswauszuunisdndulavesiueudidiolasudoyasinds
YR B DY) a a s = a Y o =
75333U Fadunislindnnisveimnssuneuiunesuaziinnufeitesiunalulad Al uay

F&mS Machine Learning

UM 2.1 YuguduIng



2.2 wiananaunuseasd (Slotted Angle Steel)

wanainieunUszasd [2] vie wmdnainianzg Ae wanusiuIndeudiinunsianzssu
293 (Slot) maeauwanILe” HunmsaugUlddumdnain 90 esm wazthururuIunIs
puiafoud Sulgnusrasdiiieliannsndivdnananeslivssgndldtunuldnanvans
sUuuY Sarumumuudauss Useneude azmin nadilunishesauarienay vilsiusevin
fuilumstafiuazasanluniaadoudne Sudhwiinldun fegnsldauenium Seil

Usendasunu dsanslugun 2.2

By

|
L
Y .4
i

SUN 2.2 wdnanaunusgasa

2.3 UasATIEIUBTINIY (Raspberry Pi)

=

vasATaUesang [3] Wureuiamesluuesaifien (Single Board Computer) &3

Ua3A31a@uess w1 dudauindnuin danuaiunsalunissessu ssuudfuiinis un

q

(Linux) M3endn adeu Nussgasly SD nMsadwmsunsiaunluguesn Embedded Linux

'
=

FeAUUTENBUAIYDIUDIATIAURTINIG NHALTBUADIUNTAIBUNALD I NANINIUNE A

USB, LAN, HDMI, CSI, DSI, AUDIO, % 84d gyqy1ad ATWLag GPIO (General Purpose Input

Output) dmsusafulsasusegunsaldianvsedindsisqdgunsaluasasnauesinieg 8l

AuaudRmanaliadwiealull duandlugun 2.3



- '
wiYauma GPIO

WFaIBATNLUY DSI -4 0 ) :
' < Va5 USB 2.0

adld Micro SD Card e—p l

(AN i <« 05D LAN/Internet
i (100 mbps)
dasdnalvine /
Mieroy s %49 HDMI Y84 Audino/Video
maeli +5v

wranaswuy CS|

5UN 2.3 diudsznouresuainsiauesinig

(i : http://www2.crma.ac.th/itd/Know/RBPI/index.asp)

2.3.1 aududanIamaila [4]

1. §UmuRuman Broadcom BCM2711 figuwindesan CPU, miasuszuia
NI %138 GPU waznuiaa1ugn SD RAM Tinneludiifieariu

2. ieUsEaIanana1Imie CPU Cortex-A72 Wudfey 64 Tauuu 4 unu
ANLLSY 1.5GHZ

3. MU IYAIIUD1 1GB, 2GB or 4GB LPDDR4-2400 SDRAM (depending on
model) 2.4 GHz and 5.0 GHz IEEE 802.11ac wireless, Bluetooth 5.0, BLE

4. \P3eU18AUTIE
Wosn USB 3.0 911U 2 WasH
Wasn USB 2.0 911U 2 Wase
wosnBuUNAL AT IAUBTINNY 40 fiu

lulasievidule 2 weose

O N gy g

dunesanisuansadulodilo 2 wosn

10. dunesnsrandes wuleiile 2 wase

11. Yesdyaasednsinle wastadnqiandusanesle 4 nese
12. s9afuauasLdenga

13. minanuddmsuianudeya

14. Yosdmivinglinssuasauuun 5 1dn

15.5095umalulad PoE



2.3.2 ILYBUABLUY GPIO
¢ e = | fa & a I =
U83AT1ALU03I MY d1unsaldenrenugUnsaididnynsetndlariu GPIO &4
Usenaunle UART, SPI, PWM, 12C uazduq waldlunisaiuay wazdeans nugunsal
diannsetind Fewesn GPIO Wunesndunmerdnmaunuszasdanunsaululdaulsd 21 @1
(luestu Rev.2 2GB) Feanunsafeuneiugunsaldidnnsedndlaviainvate viameiu

019 Tnesndmsuanglbidugunsaldidnvsetindsae dvisvwin 3V, 5V waznsnig a9

wanslugui 2.4

o BV poa
o SV posr
o Ground
G 14 (T
= GPID IS (RO
GPID 16 (PCM_CLK)
round
GRID IR
GRO
o
= GPIDIS
GPIO B
< GPITICET)
GRIQ 1 (055
o Ground

| W pawer -
GPI 3 [R0A] o
GO 3 (51
GG 4 [GICLEE

\ B i
GF0 10 (WDE] =
GPID Y [WISD) o
GPID 11 [SCLK] o
Ground o
GPDO 05T o

| GPO S
GPIE -

| G0 13 ()

GPID 18 (POM_FS]

G286

Qroainsd

GPID B
o G020 (POM_ M)
oGP PCM_DOUT]

o
&
& &
f )
O
L]
L)
L8
o
&8
&0
>0
LR
(=X =)
0

JU# 2.4 9aausial Uy GPIO Yasueiaaluesineluaad

(ﬁm : https://www.raspberrypi.org/documentation/usage/gpio/ )

2.4 \wuwasoani1lain (ULTRASONIC SENSORS)

wulwesdaniledla [5] Ae AdudsndaAwudguiu 20,000 Hz 1n uyuywdll
anunsalaguls Jepdudesiuyudanunsaladulafegiuseana 20 Hz auds 15 kHz usndu
dansleila ziinudiedd 20 kHz Yuld Fellaudigeauuyedluaiuisalaguldiag
AauAUddanilelinaziiosrydmis JU firmng Pesingiivnadumeanisidunaiay
anuslunisiedeunivesdaiuliegiwuaiugn demansluguin 2.5 drendnnisaziiouves

A o - v % 24 A~ A i P a

AAULAYY FlayuannsEnuliUyNasiow Jenaudsaafounlueinia AieasT 343 wes
ARIUNT Nl 250¢rwaidyalane ANNdNiusueInNddsazANEIRF U

uluanuaunisi 2.1
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1ng
V = anaisudes (343 wasreiuni)
f = Audvesrdudes (loRanaduii, Hz)

A = AUENMAAY (LIAT)

5UN 2.5 lwueidansilelia

2.4.1 KANNTSYIN9UV AN lalaAluLYes
daniludawumefiuaugeiildndudsdunsaseduiumisesinglag
AUUTENOUVDINUTULLDS é‘fumm‘tugﬂﬁ 2.6
1. frdsndudandledauazisunausanslaia
. MATUANNNTINY

2
3. AIENATYYIUUINENT
4. fUszanang

5

. fddayayrauenvinm

3.¢hddgynyn
1. @SuRfuuazdids 2 grruAuAEite wdan (dadunan)
AAudARS1THiABEN

faguiwmuie TueTuMuA .
Z ! i | | |
ZII
v

l—l—-
FeEEWT
I s ]

-

4. @szurAna 5. EEE LT
aanTneiuieas

JUN 2.6 lnezunsuneludaniledawuiges

(i : https://www.supremelines.co.th )



11

[ a

Tagdgulees azvinulay dadedygyraazdedyyrauurinalud 6o

Y]

Aaulnsalaes ieldmununisuuasdyain uaidwieldidanileliansuanigesds
wusluaesdiue Mdwazdisu Mdwzaindudsssanileda anduygralniudids
paudesnudgusedaniletineanlUidunuins uaslenfudssdaslefialunsenuiu

Toglagaiundnnisvesnduides Ae yuannsenuwiiuyuagyiow Adudsazgnasyiou

a =

NAUNNAITU pAwdsdanIleda Wedisulasuaiudssngnasiounduuiuds dasuas

wlasrauidssdansaodatududuaialiiuddawe lUdsuseuiana Avn1seuIuen

A

'
A

S2889INTLULNINAAUESWAUNI U BAZAUNIINAUDENILLUET wazdsAI A IuIdle U

O‘Lyylu ¥

I3 A1 o Y s v e
W fdsdtyeyrnudming iedsdarandvinnlulvgunsaldusioly

2.5 uawnasnInIznansa

195 AINTELanTY [6] UawwasindInTzwanse ToluausunIsTuedauluLUY
fing 4 AfenssIligannidn Wesmnuewesiihnssuansaiudussdasuduiigs (Starting

Torque) ansamuaNsns s lireudsine unlidedefeilasiadefiroudrsdudouninis

Tmneagldlunundonsisirougann o Awandlugun 2.7

JUN 2.7 wawmasluiiinssuanse

(M1 @ delay Yoenad ga5sang)

2.5.1 1A59851990090Lm a5 AN SELEn S

IAssas eI llinNTLanTsUTENOUMIY 2 durany Ao

'
1Y a 1

1. duiegiuivsenisendnamnes (Stator) Usenausie
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- wisuvselua (Frame or Yoke) fia Wulasaasianeusnfiuaadiudy
FruaLeas YutNdudunafuresauntLsaslidnantuieluiqlalvasuieas way
< d'd 1 1 v & o v < 1 & < 1 ¥ <
Jungndiusng 9 iudwssyihmemanrdevsemanununundiudugunsainssuen

5 ] < ¥ ] = 3 1 I3

- 9an (Pole) UsenNauniag 2 @IUfs wWNUYILULAA NLATUARIN
gy uinfSunsTuEIINAeUENLAYES19ELNLLWEN Berrhlninuselnlu (Torque) dau
w3 (Pole Core) ymeurumAanUN 9 NuAlgauIulsEneuiuduuisdafniuinsy

daularefvinduguldsiuiielAssusunanvesialsnesiond daudwin(Pole Shoes) 39
TaguszanAiielitaudmanuazlsmeslndindunnigaiieiiindesenadosdian Feazdl
nabAlduLsnanandwdmanandawliivaniuludlsnesuniaauaviliiiaussde
wiomaadavaddsmasunndumsibivewmesiifamyu (Torque)
1 < A . 1y 1 o I <

- UARINAUINULLNAN (Field Coil) 83 uae 50U 9 wnudIuslinan
YnadnivininnsunssuaanaeusniieasiadunsauimanifnTusazdususimant
ufan1sinduaziasuduivauiuiivwinveserwaesviliiaussdndu Auanddugui

2.8

lasaamaisines ~

\ |
LuamaWadnoud

- anzlavusinin

5UN 2.8 drulsenauvesdiuinediui

Y

(@31 : hittp/Awww.auto2drive.com/iakialsinas/)

2. drunindauiinselsnes (Roto) axdlunalneIsiuaes (Armature Winding)
MueguuLNUIManaLAes (Armature core) uazilmeuiluninaidnfinagivarsvesunain
915019935 Feludruilruiiannesagvinnuilun1sdudaduuussaua1suau (Carbon
Brushes) 71 a¢/ lusawnasiion aglvis nszudlvan uludwaainesiunaes agvilviiianisasng
auuwianuiieliiinn1sinanswasiasuiuivauuuwimanAfnanvaaInuluandeay
ilinewesuyula Mmilswesusenausie 4 deieiu

<) v o v A a s =2 I3 s
- e (Shaft) ludadms v nnouilawos ke g ALNUmEaNITIN

19895
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- WAUWENDNUADS (Armature Core) Usznautdudmlsmasunuinan
tagnsoguuuuis 1wy lvnuedluuunidifinsduanould

- Pl Lamed (Commutator) daenasunoenuuuLdud udasddl
il (mica) Ausswinsdvesreniiinnes dnshdvesouiunnesaziisosdmivldvans
ae vesmmne e fruiuanes SautuAntuunuma Wugunaumsenszuendd
wiidusiaiuudsaaiu (Carbon Brushes) tiasunsziananeteudnluswnainesuiaes
dlea$radu 6 usuwimdn neliAsmaindraasiaiudiufudunsasivdndndwdaiaan
Wt unEnndIuaFendy Ufjfisenuewas (Motor Action)

- YPAINBITUNIBS (Armature Winding) iluunanaiueglusesaasn
(Slot) TewNUBISINRBS T INTBIEINTSE VT Blng uars USRI NV aTa T %%ua@:
funmseenuuuvesilnnesintu 4 iefivglimnzauiuanusig 9 Afesns

- wssdu (Brushes) s uauiisus i uuyisd md sud uiluses
wsaflaussnpogdwuud el dud dudatud neufinmme fnaeanani a3 unseuauazds
nszualwil sewinwameedumeifuisasliiihsnmeusnde Feddueweinsudliiings
wmthitsunszuanmeuendludseasiiunweslviaaneniiaesiAousiiavilyieime s

19 fawanalugun 2.9

aunn Iviue§
unuerfuueef
[

A

70970870

naufianae ¥

Joslduanan —=—1

avamlwef—

JUN 2.9 drulszneuvesdiuiinfounviielsines

(#3111 http:/Avww.auto2drive.com/iiLalsinas/)

2.5.2 MaNN1571914U09U0n 05 IWWINssanse [7]

dadnsenaluaniuwdnluluuawasnszhaaziusoantd 2 19 A @IuNNlS

1 v 4:4' 1 I3 . . a 1 < d? a 1 = 1
e lUNvRaInaRINLlan (Field coil) agiinaunuuwsvanIunardnadiunilaasniu
wUseauAsUBULazHuAaNT A as N lUTuYRaIn 015 RS vyl AnauLLLAN T
Wi azuihawuwivaniiaeszindurasifefunuauan TRveLdunsulmanuds

2ldiN15ARA Y kRALIN1SNAIMAENISHESUAUT VN TR AAWSI0A L UBNSLULABS ViNlTiens
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anvesmyudslunsvyutuazdulumungiiodreveananidis (Fleming’s left hand rule) s

wanslugud 2.10

JUN 2.10 UanIfiAN1aNSARUNveI01511983

(i : https://ienergyguru.com/2015/11/IWinseuanss/)

=

2.6 31a

Ca

= L3

S1ad [8] \JugunsalfiuAsundsaulnilidundsnuwivaniioldlunsaega
wihdudavesreuunaliiudsuaniy lnemsteunszualiinliiuunain siuilensUanie
Wanhduiandefuainddidnnselind dsazanusairsiadluvszgnldlunmsaiuganes
Aneelusugrsdidnnselindunnang

2.6.1 daulsznauvassiad Ussnaumediudfey 2 daunande

1. d1uvevaain (Coil) mdloahnszuasimiiadisauusindnlyiili
unulavglunsevislimiduiadedu vaulagnsfuussfuainnisuendeniauiunain
Wil iflevnanaldtuussiu (Aussuiitiadiosnistususiauagsumuiiduandivun)
sniinawuwiwaniviviliunulavesiululunseydiuiunidudasony

2. druvesvihdura (Contact) vmihivileuaindirenseualwlitugunsal

neaNstues daandlugui 2.11

windudadnaiia
‘ 0

MC

wndudadniia

YAUAAIA

sUM 2.11 lassasunegluvessiad

(#i311 : http:/Awww.psptech.co.th/3iadRelayfoarls)


https://ienergyguru.com/2015/11/ไฟฟ้ากระแสตรง/
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2.6.2 ¥aNN3N9IUYRLTLAE
Swdagshalasnsdeunszualninlyiduunain leasuusadulil
Hundsuwimdn SwsuldRageniiduialcontaclsfiasufiamanisinavedldii il
muaunsaglliiugunsalsneadeivaing

2.6.3 YanaldauNInIgIY

1. 9asta NC €831131n Normal Close vangaudt Unitn vsevndslaignelu
Tumanunienhmidudansiadu Inoviluindegadidifugunsninie indeddlndig
AoaThivinaunaanlIan

2. 3n%i8 NO #o11131n Normal Open vanganudi Undda vindslaigngllv
wnmamiyniminduiaarhifntu Tnsazdegeaiidintugunsainieededdlnihiidents
muaunadada wu laslwauindentiti 9ase C gounain Common Agasaui

ounanumasdneln daanslugui 2.12

Fiael (relay)

wiindueia(confact)

10a9R(Coil) r /‘l
(8¢ '

I NO NC

5UN 2.12 adaldnuninsgiulunas

(fian : http:/www.psptech.co.th/3ladRelayRoozls)

2.7 38U 31199 (Virtual Network Computing)

< a a 1

F16ud 371185 gau13nn Virtual Network Computing [9] 10 ulusunsudsgian
Remote Control 91nAaufiamesies owmidlslusneufinnesdnindomils nieseninuas og
Client USnA3 04 Server 1¥dm§uriin1s Remote Control Aaufinnasia3adduy wazd
annsavausiulivanardemiony fusuilede viogunsaidlaansetinddue 16dn

Mg awandluguin 2.13

<

2.7.1 NSIN9IUVBIDUT IaLB

oo,

@ A a 4

PANNITYNUYRITLOUT Fares azidunisifeusarauiinasainszeslna

IngldunduazAduasalunsmuauiniosdadumsslunaeuinnesiudnvae User Support
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VNC finiunlaeniwideniu Aen1wn JAVA Fevilvidudyanusgneannisfe a1unsaldau

a a

lovunagqunannesy Megray Julasy glln Aun vseduq

Y

S A a 4

2.7.2 Uselavivaaidud 3es

Uszlovuaaldud 393 aunsavhunldlavainuanslusuled wu

—_

N135U d9lndenee A File-Transfer
NTAUNUINIUATEUE AD Text Chat
nslguUARNNIMEIONIATEWLY Ao MS Log-on

N3uaRBNILADINANE LATBIIINTD AB Multi Monitor Support Lfien

ook BN

s pusallnedmlulR Ae Auto Reconnect

U 2.13 1dud a3

(‘ﬁm : http://surawit555.myreadyweb.com/page-24996.html )

2.8 ndaauuAn (Webcam camera)

ndeuIuwAy [10] n38 Fai3eniiugin Webcam Camera Vuuamdugunsaldunad
anunsaduamad oulmassinguisaunailiusingluniissueiinesuasaiunsads
amadeubmiliussuueseviefieinudninuilsanunsadiudmisiadoulmisiviieusy
] Y = yaA ° [ VPN U aa = o v Y} s
sonin Faledenihunldiluddunnsuile Wewnsaign wazsessunisidauiuuesna

aesImela Awanslugun 2.14
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sUN 2.14 naoaIuwAL Hoco Webcam

2.8.1 Qmé’nwmwmné’aqﬁmmu Hoco Webcam Full HD 1080P 31 Computer-

Camera-Webcam-DI01-01D-Ri

1. ndagiviAusald1nauRIADs IAINazdun 2MP fnwalsininuaziden
g98n 1920x1080 W3ay 30FPS

2. amnsonuundestunazadld 85 esafionundointy

3. pelalAauvuisalmivinliduwanasnsotuiinsvasidenldunniuBuilt-in
Blaslniuladesawedlofimiioniiviglinstufindeosidamunisly 10 was

4. vawswiuid, Wede, uduiey, warviey, Android TV fitlwesn USB

5. annsalddmsunisansy, n1suszey, Intewen, n1sduuwIMIaiy, ny

(% '
U 1 P

6. v@gunaziaulifadldlasiingdity ssuuinnuladinsu Windows XP /

VISTA/ WIN 7 / WIN 8 / WIN 10 wazdu 9

2.9 sEUUALeBed (Hue Saturation Value)

syuudlovieal Jeiiufe Hue Saturation Value w3o HSV [11] {uni1siiansund
Tneld Hue Saturation wag Value @4 Hue Aarndvesdndn (wns Woauazuniiu) Feazoy
5¥W319 0 uaz 255 &1 Hue dA1viniu 0 avunudunwaziile Hue faintuiden q doy
Wasuwdaslumuanaiuesdauds 256 Tsaznduniudunsdnass uay Saturation fe
AIUTEVSYesd Feih Saturation BAVNAY 0 udERLFar I Hue Faazidudunaduusid
Saturation AWMU 255 wanednvelifiuasdvninauegias way Value ABAINATIYDNE

FeanansainlalagAiAnuiivesmuaIvedazanUsznauiu duanslugui 2.15
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SSINLHONNE

UM 2.15 szuvdievied)

(fian : https://papermore.co/2019/07/29/brightness-hue-and-saturation )

2.10 wuALmaSIU

LUAABILS [12) viefiauiiluGunidulianelugunsaifivdsuudamdsunad
Thdundanuliin wseenduwadilonvdelanmdaivad deegludielvarssuiiuay
wasuisdaduitenldlutagiu fuandluguil 2.16

P v i [~ Y o dy
LUMLADS krawUIoandulseianle sadl

' o
= v I

¢ Y] a v | o a & I {
L.ULUUATITUBU-EINTE UTeNaunl8 NaatdInsdnsinssusn Faduvlauiasidun
ussydianinslaridianinslan (Electrolyte) luwreniivihunseaddudianinsg

Aquey o191 uind a(Salt) nsan3 oa19(Alkaline)

o
a I

2. wuudamla Sawadlyiihidd ursiengs mnelinssualiifihgauasyhauldfd
pamafiundannsafulilduiueylduiuaedsuiuniniing

3. wuvdanesoonled Tilunudmafiuinisunifiognisldouuuniidanis
loaffis 3 wih wnldfulwarsaslivdiasauniwadasnunenglulneduds uddldidiogede
Uszanns 200 vinsedalug

4. wuuwesAd wadlwihuuuidldtuegrsunsvangluededldildieaduuunszay
uATIAwadLUULe ATy Taneseenludas wilseunndatufoussiuluiii e
wesAal Tusedulnfineadar 1.35-1.4 Taad drudaneseenledfusedulsiad
az 1.5 1iad

5. wuufinifauandey annsansalndlulmdldewaduien anunsavsalnlalices

N1 1,000 ASswusmasvindiwsaadoulniudies 1.25 Thad Wuidenldnuun wseldau


https://papermore.co/2019/07/29/brightness-hue-and-saturation
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[ 1%
C

Trlnueanunsauseqlle Snvsdadidminiun uasdnenseualilage JaflenldiunIesfnge

InuravatenIw uRnBldnnsating

JUN 2.16 WUALABITIUY

2.10.1 MULUAAES [13]

1. wupmedneii-nIn Uszneuseiwadvsonyvewadseididieiu 1wad
Usgneuludenguuesusiusmiausiuuinuazusuay Seusiusisuanuazauhainlangsing
yiafutudsauiu Bont uiuiu Tetanqulilu ELECTROLYTE wiofi3undn dhnsana
(Sulfuric Acid) wdatnsawauaghuiAsenfuuiusludaaiiiowdsundsnuadidu
wdsouliin wazusaziwadavanunsadieuszaliilduszunm 2 Taad duvadvasuumnnod
dauinargniud et iy wuueynsu(Series) agidtuliaduisussduiuiion 9 1y
o3 12 1ad azdesliduiuead 6 wadunsdedu wuvoynsu wumaos 24 Taad 14 12
ad Ludu

2. Maiandeuliin wiusmaeswila wHuuIn A LEAD DIOXIDE waz
usiuay Ao 1ile SPONGE LEAD gnunanguaslunsanas ussfu (Volt) wiinduiitarioans
uaziilosrULLUALABI ATUIAT NIzuaatlnaiuiilfieldsundsnuadoenundund sy
Iyt TunsdlfiSendn nmsaedseal Discharge) Fafansaluthnsamauagiadmufase
soususAesuInuazay Tasayros Wisuanmessiusmasssialinaedung

Fawlsn (Lead Sulfate) uazidlounusiaisurnuazauilasuanmlidulansaiafieadu Ao

|
[

negamlsn wunnasIaEliianImuaInULANAIINIWSIRUNTELE F9agiihlinTenanyn

Transalnnus
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2.11 ’lﬁﬁliﬂQUﬂqﬁJﬂ'ﬁ?ﬂ%ﬁlLLUﬁmaé

2993UANNIISa [14] MmihiTadaszuy Sndudesdiunadsdrglinssiiazdou
T U2993898 wsauliidn 10-30 Taad Tddmsumsauumnes 12-24 Taad Siadauin
20 wouwUs wnzdmsursanummed liiu 200 weuwys ﬁ'ﬂLLam‘LugUﬁ 2.17 LLaxgﬂﬁ

2.18

JUN 2.17 f39g19lunanIuANNISISARUAAES 12-24 Taad

(i : http://www.radio-diy.com/product)

2.11.1 N1SNI9IUI9RT
199595 UYITLUALADS LI DLSIAUVDILUALADI ANAIIULAYNNULTIAU

SUAU wAZIYYIILUE08 9 FULTIAUTDILUAMBILINTUD T IFUNATATLT 199598M8ANTS

2159

2.11.2 NIAIALTIAU
MIRIA TS UAUYISINAYYN + AT 3 Tunit ni09enTENIU HI9N

JUALNTONAATOIALNEUIN ( + ) MIDLATDINLNY ( - ) LNBAIAILIIAUTNADINIS

12-24V Storage battery in commom use

JUN 2.18 f10819393 595 ALUALADSTS

(fian - http://www.radio-diy.com/product)


http://www.radio-diy.com/product

uni 3
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1. @00 Get VNC Viewer N11139MaNU893L0UT 336393

a a

2. AaN#3U Windows eina download fsguit 3.4
VNC® Connect dsznausreVNC® Viewer uagVNC® Server

a1itnaaVNC® Viewer lldvgunsaiigaisavmsaiuquainaua asasaubinulainaaladaassV UuABNWILABTIAL
ABINITAILAN
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UM 3.4 Msfnds 30UT Ta995 asvesasauesINNY
3. wie llola Wsunsuddud 3aes Wiadni gUbl wiesalal aan
AOUNILADT
- 3 el v A 2 A a I3 A A
4. u1vesas1aues i nig Wan1sldauiidud e WWdeny iy
Preferences>Raspberry Pi Configuration>interfaces waausulsiidud 391295 210 Disable

\Ju Enable

a ¢ )

5. WUWANES update TUsWATH $ sudo apt-get update

6. furidnd LitoRndalusunsu VNC

$ sudo apt-get install realvnc-vnc-server realvnc-vnc-viewer

7. Samiviedos

8. ntundnfisuiiBud 3aes ieglefiuennsa (P Addressiudmninay lof
LEALATEINN VBsATELUeTINIY nsenlu 118uT Fane MdalneiTesnouiinmes Fegud
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VNC CONNECT 1, | ' s pbiery Y EQBGR - Saivice Mose ] ->°[:]
Comnectivity / 1 ~ curity
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» Ottwr woys o © " Gengals pakerd bod. Pasun Madl Vaery
1 Authentication
Wran prosgted, conn UBETE SNOUN STRr thaT
UNIX wtlt riera 408 pa

Tan Commmroil e ooky . Dot VNG Viewsr st gl Conemcied |

JUN 3.5 1avlefiueninsaannuesnsaiuassnieg

9. LﬁaL%'am'aué’a%ﬁwﬁﬂﬂd%a;ﬂ%’mu wazsiar1u Yo ldnusuLaIngn
ANA

10. Wswnsusuduldauls don Wswnsu Python IDE Wisvnisleuldalag
¥n1siden Thony Python IDE waardniiavinisidendandisisnisyiaudiedsuldn

Inglusunsu Python IDE for Engineer ﬁ’ﬁgﬂﬁ 3.6

43 BiveJ Java I0E
,:a nndomn > 4a) Geany
& aiknnu > 1 Greenfoot Java IDE
® »reitn » & Mathematica
[ vaoracramen » BB todereD
? plam > @ Scratch
2, o » B Scrawch 2
" w1 daa » Scratch 3
B rer
3 v sfulis
{ Sonld

sUT 3.6 WalUsunsa Python IDE

3.3.2 WSLNSUEIUVDUIULIBS0anIolia dIUVDIVDIATUNDLADI WA HIUNIS
Uszuranan mKIUNAa I uLAY

1. Janthlusunsu NEW > Save as > fwtolid bartracking.py

2. ddnlavansitandusinenldlunsdeulusunsy faguit 3.7
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from collections import deque

from imutils.video import VideoStream
import numpy as np

import argparse

import cv2

import imutils

import time

import RPi.GPIO as GPIO

sUT 3.7 gUlausnasnag ild

U dntnlavansilendusineg fall

- Iassasadeyayn Ao Import deque

nM3UsZIaNANIWIALE AB Import VideoStream

NIANAVNALIAFIEAS Ao Import numpy

NI UAIUSU AD argument Import argparse

uanIHanIEARLLUUEEalng Ao Import cv2

nsUszananagy WU unvesgy nsvyu-nausy Ae Import imutils

Tafdmsuniagnan Ae Import time

\iunenn1sldeu Ao GPIO Import RPLGPIO

3. MVUANEAA99YDIUDTA FagUN 3.8

! GPIO.setmode(GPIO.BCM)
GPI0.setwarnings(False)
GPIO.setup(14,GPI0.0UT)
GPIO0.setup(15,GPI0.0UT)

i GPIO.setup(23,GPI0.OUT)

» GPI0.setup(24,GPI0.OUT)

& GPIO.setup(2,GPIO0.OUT)
GPIO.setup(3,GPIO0.0UT)

18 GPIO.setup(26,GPI0.OUT)
19 GPIO.setup(21,GPIO.IN)

5UN 3.8 sUMsimuaneans1e|veIuesa

nguAmuanendsil GPIO 7 14, 15, 23, 24 aztduvIveINLNesde way

GPIO 71 2, 3, 20, 21 az.Jurveswuwesoanilada
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4. AMmuen1sinnuveIneniineiiuLemesaedne-vI1 Aegun 3.9

def forWard():
print(“Going Forwards")
GPIO.output(14,0)
GPIO.output(15,1)
GPIO.output(23,0)
GPIO.output(24,1)
time.sleep(0.1)

def turnRight():
print("Going Right")
GPIO.output(14,0)
GPIO.output(15,0)
GPIO.output(23,0)
GPIO.output(24,1)

time.sleep(0.1) def Stop():
print("Stopping")
gl tuentatt(): o GPIO0.output(14,0)
print(“"Going Left")| =
GPI0.output(14,0) GPIO.output(15,0)
GPIO.output(15,1) GPIO.output(23,0)
GPIO.output(23,0) GPIO.output(24,0)

GPIO.output(24,0)

time.sleep(0.1) time.sleep(0.1)

JUT 3.9 suimuansviuveneniideriiutemesaedne-1n

103U AMUUANITVINIUVRINBIADT A OEIY-VINNBVIINIT LAUMIN 1H8I9

BEIEIY KAXNITNEANITINUVBINBADTE0T18-1I1 AAINABANNTTYINIY 0 138 1 lagli

o -

time Tun1sUszunanan 0.1 3u1f A9sUA 3.10

Y

5. AMMUARMILNNA LG TEEE NIRRTy AsgURl 3.10

10bot2020 py X

25 def chkdist():|
t=0,00000001
io.output(20, 1)
time.sleep(0.00001)
io.output(20,0)

trig = 0
while (io.input(21) ==0):
trige=1
echo=0
while(io.input(21) == 1):
echo+=1

time.sleep(t)
distance = echo*343.00/2/1¢(
print (distance)
return distance
while 1:
n=chkdist()
if (n>50):

forward(1l)

5UM 3.10 sUMvuaA IR TsE RS

2103V vhmaminauarRseserfilsuesdanilednagrhnimaadu
¥nq n \ile n fsvezannnin 50 wuRLRS

6. Amuansiedeuilasuamesinduiusiueuvesdanilelauazndes
duuau Tne x Ae Tanlunnu x, n Aeszezvesing endeuivuauasadudlsazyiau
duiusiumuweisaniilaia Tunsiassezvesingie uewesasvinuilongoglussey

WINNIMT oI 50 Lwuduns iedngagluuTasudesndn 150 Avuaziiultie
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Wedngegluusnausuuinndt 350 davuasiaeiv waziiledngeagluuianuuinnimie

wiaifu 150 uagiegnimsewiniu 350 Mvuasiaumin fagui 3.11

def mapPosition (x, y):
n = chkdist()
if(x >= 150 and x <= 350):
if (n < 50):
Stop()
elif (n > 50):
forWard()

elif (x < 150):
turnLeft()
if (n < 50):
Stop()
6 elif (n > 50):
87 turnLeft()

elif (x > 350):
turnRight()
if (n < 50):
Stop()
elif (n > 50):
turnRight()

JUN 3.11 guReulumsinuvsssuresdaniilulawazndoniuway

7. AMuUAAEYRINgINdeInsIadu  lagasedieviedd Lagdunsasiladioy
waleg?l 180 AURulAAlvealegn 118 uardmdesildiovieaiegil 32 n13Asend

Y

a0

lpgazilidianuwazadeadan 10 AsgUn 3.12

greenLower = (108, 100, 100)
107 greenUpper = (128, 255, 235)
08 pts = deque(maxlen=args["buffer"])

v

|

5UN 3.12 Ui muadvesingiinaensiadu
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8. AAIVUIANTUYBINABY N9 500 Winwa faguil 3.13

121 preak
122 frame = imutils.resize(frame, width=500)

123 frame = imutils.rotate(frame, angle=0)

124 blurred = cv2.GaussianBlur(frame, (11, 11), 0)
125 hsv = cv2.cvtColor(blurred, cv2.COLOR BGR2HSV)

126

3UN 3.13 sUssAnasuveInges

3.4 NMIPANUUURUBUAUISARAY

3.4.1 N1599NUUUIATIATNYUBUAUISAAATY
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3.5 STUUTIIARUALADSS
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1. YUIAALTBILUAADST (Loudam)
TUNSYISALUARDSS AITTNSPRIENTEUARLALLIANTISAUNY SaazdmaRraLUnLAesS

aa ° Y -
FsAWIN FeaunIsh 3.1
N3ELANAITYIN = 10% X VUINAINUUALADTT (3.1)

ALY wuawesINldrasiusuduIsAna 12 Tiad 12 weulsnd
0.1 x 12 = 1.2 upuuus

= s ¥ s
F9PTV1SARENTEA 1.2 woHUUS
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ol & ¥ 1o s = el 6
wuatnas3ly drulugidewuninasivundsey asviennuquunness weudsn
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Faifu wunmesinldvomususiuriiany 12 Taadf 12 woutem
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o
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= 12 1396 x 3 wauuUs x 0.85 = 30 Ind
asURauawesies 12 1iaddd Imdsluih 30 e
3.6.2 WAUIUGATNALNDS

AIFUNITN 3.4
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4.1.1 IngUszasn
\Weveaaunmsvhauressugessanleiadorhauduiusiuuewes
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80 82.32 2.82 % 119U DSADTE-UINAUNLN
100 102.9 2.82 % 1L DTADTNU-UIIAUNLIN
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o
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4.2 MINARDINITNINTUVDINDLADS
4.2.1 IQUszash
Jdlenpaeumsvhauvssawmesidermundarnuszesvesingiinsadnlag
\gugeIdanilaila
4.2.2 Sumaun1MARD
1. farnsveeiieugeidanilefaazyhaululin Ao drazssvasinguinniy
W3OWNAU 50 LURLUAT HoLNBTLINIU WAL T8erYeYingtoundt 50 lwuRluAT Naines
Wl
2. ingelimieugeisanilada musseziidosnisinmmaaes

3. TUNNNANISNARDIAIUAIT NN 4.2

A15197 4.2 NIV INBLNDT

5282UR9Ing (LUURLUAYT) A0TULVRINBLNDT
10 weimasedns-vrment
e ueimesdodne-vamyails
50 UBLABSARTIY-UINAUNIN
80 UBLADIADTIY-VIUNAUNT
100 LBLABTARTY-VINAUNLN

IINANTNNANITNAGEIN 4.2 EBLFUYINNULDNT AUNUSAUNITIINNUVES
wuadanslelia wuil Weszaying 10-30 WUFAWRT wawmesAet euazaorIngnlle 1o

Jreying 50-100 LUFLLAT UBLNBTARTIRALABUINAUNIN

4.3 msfanudaydneald @uas Sindes fihiku)
4.3.1 Inguszasn
1. Wevageumsieuveslusunsulaessuudioviead
2. \lensraseunsinmudusiazd leud dune Andosaziihcu
4.3.2 YunBUNISNAADS
1. WasueAeveaivesdusazalulusunsunisvhauy fr’i’qgﬂﬁ 4.1
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3. JuinNan1sneassadlunis1ei 4.3

105

106 greenLower = (168, 100, 106)

107 qreenUpper = (128, 255, 255)

106 pts = deque(maxlen=args["buffer"])

109

UM 4.1 sUmsilaeuenevieaivesdusazdlulusunsunisvia

A13197 4.3 nshneudydnwald @l Avaes AUk

Judnuaidiingadu Anaveallulusunsy | n19vineuvaslusunsy
@ W T oy - momenpi/. [jFeme |
- Lower: 170, 100, 100
Auns
Upper: 190, 255, 255
, T Lower: 22, 100, 100
dwdea
Upper: 42, 255, 255
oY o Lower: 108, 100, 100
dudu
Upper: 128, 255, 255

v 6

P A O = o a A a A
I1NNTITINNINAADIN 4.3 LUDNIALDVLDAIVUDY UANWAE ADELLAN LA DY

v
a o a !

BASEUNU WU

=

1. wflensi9dudyanualduns laudaan Lower color g7 170, 100, 100
Upper color 871 190, 255, 255 WUI1NA 04T ULANIMULALTUTLATUAINITONTIITY
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# Import laus13nsuailday
from collections import deque
from imutils.video import VideoStream
import numpy as np
adlnrnans wazdete lwaidn np
import argparse
import cv2
wuuLsealng
import imutils
wnvessl Msugugy nsnausy
import time
1381

import RPi.GPIO as GPIO
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# Import laus3lasasnetoyayn
# Import lausisnsussanananIwinle

# Import laus13 numpy A1IAUIBINTS

# Import laus13n1si@sudiusu argument

# Import laus13 OpenCV uanIkafeADl
# Import laussn1sussananagy 1wy
# Import laus13 time Welddmsuniiag

# Import laus13 GPIO

# MvuAn15149uY1 GPIO LilaAUANNITHINNIUYBINBIAD TLAZAIUANNTTINGIU

YBUFUDINTIIUING
GPIO.setmode(GPIO.BCM)
GPIO.setwarnings(False)
GPIO.setup(14,GPIO.OUT)
UOLADIAD
GPIO.setup(15,GPIO.OUT)
OIGREGD)
GPIO.setup(23,GPI0.0UT)
UOLADTAD
GPIO.setup(24,GPIO.OUT)
UOLADTAD
GPIO.setup(2,GPIO.OUT)
wuLsoanilala
GPIO.setup(3,GPIO.OUT)
WU ToanIlala
GPIO.setup(20,GPIO.OUT)
WU ToanIlala
GPIO.setup(21,GPIO.IN)

dansleia

# wernlvian 14 18 output Tdaugu
# feenlvinn 15 18u Output THauey
# saenlvinn 23 18u output Tdauey
# serlvin 24 18 output Tdmugu
# saenlvin 2 18 output Taauan

# saenlvinn 318 output Taauaw

# saenlvin 20 18u Output Tdauay

# femlin 21 10U Input MAiuauwges



# MVUANIIAUANNITINUTBINBLAB TRt BUAZIBIND TN

def forward(): # AuAuLames AU
print("Going Forwards")

GPIO.output(14,0)

GPIO.output(15,1)

GPIO.output(23,0)

GPIO.output(24,1)

time.sleep(0.1)

def turnRight(): # mumumaweslideun
print("Going Right")

GPIO.output(14,0)

GPIO.output(15,0)

GPIO.output(23,0)

GPIO.output(24,1)

time.sleep(0.1)

def turnLeft(): # muauuewosiAsde
print("Going Left")

GPIO.output(14,0)

GPIO.output(15,1)

GPIO.output(23,0)

GPIO.output(24,0)

time.sleep(0.1)

def Stop(): # AIuALLaLMDsvIEn
print("Stopping")

GPIO.output(14,0)

GPIO.output(15,0)

GPIO.output(23,0)

GPIO.output(24,0)

time.sleep(0.1)

# Heddumehauressuwesdaniluda
def chkdist():
t = 0.00000001
GPIO.output(20, 1)



time.sleep(0.0000001)
GPIO.output(20, 0)
trig=0
while (GPIO.input(21) == 0):
trig +=1
echo =0
while (GPIO.input(21) == 1):
echo +=1
time.sleep(t)
distance = echo *343.00 / 2 / 100

return distance
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# HanTun1STNNUEDN ALV ING LU TUATN

def mapPosition (x, y):
n = chkdist()
Tafipdulel
if(x >= 150 and x <= 350):
Wiaiu 150 way daenin 350
if (n < 50):
Stop()
elif (n > 50):
forWard()
elif (x < 150):
turnLeft()
if (n < 50):
Stop()
elif (n >50):
turnLeft()
elif (x > 350):
turnRight()
if (n < 50):
Stop()
elif (n > 50):
turnRight()

# Toglusuaunu x, y Tuwlsunin

# NUALAED N ADASLULN WULDSDaN3N
# Woarie x Tuwsun1nuInnivse

# 1580y n Uewnin 50

# UBLMBSALNYANITVINY

# 01 n ¥1nAI1 50

# UBLABSILVINULAUNTA

# 01w x Tuslsuamdeenia 150

| 3 A o & o
# wugumﬁlgLﬂa@umLaﬂjq}"lﬂ

# 019U x TUsLATNLINAIT 350

i % A o &
H# NULUAIZLARDUNIAY IV
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# A@519N15HENIAATIZHDISNAUUALAZLENIATIZHBITNIUUA

ap = argparse.ArgumentParser()

non

ap.add_argument("-v", "--video", help="path to the (optional) video file")

ap.add_argument("-b", "--buffer", type=int, default=64, help="max buffer size")

args = vars(ap.parse_args())

v
o a

# MvueAdigauazgegavesing TnedundiAnd HSV 71 180 Huku

3

i
HSV #1 118 uasdmaasdlAd HSV 71 32 eArdmgnaziianaul0 uazaAdgegaazinun

U2n10

colorLower = (170, 100, 100) # ﬁwﬁaﬁl’ﬁqmaqﬁum 170, #Gu 108, 3
aeg 22

colorUpper = (190, 255, 255) # Anfigeanuesdung 190, dundu 128, A
AaDY 42

pts = deque(maxlen=args["buffer"])
# dlasuldenlduansdonanuil
print("[INFO] Waiting for camera to warmup...")

if not args.get("video", False):

vs = VideoStream(src=0).start()
else:
vs = cv2.VideoCapture(args|"video"])
time.sleep(2.0)
# asiviuavuinvassuuansealunissudflesealndainndewivnay
while True:
frame = vs.read()
frame = frame[1] if args.get("video", False) else frame
if frame is None:
break
frame = imutils.resize(frame, width=500) 0 # ANUAAIUNINVDINTULARIHA
frame = imutils.rotate(frame, angle=0)
blurred = cv2.GaussianBlur(frame, (11, 11), 0) # amé’ay}zymiumuﬁuaﬁaaﬂamw
hsv = cv2.cvtColor(blurred, cv2.COLOR_BGR2HSV) # iasuszuud BGR iusyuud
HSV
# afensauliinguazyaivunasnalaing

mask = cv2.inRange(hsv, colorLower, colorUpper)
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mask = cv2.erode(mask, None, iterations=2)
mask = cv2.dilate(mask, None, iterations=2)
# AunmInglusuuanug
cnts = cv2.findContours(mask.copy(),
cVv2.RETR EXTERNAL,cv2.CHAIN_ APPROX_SIMPLE)
cnts = imutils.grab_contours(cnts)
center = None
if len(cnts) > O:
¢ = max(cnts, key=cv2.contourArea)
((x, y), radius) = cv2.minEnclosingCircle(c)
M = cv2.moments(c)
center = (int(M["m10"] / M["m00"]), int(M["m01"] / M["m00"]))
if radius > 10:
cv2.circle(frame, (int(x), int(y)), int(radius),(0, 255, 255), 2)
cv2.circle(frame, center, 5, (0, 0, 255), -1)
mapPosition(int(x), int(y))
pts.appendleft(center)
for i in range(1, len(pts)):
if ptsli - 1] is None or pts[i] is None:
continue
thickness = int(np.sqrt(args["buffer"] / float(i + 1)) * 2.5)
av2.line(frame, ptsli - 1], ptslil, (0, 0, 255), thickness)

# nsuanenamsuiintivouanna

cv2.imshow("Frame", frame)

key = cv2.waitKey(1) & OxFF

if key == ord("q"): #nAAd “q” Lﬁaﬁwqumﬂ’]sﬁwmmaq
TUstngy

break

if not args.get("video", False):

vs.stop()
else:

vs.release()



cv2.destroyAllWindows()

print("[INFO] Exiting Program and cleanup stuff \n")
Stop()

GPIO.cleanup()

cv2.destroyAllWindows()

vs.stop()
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2. iNN1SaNABUasAs1dIUass e lae ldlantanmsauasuasa asluluswnsy

& o a ¢ ¥ o < X v
LU FILIDILLAININTIIADULUA ﬁ]zsﬂuﬂuqiﬂil)mﬁll

(o))

VNC Viewer
File View Help
WNCCOMNECT [19;.165.137.192

192.168.137.192

JUN . 2 Madldeulusunsudoud 3aes

913U 2. 2 1unsmuguuesavesasavesimesulusunsu s ud Janes
TnatsavisudusensiUalusunsudisud 3aned antusavdeslnonisidessenalen
npeuinneslufiuesnauessnenazinisulefinennsa (P Address) Wiievinis
Wousovasasaasswmelagluiinisaadn vinnsanasniaslefivoninse vosussaLUosa

w1e luaelulusunsuddud 3aes wWevnislieuae anduazliisld denldau

(username) Way 9aN1Y (Password) Va5 HNeYIIN1saRndU T UlUSWATY

3. Whlndenunarinnisldnuuesudusinniy

bartracking.py

;nlﬁ 2. 3 Ualwdaude bartracking.py
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31n3UT 2. 3 nsiUalnduldnde bartracking.py 1 @YIINITITUAITHIIUYDY
TUsunsuldauueudunsiney

S o = [ [ 4

4. inmsasandnngauazadgegavesdyanealdvasingnltlunisinniy

9 Y 9 v

ap.add_argument("-b", "--butTter”, type=int, detault=b4, help="max buTTter size")
7 PR

g

(170, 100, 100)
(190, 255, 255)
axlen=args["buffer"])

JUN 9. 4 MsnsAdianuasdgegauatdydnuald

greenLower
reenUpper

'
[y [ [y =

n3UN 2. 4 Junsasandnaauazadgegnvesdyanvaldvesingildlunisfinmy

o

'
o

lapdnisdenldnedunsedlanoyioad agi 180 xllA1dnanag® 170 uavAndgegnog

9 Y Y

190 vMMs3uA1syuYedlUsinsy sTumsaBLaRNaluUIAleSEalndIuan Aau1min

a1

£ = 2 oo a a1 a 1al a0 1al =
MBI VAU UUA U UITUALDULDET YN 118 uasasuﬂwaqumagw 108 uazﬂwaqaq@

'
I a o

gl 128 uazdintioszilanevien) ogil 32 uazilAddgnagi 22 uagan dqean agi 42

5. BUNSYUYaslUsuAsy Q%ﬁ‘lﬁﬁ’]ﬁi’]\‘lLLE‘IC‘NNﬁﬂ’]iﬁ’]\‘l"lﬂ“ﬂﬂ\iﬂé’a\‘itﬁjULLﬂ&I

£
YUU
, T Y v
0 & P
Stop Zoom Quit 7

GPI0.setup(24,GPI0.0UT)
GPI0.setup(2,GPI0.0UT)
GPI0.setup(3,GPI0.OUT)

Shell

)_/
( [INFO] Waiting for camera to D
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bartracking.py %

from collections import deque
2 from imutils.video import VideoStrean
import numpy as np
! import argparse
import cv2
import imutils
import time
import RPi.GPIO as GPIO

GPIO.setmode(GPIO.BCM)
GPIO.setwarnings(False)
GPIO.setup(14,GPIO0.OUT)
GPIO.setup(15,GPIO0.0UT)
4 GPIO.setup(23,GPI0.0UT)
GPIO.setup(24,GPI0.0UT)

16 GPIO.setup(2,GPI0.0OUT)

[ GPIO.setup(3,GPI0.0UT)

Shell

wo g —rergrre

| Stopping
Going Right

| Stopping
ai

oing Right
[INFO] Exiting Program and cleanup stuff
stop

|>>>
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ZGAG60FM-G(A8044)

Material Metal
Output Bearing Ball Bearing
Radial Force < 15 kof
Axial Force < 8 kgf
Spindle Pressure < 30 kgf
Radial Clearance < 0.1 mm
Axial Clearance <0.5mm

Dimensions(Unit mm):

26.0 L 66.0 4-M4X0. 7 5
\
6.0
19.0 ] AN
: D = 250
=£ 2.3 L] . L 7z o
S <r /|4 3 = i ky i
U € ®
¢ @ 4
Gear Motor-Torque Table:
Model Gear Ratio 1/6.3 1/7.9(1/9.2|1/20.7| 1/26 | 1/31 | 1/68 | 1/86 |1/101|1/225|1/335|1/745| 1/1100
No load speed (r/min) | 565 | 450 | 390 | 175 | 140 | 115 | 52 | 41 | 35 | 16 | 11 | 5 3
ZYIDR055 On load speed (r/min) | 475 | 380 | 325 | 145 | 115 | 97 | 45 | 37 | 32 | 15 | 10 | 5 3

(12V-3700R)

Rated torque (kgf.cm) BoZ] 2 Ptoml, 5.5 7 85 | 15 15 A5 20 20 25 25

No load speed (r/min) | 755 | 600 | 520 | 230 | 185 | 155 70 53 47 21 14 6 5
ZYTD-555 A
(24V-5300R) On load speed (r/min) | 640 | 510 | 440 | 195 | 155 | 130 | 64 52 44 20 14 6 5
Rated torque(kgf.cm) 2.6 3.2 4 85 | 105 | 12 15 15 15 20 20 25 25
Directions Positive+ Terminal ccw cw ccw cw ccwW

Gearbox Allowed Torque:

. L Rated Torque
Gear Ratio Stages
mm mN.m kgf.cm

1/6.3~1/9.2 315 2 980 10
1/20.7~1/31 34 3 1176 12
1/68~1/101 36.5 4 1470 15
1/225~1/335 40.5 5 1960 20
1/745~1/1100 45.7 6 2450 25

# Voltage ,power and speed will be customized
according to your requirement under allowed
dimension.
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Dimensions (mm) Standard Terminal{mm)

15041
|

;Izlr

95k 1

!
1

R TH—]
A A

Discharging Current & Discharge Duration Time

10
| > \
s
| X AR\
Z 6
: A\
L g . 5
Ve |2
§ 50 O\
PHYSICAL SPECIFICATION 2
Nominal Voltage 12V £ ®
: : 1 40°C(104°F)
Nominal Capacity (20HR) 12AH(HD) s \ 25°C( 77°F)
6 0°C( 2°F)
Length 151+ 1mm (5.95 inches) .
Width 98+ 1mm (3.86 inches) ~ r
i i o 1 1 73 2545 T4 124 249 414 58
Dlmapsiat Container Height 95+ 1mm (3.74 inches) R 4y,
rren
Total Height (with Terminal) | 101 1mm (3.98 inches) - =
= B
Weight Approx 4.05kg (8.931bs)
Discharge Characteristics (25 C,77 F)
Standard Terminal T2 or T1(standard)
o ———=—u\ A
2 —
— ™~
— =t TN NN
ELECTRICAL SPECIFICATION 1 N ‘\
10.5 \ \
120 hour rate (0.70 A)|  14AH Initial Charging Current ¢ \ | “a7a 24K 13A OTA
Rated |10howrrale (13A) | = 13AH less than3.6A Voltage $ 10 | \, s
Capacity | Shourrate (24A) | 124 Cycle | 144y~ 150V &t 25C (77F) -2 68 " 24R T 13A
1 hour rate (8.3A) | 83AH |constant- Temp. Coeficent 30mVC f
rate (216 A S4AH | ygiace =
Capacity 40°C (104°F)| 105% | o No it on Intal Charg- | &
affected by 25'C (77T°F)| 100% S ing Current Voltage
Temperature oc (3R % ¥ asve138V at 25CaTH) o] 153 K : 127924 35 602 3 : 020
Internal Fully charged battery Temp. Cosfficient - 20mV/'C - )
Resistance (25°C, 77°F ) 13m@ Dlscharg_e Time

Discharge Time (Minute)
tofinal voltage /cell
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Table 1: Release History

Release Date Description

1 28/01/2019 First release

The latest release of this document can be found at https://www.raspberrypi.org

1 Release 2
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1 Introduction

The Raspberry Pi Compute Module 3+ (CM3+) is arange of DDR2-SODIMM-mechanically-compatible
System on Modules (SoMs) containing processor, memory, eMMC Flash (on non-Lite variants) and
supporting power circuitry. These modules allow a designer to leverage the Raspberry Pi hardware and
software stack in their own custom systems and form factors. In addition these modules have extra IO
interfaces over and above what is available on the Raspberry Pi model A/B boards, opening up more
options for the designer.

The CM3+ contains a BCM2837B0 processor (as used on the Raspberry Pi 3B+), 1Gbyte LPDDR2
RAM and eMMC Flash. The CM3+ is currently available in 4 variants, CM3+/8GB, CM3+/16GB,
CM3+/32GB and CM3+ Lite, which have 8, 16 and 32 Gigabytes of eMMC Flash, or no eMMC Flash,
respectively.

The CM3+ Lite product is the same as CM3+ except the eMMC Flash is not fitted, and the SD/eMMC
interface pins are available for the user to connect their own SD/eMMC device.

Note that the CM3+ is electrically identical and, with the exception of higher CPU z-height, physically
identical to the legacy CM3 products.

CM3+ modules require a software/firmware image dated November 2018 or newer to function correctly.

5 Release 2
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2 Features

2.1 Hardware

e Low cost
e Low power
e High availability
e High reliability
— Tested over millions of Raspberry Pis Produced to date

— Module IO pins have 15 micro-inch hard gold plating over 2.5 micron Nickel

2.2 Peripherals

e 48x GPIO

e 2xI2C

e 2x SPI

e 2x UART

e 2x SD/SDIO

e I1x HDMI 1.3a

e 1x USB2 HOST/OTG

e 1x DPI (Parallel RGB Display)

e 1x NAND interface (SMI)

e 1x 4-lane CSI Camera Interface (up to 1Gbps per lane)
e 1x 2-lane CSI Camera Interface (up to 1Gbps per lane)
e 1x 4-lane DSI Display Interface (up to 1Gbps per lane)
e 1x 2-lane DSI Display Interface (up to 1Gbps per lane)

2.3 Software

o ARMVS Instruction Set
e Mature and stable Linux software stack
— Latest Linux Kernel support

— Many drivers upstreamed

Stable and well supported userland

Full availability of GPU functions using standard APIs

6 Release 2



Compute Module 3+ Datasheet
Copyright Raspberry Pi (Trading) Ltd. 2019

3 Block Diagram

200 Pin SODIMM Connector

JTAG SD_CMD, Dx

SD_CLK —"—

3V3E RUN

RUN T

=F> 3v3
v EMMC_DISABLE_N

SDX_CLK (CM3+ Lite only)

EMMC EN_N_1V8
HDMI HPD N 1V8 | 10Expander
A
VBAT » Core SMPS [«
3v3
| BV
1v8
|8
VDAC A / h 4
> TV
P TVDAC oAd
VDD _GPIO0-27 _ BCM2837B0
> GPIO
GPIO[0:27] | sANKO
VDD_GPI02845
> GPIO
GPIO[28:45] || BANK1 ; ko
A ¥ 2 Lane CSI Camera
e e, ) » 4 Lane CSI Camera
DSI DISPO )
< 2 Lane DSl Display
DS DL 4 Lane DSl Display
™ HDMI TMDS
)i CHOKES [* CLOCK & DATA 4GByte eMMC
HDMI CEC, DDC (CM3 only)
- » HDMI CEC & 12C
B = > A A A
USB2 s
U OTel SD1/0 VOLTAGE [« __ 18

CM3+eMMC I/O
Voltage fixed at
18

CM3+ Lite
SD 1/0 Voltage
supplied from
SDX_VDD

Figure 1: CM3+ Block Diagram
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4 Mechanical Specification

The CM3+ modules conform to JEDEC MO-224 mechanical specification for 200 pin DDR2 (1.8V)
SODIMM modules and therefore should work with the many DDR2 SODIMM sockets available on the
market. (Please note that the pinout of the Compute Module is not the same as a DDR2 SODIMM
module; they are not electrically compatible.)

The SODIMM form factor was chosen as a way to provide the 200 pin connections using a standard,
readily available and low cost connector compatible with low cost PCB manufacture.

The maximum component height on the underside of the Compute Module is 1.2mm.
The maximum component height on the top side of the Compute Module is 2.5mm.
The Compute Module PCB thickness is 1.0mm +/- 0.1mm.

Note that the location and arrangement of components on the Compute Module may change slightly
over time due to revisions for cost and manufacturing considerations; however, maximum component
heights and PCB thickness will be kept as specified.

Figure 2] gives the CM3+ mechanical dimensions.

67.6 =
>3)< 2x M2 MOUNTING HOLES D—{3<
[ 08 : ¥, i EEE@ &
pE8 El: En
em = LR
D | mﬂ na,i';:” “2 (
ge °8 Th ety | 31

g3 8" = mgg |2

®5 V oooo DUDIUE
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f<115.75>ﬂ-a¢— 50.85 =

DIMENSIONS IN MM

Figure 2: CM3+ Mechanical Dimensions
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5 Pin Assignments

QW3+ | CWB+lie [PIN] [PIN| W3+ | CWB+Lee

GND.
GPI00-27 VDD

GPI02345 VDD
GND

Table 2: Compute Module 3+ SODIMM Connector Pinout

Table[2) gives the Compute Module 3+ pinout and Table 3] gives the pin functions.

9 Release 2
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Pin Name DIR Voltage Ref PDN“ State  If Unused  Description/Notes

RUN and Boot Control (see text for usage guide)

RUN I 3v3t Pull High Leave open  Has internal 10k pull up
EMMC_DISABLEN I 3v3b Pull High Leave open  Has internal 10k pull up
EMMC_EN_N_1V8 (6] 1v8 Pull High Leave open  Has internal 2k2 pull up
GPIO

GPIO[27:0] /O GPIO0-27.VDD  PullorHi-Z° Leave open GPIO Bank 0

GPIO[45:28] I/0  GPIO28-45.VDD Pullor Hi-Z® Leave open GPIO Bank 1

Primary SD Interface®©

SDX.CLK (0] SDX_VDD Pull High Leave open  Primary SD interface CLK
SDX_.CMD /0 SDX_VDD Pull High Leave open  Primary SD interface CMD
SDX_Dx /O SDX_VDD Pull High Leave open  Primary SD interface DATA
USB Interface

USB_Dx /O™ - Z Leave open  Serial interface
USB_OTGID I 3v3 Tieto GND  OTG pin detect

HDMI Interface

HDMISCL Vo 3va® z! Leave open  DDC Clock (5.5V tolerant)
HDMI_SDA 1/Q Bs 30 2 Leave open  DDC Data (5.5V tolerant)
HDMICEC /0 3V3 7 Leave open  CEC (has internal 27k pull up)
HDMI_CLKx (0] - Z Leave open HDMI serial clock
HDMI_Dx (6] - Z Leave open HDMI serial data
HDMIHPD.N_1V8 1 1v8 Pull High Leave open HDMI hotplug detect

CAMO (CSI0) 2-lane Interface

CAMO_Cx I - Z Leave open  Serial clock

CAMO.Dx I = Z Leave open  Serial data

CAM!1 (CSI1) 4-lane Interface

CAMI1.Cx I - Z, Leave open  Serial clock

CAMI1 . Dx I - Z Leave open  Serial data

DSI0 (Display 0) 2-lane Interface

DSI0-Cx o - Z Leave open  Serial clock

DSI10.Dx (0] - z Leave open  Serial data

DSII (Display 1) 4-lane Interface

DSI1.Cx (6] - z Leave open  Serial clock

DSI1 Dx (6] - .4 Leave open  Serial data

TV Out

TVDAC [e] - z Leave open  Composite video DAC output
JTAG Interface

T™MS I 3V3 7A Leave open  Has internal 50k pull up
TRST.N 1f 3V3 Z Leave open  Has internal 50k pull up
TCK I 3v3 z Leave open  Has internal 50k pull up
TDI I 3V3 z Leave open  Has internal 50k pull up
TDO (0] 3V3 (0] Leave open  Has internal 50k pull up

“ The PDN column indicates power-down state (when RUN pin LOW)
b Must be driven by an open-collector driver

© GPIO have software enabled pulls which keep state over power-down
@ Only available on Lite variants

¢ The CM will always try to boot from this interface first

I Requires external pull-up resistor to SV as per HDMI spec

Table 3: Pin Functions
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6 Electrical Specification

Caution! Stresses above those listed in Table ] may cause permanent damage to the device. This is
a stress rating only; functional operation of the device under these or any other conditions above those
listed in the operational sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Symbol Parameter Minimum Maximum Unit
VBAT Core SMPS Supply -0.5 6.0 A%
3V3 3V3 Supply Voltage -0.5 4.10 A%
1V8 1V8 Supply Voltage -0.5 2.10 \%
VDAC TV DAC Supply -0.5 4.10 \%
GPIO0-27.VDD  GPIO0-27 I/O Supply Voltage -0.5 4.10 v
GPIO28-45_-VDD  GPI028-45 I/0 Supply Voltage -0.5 4.10 \%
SDX_VDD Primary SD/eMMC Supply Voltage -0.5 4.10 v

Table 4: Absolute Maximum Ratings

DC Characteristics are defined in Table[5]

11 Release 2
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Symbol Parameter Conditions Minimum Typical Maximum Unit
Vi Input low voltage® VDD_IO = 1.8V - - 0.6 A%
VDD_IO = 2.7V - - 0.8 v
VDD_IO = 3.3V - - 0.9 v
Vig Input high voltage” VDD_IO = 1.8V 1.0 - - \'%
VDD_IO =2.7V 1.3 - - v
VDD_IO = 3.3V 1.6 - - A%
I Input leakage current TA = +85°C - - 5 HA
CIN Input capacitance - - 5 - pF
Vor, Output low voltage’7 VDD_IO = 1.8V, IOL = -2mA - - 0.2 \
VDD_I0=2.7V,IOL =-2mA - - 0.15 A%
VDD_IO =33V, IOL =-2mA - - 0.14 A%
Von Output high voltage? VDD_IO = 1.8V, IOH =2mA 1.6 - - A\
VDD_I0 =2.7V,IOH=2mA 25 - - v
VDD_IO =3.3V,IOH=2mA 3.0 - - v
Ior Output low current®  VDD_IO = 1.8V, VO = 0.4V 12 - - mA
VDD_IO = 2.7V, VO = 0.4V 17 - - mA
VDD_IO = 3.3V, VO = 0.4V 18 - - mA
Ion Output high current® VDD_IO = 1.8V, VO = 1.4V 10 - - mA
VDD_IO = 2.7V, VO = 2.3V 16 - - mA
VDD_IO = 3.3V, VO = 2.3V 17 - - mA
Rpy Pullup resistor - 50 - 65 kQ
Rpp Pulldown resistor - 50 - 65 kQ

“ Hysteresis enabled
b Default drive strength (SmA)
¢ Maximum drive strength (16mA)

Table 5: DC Characteristics

AC Characteristics are defined in Table[6]and Fig. 3}

Pin Name Symbol Parameter Minimum Typical Maximum Unit

Digital outputs  #,;se 10-90% rise time® - 1.6 - ns

Digital outputs  #5q 90-10% fall time® - 14, - ns

GPCLK tjosc Oscillator-derived GPCLK - - 20 ps
cycle-cycle jitter (RMS)

GPCLK typrr,  PLL-derived GPCLK - - 48 ps

cycle-cycle jitter (RMS)
@ Default drive strength, CL = 5pF, VDD_IOx = 3.3V

Table 6: Digital I/O Pin AC Characteristics
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DIGITAL
OUTPUT

Figure 3: Digital IO Characteristics

7 Power Supplies

The Compute Module 3+ has six separate supplies that must be present and powered at all times; you
cannot leave any of them unpowered, even if a specific interface or GPIO bank is unused. The six
supplies are as follows:

1.

{55

VBAT is used to power the BCM2837 processor core. It feeds the SMPS that generates the chip

core voltage.

. 3V3 powers various BCM2837 PHYs, IO and the eMMC Flash.
. 1V8 powers various BCM2837 PHYs, IO and SDRAM.

4. VDAC powers the composite (TV-out) DAC.

5. GPIOO0-27_VREF powers the GPIO 0-27 IO bank.

6. GPI1028-45_VREF powers the GPIO 28-45 IO bank.
Supply Descripion Minimum Typical Maximum Unit
VBAT Core SMPS Supply 2.5 - 5.0+5% \%
3v3 3V3 Supply Voltage 33-5% 33 33+5% v
1V8 1V8 Supply Voltage 1.8-5% 1.8 1.8+ 5% \%
VDAC TV DAC Supply® 2.5-5% 2.8 33+5% v
GPIO0-27.VDD  GPIOO0-27 I/O Supply Voltage 1.8-5% - 33+5% \%
GPIO28-45_-VDD GPIO28-45 I/O Supply Voltage 1.8-5% - 33+5% \%
SDX_VDD Primary SD/eMMC Supply Voltage 1.8-5% - 33+5% v
@ Requires a clean 2.5-2.8V supply if TV DAC is used, else connect to 3V3

Table 7: Power Supply Operating Ranges
13 Release 2
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7.1 Supply Sequencing

Supplies should be staggered so that the highest voltage comes up first, then the remaining voltages
in descending order. This is to avoid forward biasing internal (on-chip) diodes between supplies, and
causing latch-up. Alternatively supplies can be synchronised to come up at exactly the same time as
long as at no point a lower voltage supply rail voltage exceeds a higher voltage supply rail voltage.

7.2 Power Requirements

Exact power requirements will be heavily dependent upon the individual use case. If an on-chip subsys-
tem is unused, it is usually in a low power state or completely turned off. For instance, if your application
does not use 3D graphics then a large part of the core digital logic will never turn on and need power.
This is also the case for camera and display interfaces, HDMI, USB interfaces, video encoders and
decoders, and so on.

Powerchain design is critical for stable and reliable operation of the Compute Module 3+. We strongly
recommend that designers spend time measuring and verifying power requirements for their particular
use case and application, as well as paying careful attention to power supply sequencing and maximum
supply voltage tolerance.

Table [§] specifies the recommended minimum power supply outputs required to power the Compute
Module 3+.

Supply Minimum Requirement Unit
VBAT (CM1) 2000% mw
VBAT (CM3,3L)  3500° mw
3V3 250 mA
1V8 250 mA
VDAC 25 mA
GPIO0-27.VDD  50° mA
GPIO28-45.VDD 50" mA
SDX_VDD 500 mA

% Recommended minimum. Actual power drawn is very dependent on use-case
® Each GPIO can supply up to 16mA, aggregate current per bank must not exceed 50mA

Table 8: Mimimum Power Supply Requirements

8 Booting

The eMMC Flash device on CM3+ is directly connected to the primary BCM2837 SD/eMMC interface.
These connections are not accessible on the module pins. On CM3+ Lite this SD interface is available
on the SDX_ pins.

14 Release 2
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When initially powered on, or after the RUN pin has been held low and then released, the BCM2837
will try to access the primary SD/eMMC interface. It will then look for a file called bootcode.bin on the
primary partition (which must be FAT) to start booting the system. If it cannot access the SD/eMMC
device or the boot code cannot be found, it will fall back to waiting for boot code to be written to it over
USB; in other words, its USB port is in slave mode waiting to accept boot code from a suitable host.

A USB boot tool is available on Github which allows a host PC running Linux to write the BCM2837
boot code over USB to the module. That boot code then runs and provides access to the SD/eMMC as a
USB mass storage device, which can then be read and written using the host PC. Note that a Raspberry Pi
can be used as the host machine. For those using Windows a precompiled and packeged tool is available.
For more information see here.

The Compute Module has a pin called EMMC_DISABLE_N which when shorted to GND will disable
the SD/eMMC interface (by physically disconnecting the SD_CMD pin), forcing BCM2837 to boot from
USB. Note that when the eMMC is disabled in this way, it takes a couple of seconds from powering up
for the processor to stop attempting to talk to the SD/eMMC device and fall back to booting from USB.

Note that once booted over USB, BCM2837 needs to re-enable the SD/eMMC device (by releasing
EMMC_DISABLE N) to allow access to it as mass storage. It expects to be able to do this by driving
the EMMC_EN_N_1V8 pin LOW, which at boot is initially an input with a pull up to 1V8. If an end user
wishes to add the ability to access the SD/eMMC over USB in their product, similar circuitry to that
used on the Compute Module 10 Board to enable/disable the USB boot and SD/eMMC must be used;
that is, EMMC_DISABLE.N pulled low via MOSFET(s) and released again by MOSFET, with the gate
controlled by EMMC_EN_N_1V8. Ensure you use MOSFET:s suitable for switching at 1.8V (i.e. use
a device with gate threshold voltage, Vt, suitable for 1.8V switching).

9 Peripherals

9.1 GPIO

BCM2837 has in total 54 GPIO lines in 3 separate voltage banks. All GPIO pins have at least two
alternative functions within the SoC. When not used for the alternate peripheral function, each GPIO
pin may be set as an input (optionally as an interrupt) or an output. The alternate functions are usually
peripheral I/0s, and most peripherals appear twice to allow flexibility on the choice of I/O voltage.

GPIO bank2 is used on the module to connect to the eMMC device and for an on-board 12C bus (to talk
to the core SMPS and control the special function pins). On CM3+ Lite most of bank2 is exposed to
allow a user to connect their choice of SD card or eMMC device (if required).

BankO and 1 GPIOs are available for general use. GPIO0 to GPIO27 are bankO and GPIO28-45 make
up bankl. GPIO0-27_VDD is the power supply for bankO and GP1028-45_VDD is the power supply for
bankl. SDX_VDD is the supply for bank2 on CM3+ Lite. These supplies can be in the range 1.8V-3.3V
(see Tablc[’Z[) and are not optional; each bank must be powered, even when none of the GPIOs for that
bank are used.

Note that the HDMI_HPD_N_1V8 and EMMC_EN_N_1V8 pins are 1.8V IO and are used for special
functions (HDMI hot plug detect and boot control respectively). Please do not use these pins for
any other purpose, as the software for the module will always expect these pins to have these
special functions. If they are unused please leave them unconnected.
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All GPIOs except GPIO28, 29, 44 and 45 have weak in-pad pull-ups or pull-downs enabled when the
device is powered on. It is recommended to add off-chip pulls to GPIO28, 29, 44 and 45 to make sure
they never float during power on and initial boot.

9.1.1 GPIO Alternate Functions

Default
GPIO Pull ALTO ALT1 ALT2 ALT3 ALT4 ALTS
0 High SDAO SAS PCLK - - -
1 High SCLO SA4 DE - - -
2 High SDAI SA3 LCD_VSYNC - - -
3 High SCL1 SA2 LCD_HSYNC - - -
4 High GPCLKO SAl DPI_DO - - ARM_TDI
5 High GPCLK1 SAO0 DPI.DI - - ARM_TDO
6 High GPCLK2 SOE.N DPID2 - - ARM_RTCK
7 High SPIO_.CEI.N SWE_N DPI.D3 - - -
8 High SPIO_.CEON  SDO DPI_D4 - - -
9 Low SPIO_MISO  SD1 DPI_DS5 - - -
10 Low SPIO_MOSI ~ SD2 DPI_D6 - - -
11 Low SPIO_SCLK  SD3 DPI_D7 - - -
12 Low PWMO SD4 DPI_D8 - - ARM_TMS
13 Low PWMI SD5 DPI_D9 - - ARM_TCK
14 Low TXDO SD6 DPI_D10 - - TXD1
15 Low RXDO SD7 DPI.DI11 - - RXD1
16 Low FLO SD8 DPI.D12 CTSO SPI1.CE2.N CTSI
17 Low FL1 SD9 DPI_D13 RTSO SPI1.CEI.N RTS1
18 Low PCM_CLK SD10 DPI.D14 - SPI1_.CEOLN PWMO
19 Low PCM_FS SD11 DPI_D15 - SPI1_.MISO PWMI
20 Low PCM_DIN SD12 DPI_D16 - SPI1_MOSI  GPCLKO
21 Low PCM_DOUT SDI13 DPI.D17 - SPI1_.SCLK  GPCLK1
22 Low SDO_CLK SD14 DPI.D18 SD1.CLK  ARM._TRST -
25 Low SD0_CMD SD15 DPI_D19 SDI.CMD ARMRTCK -
24 Low SDO_DATO SD16 DPI_D20 SD1I_DAT0O ARM.TDO -
25 Low SDO_DAT1 SD17 DPI_D21 SD1.DAT1 ARM._TCK -
26 Low SDO_DAT2 TEO DPI_D22 SD1_.DAT2 ARM.TDI -
27 Low SDO_DAT3 TE1 DPI_D23 SD1_DAT3 ARM_TMS -
Table 9: GPIO BankO Alternate Functions
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Default

GPIO Pull ALTO ALT1 ALT2 ALT3 ALT4 ALTS
28 None SDAO SAS PCM_CLK FLO - -

29 None SCLO SA4 PCM_FS FL1 - -

30 Low TEO SA3 PCM_DIN CTSO - CTS1
31 Low FLO SA2 PCM_DOUT RTSO - RTS1
32 Low GPCLKO SA1 RING.OCLK TXDO - TXD1
33 Low FL1 SAO0 TE1 RXDO - RXD1
34 High GPCLKO SOEN TE2 SDICLK . - -

35 High SPIO.CEI.N SWEN - SD1.CMD - -

36 High SPIO_CEO_N SDO TXDO SD1_.DATO - -

37 Low SPIO_MISO  SD1 RXDO SD1_DAT1 - -

38 Low SPIO_MOSI ~ SD2 RTSO SD1.DAT2 - -

39 Low SPIO_SCLK  SD3 CTSO SD1.DAT3 - -

40 Low PWMO SD4 - SD1.DAT4 SPI2.MISO TXD1
41 Low PWMI1 SD5 TEO SD1.DATS SPI2.MOSI = RXDlI
42 Low GPCLK1 SD6 TE1 SD1.DAT6 SPI2.SCLK RTSI
43 Low GPCLK2 SD7 TE2 SD1_DAT7 SPI2.CEON CTSI1
44 None GPCLK1 SDAO SDA1 TEO SPI2.CE1N -

45 None PWMI SCLO SCL1 TE1 SPI2.CE2N -

Table 10: GPIO Bank1 Alternate Functions

Table 0] and Table [T0] detail the default pin pull state and available alternate GPIO functions. Most of

/document and have Linux drivers available.

9.1.2 Secondary Memory Interface (SMI)

The SMI peripheral is an asynchronous NAND type bus supporting Intel mode80 type transfers at 8 or
16 bit widths and available in the ALT1 positions on GPIO banks 0 and 1 (see Table [§]and Table [T0). It
is not publicly documented in the Broadcom Peripherals Specification but a Linux driver is available in
the Raspberry Pi Github Linux repository (bcm2835_smi.c in linux/drivers/misc).

9.1.3 Display Parallel Interface (DPI)
A standard parallel RGB (DPI) interface is available on bank 0 GPIOs. This up-to-24-bit parallel inter-

face can support a secondary display. Again this interface is not documented in the Broadcom Peripher-
als Specification but documentation can be found herel
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9.14 SD/SDIO Interface

The BCM283x supports two SD card interfaces, SDO and SD1.

The first (SDO) is a proprietary Broadcom controller that does not support SDIO and is the primary
interface used to boot and talk to the eMMC or SDX _x signals.

The second interface (SD1) is standards compliant and can interface to SD, SDIO and eMMC devices;
for example on a Raspberry Pi 3 B+ it is used to talk to the on-board CYW43455 WiFi device in SDIO
mode.

Both interfaces can support speeds up to SOMHz single ended (SD High Speed Mode).

9.2 CSI (MIPI Serial Camera)

Currently the CSI interface is not openly documented and only CSI camera sensors supported by the
official Raspberry Pi firmware will work with this interface. Supported sensors are the OmniVision
OV5647 and Sony IMX219.

It is recommended to attach other cameras via USB.

9.3 DSI (MIPI Serial Display)
Currently the DSI interface is not openly documented and only DSI displays supported by the official
Raspberry Pi firmware will work with this interface.

Displays can also be added via the parallel DPI interface which is available as a GPIO alternate function
- see Table[9land Section [9.1.3]

94 USB

The BCM2837 USB port is On-The-Go (OTG) capable. If using either as a fixed slave or fixed master,
please tie the USB_OTGID pin to ground.

The USB port (Pins USB_DP and USB_DM) must be routed as 90 ohm differential PCB traces.

Note that the port is capable of being used as a true OTG port however there is no official documentation.

Some users have had success making this work.

9.5 HDMI

BCM283x supports HDMI V1.3a.

It is recommended that users follow a similar arrangement to the Compute Module 10 Board circuitry
for HDMI output.

The HDMI CK_P/N (clock) and DO-D2_P/N (data) pins must each be routed as matched length 100
ohm differential PCB traces. It is also important to make sure that each differential pair is closely phase
matched. Finally, keep HDMI traces well away from other noise sources and as short as possible.

Failure to observe these design rules is likely to result in EMC failure.
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9.6 Composite (TV Out)

The TVDAC pin can be used to output composite video (PAL or NTSC). Please route this signal away
from noise sources and use a 75 ohm PCB trace.

Note that the TV DAC is powered from the VDAC supply which must be a clean supply of 2.5-2.8V. It
is recommended users generate this supply from 3V3 using a low noise LDO.

If the TVDAC output is not used VDAC can be connected to 3V3, but it must be powered even if the
TV-out functionality is unused.

10 Thermals

The BCM2837 SoC employs DVFS (Dynamic Voltage and Frequency Scaling) on the core voltage.
When the processor is idle (low CPU utilisation), it will reduce the core frequency and voltage to reduce
current draw and heat output. When the core utilisation exceeds a certain threshold the core votlage
is increased and the core frequency is boosted to the maximum working frerquency of 1.2GHz. The
voltage and frequency are throttled back when the CPU load reduces back to an ’idle’ level OR when
the silicon temperature as mesured by the on-chip temperature sensor exceeds 80C (thermal throttling).

A designer must pay careful attention to the thermal design of products using the CM3+ so that
performance is not artificially curtailed due to the processor thermal throttling, as the Quad ARM
complex in the BCM2837 can generate significant heat output under load.

10.1 Temperature Range

The operating temperature range of the module is set by the lowest maximum and highest minimum of
any of the components used.

The eMMC and LPDDR?2 have the narrowest range, these are rated for -25 to +80 degrees Celsius.
Therefore the nominal range for the CM3+ and CM3+ Lite is -25C to +80C.

However, this range is the maximum for the silicon die; therefore, users would have to take into account
the heat generated when in use and make sure this does not cause the temperature to exceed 80 degrees
Celsius.

11 Availability

Raspberry Pi guarantee availability of CM3+ and CM3+ Lite until at least January 2026.

12 Support

For support please see the hardware documentation section of the Raspberry Pi website and post ques-
tions to the Raspberry Pi forum.
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Information contained in this publication regarding device applications and the like is intended through suggestion
only and may be superseded by updates. It is your responsibility to ensure that your application meets with your
specifications. No representation or warranty is given and no liability is assumed by Cytron Technologies
Incorporated with respect to the accuracy or use of such information or infringement of patents or other
intellectual property rights arising from such use or otherwise. Use of Cytron Technologies's products as critical
components in life support systems is not authorized except with express written approval by Cytron
Technologies. No licenses are conveyed, implicitly or otherwise, under any intellectual property rights.
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1.0 INTRODUCTION

The HC-SR04 ultrasonic sensor uses sonar to determine distance to an object like bats or dolphins
do. Tt offers excellent non-contact range detection with high accuracy and stable readings in an
easy-to-use package. From 2cm to 400 cm or 1” to 13 feet. It operation is not affected by sunlight
or black material like Sharp rangefinders are (although acoustically soft materials like cloth can be
difficult to detect). It comes complete with ultrasonic transmitter and receiver module.

Features:
e Power Supply :+5V DC
Quiescent Current : <2mA
Working Currnt: 15mA
Effectual Angle: <15°
Ranging Distance : 2cm —400 cm/1" - 13ft
Resolution : 0.3 cm
Measuring Angle: 30 degree
Trigger Input Pulse width: 10uS
Dimension: 45mm x 20mm X 15mm

Created by Cyfron Technologies Sdn. Bhd. — All Rights Reserved 3
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2.0 PACKING LIST

1. 1x HC-SR04 module

Created by Cyfron Technologies Sdn. Bhd. — All Rights Reserved T
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3.0 PRODUCT LAYOUT
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Trig = Trigger input of Sensor
Echo = Echo output of Sensor
GND = GND
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4.0 PRODUCT SPECIFICATION AND LIMITATIONS

Parameter Min Typ. Max Unit
Operating Voltage 4.50 5.0 55 A%
Quiescent Current 1.5 2 2.5 mA
Working Current 10 15 20 mA
Ultrasonic Frequency - 40 - kHz

Created by Cyfron Technologies Sdn. Bhd. — All Rights Reserved [
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5.0 OPERATION

The timing diagram of HC-SRO04 is shown. To start measurement, Trig of SR04 must receive a
pulse of high (5V) for at least 10us, this will initiate the sensor will transmit out 8 cycle of ultrasonic
burst at 40kHz and wait for the reflected ultrasonic burst. When the sensor detected ultrasonic from
receiver, it will set the Echo pin to high (5V) and delay for a period (width) which proportion to
distance. To obtain the distance, measure the width (Ton) of Echo pin.

Time = Width of Echo pulse, in uS (micro second)
e Distance in centimeters = Time / 58
e Distance in inches = Time / 148
e Or you can utilize the speed of sound, which is 340m/s

Initiate Echo back
10uS|TTL tosignal pin pulse width corresponds to distance
(about 150uS-25ms, 38ms if no obstacle)
Signal
Formula:

pulse width (uS) /58= distance (cm)

puise width (uS) /148= distance (inch)
Internal

Ultrasonic Transducer will issue 8 40kHz pulse
Note:

e Please connect the GND pin first before supplying power to VCC.
e Please make sure the surface of object to be detect should have at least 0.5 meter?
better performance.

Created by Cyfron Technologies Sdn. Bhd. — All Rights Reserved 7
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6.0 HARDWARE INTERFACE

Here is example connection for Ultrasonic Ranging module to Arduino UNO board. It can be
interface with any microcontroller with digital input such as PIC, SK40C, SK28A, SKds40A,

Arduino series.

prerraL © < ¢ M
LCD Keypad Shield s & & & %8s

ANALOG IN
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7.0 EXAMPLE CODE

This is example code Ultrasonic Ranging module. Please download the complete code at the

product page.

#include "Ultrasonic.h”

#include <LiquidCrystal.h>
LiquidCrystal lcd(8, 9, 4, 5, 6, 7):
Ultrasonic ultrasonic(l12,13);

void setup() {

led.begin(l6, 2):
lcd.setCursor(0, 0):

led.print ("HC-5R4 testing.."):
delay(1000);

wvoid loop ()

{
//lcd.clear ()2
lcd.setCursor(0, 1):
lcd.print(ultrasonic.Ranging(CHM));
led.print("cm )

delay(100);

Created by Cytron Technologies Sdn. Bhd. — All Rights Reserved 9
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8.0 WARRANTY

e Product warranty is valid for 6 months.

e Warranty only applies to manufacturing defect.

e Damaged caused by miss-use is not covered under warranty
e Warranty does not cover freight cost for both ways.

Prepared by
Cytron Technologies Sdn. Bhd.
19, Jalan Kebudayaan 1A,
Taman Universiti,
81300 Skudai,
Johor, Malaysia.

Tel:  +607-521 3178
Fax: +607-521 1861

URL: www.cytron.com.my
Email: support@cytron.com.my
sales@cytron.com.my
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