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ABSTRACT

Self-driving car model is a project that we aim to build a car with
camera module and embedded controller to let the car to navigate and drive
automatically. The Radio-controlled car (RC Car) model was modified to equip with
Raspberry Pi board, camera ‘module and ultrasonic sensor. The driving road
environment was modeled by painting in curve line and straight line on the road.
We also installed a traffic light on the junction of the road. In order to self-driving,
an image processing was played as an important role to read the marking sign and
process with the program called OpenCV. The result of image processing would
control DC motor to vary the speed and fine turn the wheel to the correct
direction. With the knowledge that we obtained along with this project, we would

like to share and can hopefully benefit to others.
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doyqyrns PWM  Duty cycle tipy uawmainszuanseaziianuialunisvyuaatiosas

2.4 N157119IUV DAY IIUBLADSNSLLENTS

Tumsmuauiiananisideuiivassadedu 1aziwesluemednsuanse
(DC Servo Motor) [8] anldlumiseuru weshusimesnszuansaluemessiaviiile
rdsnuvdessrndnluuddu sstliiueweifegaelummludiumlsesmiliadils
Leead1gnend ghensldnsmvauuuoundy (Feedback Control)

MsmUANLULTBUNEY fD SYUUMUALTINNTIRf e FnRYe ST UL
WisuiflaufiusBun ieemuatiazdfuusslia e vinmuesszuuidivintunielndifes
AufuABune

Tuitd] veldonweilamamesnseianssuuduad weslewas

2.4.1 dqudsgnaunrguan
1) Case flo fafviSanseuvaeslueInes
2) Mounting Tab Ag diudaduseniiueeslaeinesiuiunu
3) Output Shaft fia INaldenIa9
4) Servo Horns e dauiifeurefumerdesdaioadranaln
5) Cable * A meidoudeifiadnslwil uazaunuweilnemnes
Usznaulieanaln 3 &y uiandussdianuaniuasnly Sl
- anglwduns Ao IWidea (4.8 - 6 Taad)
- enefhana e NI
- edndes A aedsdyauadaiuny (3 - 5 Lias)

6) Connector fa InLtaNsDa 8 lY
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Output shaft

Connector

Servo horn

r
4+

Mounting tabs
= \ ¢
5UN 2.7 drudsenouneuantesaesliuemes [8]

2.4.2 daudsenauniety
1) Motor %38 fuaiwas
2) Gear Train fig YALRETVAKSS

e < o 5 1 ‘J 1
3) Position sensor MA@ L%‘LIL“ﬁ@‘%ﬁi?ﬂ’ﬂ‘l_lﬁ%mu%‘waﬁﬂﬂ?’EN?HQLL!ﬂ'Ti

3 - i =
4) Electronic control system A8 &IUNAIVALLAZUTENIANE

UM 2.8 drudsgneuneluvesigesliuawmes [8]
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2.4.3 NANN1TNNIUVDUYDI UMDY

Servo Motor Electronic Servo Motor
Motor Gear Train
Input Control System Input

Y

Position Sensor

‘Uﬁ 2.9 vdenlaegunsunsvauvessesliueimes

n13viuveteeilinemeizgnAuANlngdy g 1uwadndnediuinig

as = = o o o e n’j o IS 14
GEEGRITEIYRINIGIN I@&mamzymwaamnmmuu %Lﬂuaty,aﬁmmma@ammﬂ’amm’m

U

v € ’ : ol 9 o eal W
wWad (Pulse Width Modulation : PWM) YUANUNINYBINEANILANATIINY

< 1 s s L s N
Wedngdyyraiadidiundueailagomasuas 1995A7URY (Electronic

control system) Melugasluainesaziiniseutazdszananafinimninevesdyniu

v e 41 s o v 1 & INE: )

Wadndaudhuiieudarntumiinisesrnianedns kiranntuasdimdsluiimsaiuauly

a - & o o I n‘.: = 2 ¥ o 1 al s 4

uainesnywadeunlUEwwmlsiuY laadisuigesnsiadumunisfineeinaAyuve
‘A o s

Y al o 1 a < v
waLne3NAAWMLN wdataunduunlinasmunuSsuiivuiuadunaiealuaulile

G]’1LL‘Viﬂﬁ“ﬂEﬂ@ﬂﬂWSBUWQQﬂWBQLtﬁSLLﬁUgW

Receiver

JUUL
2 JUUL
ws UL

-
,_.,.T CH1

RC Remote

JU# 2.10 nmsdedygyraianilunpeulnsaluduveslvenes (8]

[
= = tasr 1 2/ ar w €

NUWIDRIAIL LY UAIAIINNTINYBIdyIad Felagdiunnndray

oo
[ u qa <4

rmwaaammmwaaw’tf*ﬂumaﬂmama‘s%aa“ﬁuﬂm 1 - 2 1ad3u1% %39 0.5 - 2.5

@@

Hadiuv
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) ' | o 1 Y o w v a aa -
aNMBENYU nAMUAAIANN e aNad T 1 SadTund 1wesla
s v o v W o i v ) Y] vl
vawmesaevyulunsenegigaugn lumenauiumnivuaaunNvesdy g aadlin

as

2 §adiunil woshwawaiazuyuludiunuavinan uavInAmuarIAINnINeYes
&y

s val a aa < £ ia o 1 = =l
w’]mWﬁ?ﬂ,’JW 1.5 4agium L%@ﬂ?ﬁﬂL@@iﬂﬁlSﬂﬁJ‘uuqﬂgwmLLVIUQ@“S\‘]ﬂQﬂaN‘Wﬂﬂ

o

1 ms 1.5 ms 2ms

il gi= Nl

o 1 & < i v YA
JUN 2.11 yushe vesivumeihuaineiidaiaeudinuninvesiad [8]

fauuasanruAeIAINITLuTateslwawasalaunsiisuAl 1Yy
& 8 =J o 5 [ L) [ 1 LY
woslwewasausavyuls 180 adm Tneft 0 eamldrranuninsvesdyuiadivindu

- =l A 1 s L7 1 at -y =l
1000 lulAsAuadt 9 180 sealdaianundtsesdnaiadvinnu 2000 lulasiuni

& | oA < i1 2/ ot & .Y (2000'—1000)
wsrasdumtludeuly 1 sseazlarnaiiuninavesdyaiuiadas iy 4 | T

winiu 5.55 lulasTuni
AINNTUIATAIUNTVBIFY Y IUNSANYL 1 MDA MINABIAMUALA
(2 g o 1 1 e/ u ¢ v 2
Wwoslwomasngulunyn 45 - aem1aEnIAIAIENTNvsHy I aaddoIn15lARIN
5.55x 45 wirifu 249.75 Tulasiund winga 0 a3ris13uiiA1A1un 3190 edy e d
Windu 1 Jadiuidi 301000 lulasiundl iwsizariduAinNnieuesdy 1 aunadnls
Amualiiweshuowmesuyulua 45  asen Ao 1000+249.75 - wiriuuszann 1250

Tulasiundi
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1.250 ms

= v s °
JUN 2.12 amwduvuresiweshweinaiiiiouyuyingy 45 8 [8]

2.5 9ans1lwiia (Ultrasonic)

v & a =t d a da < a 1 al « v
aandledalo] gty AduFInlamdguRun Iy eyl azaunTala
gula lnemluaiyeeuyudlauwasryladudosgsdanoualszain 15 flagsnd dau
a Y e 1w w a = o - I | | 1 af a ¢
Tnguniudn Avindaninleladwinvanefnaudediiiniengind 20 Aladsadvuly ag
= = 'Y o as v < o A S - v V& <
geuautarlalilessudndaenly awvgiminernfugudanidlafiagnfingeinlunay
aaa o @ =3 - = @/ o v
niifiene Minansafiseaudsdludadmnenaesnislalaeaigas
s a o v s v P I P o |
sansletinduiges vnnulealdudnnisasviouraindudssndauiolugag

vanileila lneidadeninarenisnsiadulioledmenu ¢ Jaduhe

2.5.1 ANUYIIAAURAZNININIZAI8AAY (Wavelength and Radiation)

AnmSalunasiiuniusemduiuiiuegivainuduazatenirauy Inoadu

" oa & i g 1l 8 I_a al 1o o A o & v 1
uswdnIniduaelianmg1eg 3 x 107 wesdodunil widmivpauidsiy wginiives
aduwimdninimn lnganmesiininuiiegiivssann 364 wnsAeiundl figamgll 20
pyriwadea laefionedusesgam)inuieninigumgiiinadenisidunisvesni wides
Ae Inefinuieng danuenieduazdu faunganuinasiinvazidealunisingn

° = 1 1:1 = a U i/ 1 o QI dy
LHENTAENITNTAUANANININIIEINAMUDELDYAEN ausndnAlaldugINEIY

2.5.2 nsasviauvasAay (Reflection)

]
=

Wunswaienisnsrsdunmsivieldfvesingiignaduasiieunduu dmsu

9 Y

[ =i

A g [ 1 < 2/ 1% < - <
WU UVDULTY LYY LVAAN 11] ‘LJ”LJ L3 8N WINIEATY %ummmmsdlummwaumau

q
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2 ]
<4 ] ]

100% sty Msnsaaduinguszinnifadusoshwdmiunsldsaniledadugesiunis

[ '
b5 s =l

A5293U wRd MU 418 vuded wieloumdu ennierldiduwasuseinniilunisnsiadu
1 =l - A é - C"’J 1] ] al L7 ﬂll’ dldﬂg} Aq 1
w31zIdinnsgandundy Feeziintuegussy dun1snsiadudunundnunivuinlng

wazldiSeu

2.5.3 wansgnuneauaungil (Effects of Temperature)
Tunisldnuiduresinssoemnuudandlodaduns A1398ApINa1TUN
| ) aaal 1 o = I3 o < P al
Fowansznunsiugamalinddensitnuveaduges Insgunginiudsuudasluaedl
c 8 v & - = d o = 9 = a W
navnlianuisHlunisieaauivesndudssdasuwiaslunie Feaunsaasuielaainaunis
ANUAT
c=331.5+0.607t  (lUASHDIWIN) (2.3)

al P - a =
o ¢ Ap AanusTlunsieasuivea i

a a d. o
¢ Ao Aguugi vz (TC)

a 4 4 PR ) < < o &
arusalumsiafeunvasfesiuazasuudasiiogungiifiimaiounyas

& W v a ¢ [Ny o A v W [ ] a4 v
ﬂﬂ@afﬂiﬁli‘ﬁu{ﬂL%uLﬁ@?uqulﬁﬁwaﬂﬂ'ﬁﬂqiagwau‘ﬂaﬁﬂﬁULﬂaﬁﬂU?WQ LA IAIAILIAT W90

4 a | d w o o A0 ONA -
Anusindwdsdldniudl ervinlinisieaaiteuraineaaule
o ;
2.5.4 n15aANauYBIAaL (Attenuation)

grunsniinulaynuan Yuegivantdzwinted Sauteuilnuagiuiavesing

:g! ] - @t 2/ = 2/ = 4 =
Fensdndusaniledauvuidunssluluenie ssiinisaaneuiitinainssegnislunis
= =i = = @ & & W oy v &a
indeuiivesnaudes uenanilasiadbardnuazrestiunu wieingiinein1snsiaduid
Ha W Jagiiuialas azvhlvinisagviounduvesndulinuunsgannsyaeenaen1Tvinay

994/15U ¥IDIAANITYANAUARUAINTUIIU UOAANRANATNITIUA T NaRDNITAAN DU

wuii lngenudgeraviiliiinnisaaveulaunnndtanuiim
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2.6 W30 (Thread)

WIn[11] ﬁ'awﬂfmn’:%ﬁmm&f@ﬂﬁ@aﬁi’iu‘lﬂwaja (Process) {NSWUINSNEINT
melulusiwariu Undluswadiil 1 wseeziSeninduiamse (Single Thread) defnmuly
seuudfuanmsadeneu uwath 1 Wswaiivatamnazsoninfafimsa (Multithread)

winpaTiFesdlings AoiefsorAruaninsavesmiieUssnananateenui
Wauslevdagn laswmsaudaziaveslusigaifisanuasyinanuunnaieiy wiazinay

A v a 1 o 1 2/ 2 | GJ
LﬂEJ'J‘EJGQHUUTQQUWQLLatﬁBQWNWNQQﬂ?ﬂi@ﬁﬂ?ﬂtﬂﬂﬁ@ﬂLWEJ'J U

2.6.1 aapUsznaunieluwmse

- Threads 1D Aeveaunsafiaglulusiga

A e ow A = | Y [ o @ w
- Counter AamtuinafnmuAmdinanaidunasiduainudaly

Y

4 -l 1 o 1= I a o s
- Register ﬂ@ﬁU')EJﬂTTiJ'ﬂ']LﬂUﬂ”IWTJLLU?V?WN’IUBQ“LU{]"U‘QUU

- Stack AsnsuAvysEIRnIsYiaY

2.6.2 Usylgvilvasiafinee

as

1) WiFeinsivuiiinissevaussiulld fafmsatioanuas
tasiun1ssentsvinauauaulusiesd

2) Uszndonasldmiasmusilunisynueeddsies fewinudas
wisadnsldvulsaudesUswasINiuy

3) Usgaruasnignismianusazlansnennsvesdusiwasiunule
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2.7 N5UszNIaNanIn (Image Processing)

AIneaduLua (Digital Image) [12,13,14] ﬁamwALduaaﬂuiﬂLLuumaaﬁﬁmaa

U

=laa

amisimeadiuglearemimlududunmludnuaraudd Ae fHfvesanuning ey
#77 WALANUENTSOANEN daumwdwmﬁuﬁ’uagﬂ,uimﬁﬂﬁw?am%aaﬂauﬁqLmaiﬁfu WJu
n1sudasnmainaufifunduasddif Inenisuvasdygralnirlusiuuuueuzdeon
sndaegradu Tundesidle Wuweinoglundesnsyhmsawnuvdetarasiumudunasd
a9 lumuuwaaunuilFendt mawesauny (Raster Scan) nsaunuuuuiiaeiifianis
31nvuatdsLarandellear amdldainnasaunudy ssduninuuuseLiio
(Continuous) #eanuEaalufl 24 awdaiund Wuigaruilueissfunmislefaedu
amitlsunaniedssdienile wavianualnudeinuuasaar nengluaiduiioniu
LAl dnarnssuuteurdoniy Sauduamuuusdaiiesiidildaiunsa
Jrunltlumsuszananale fesunviinisudasiiduninideiavidenouieisn1sfain
sty (Digitization) Fudluniswuasilaiduseidos £(x, v) Widuiladdulidedes g(x, »)

Wi liiunUseananan1BRauNInaTLA

Ampitude {in voRs)

I_ o Time {in milkseconds)

Tyme (in milliseconds)

T | b & ar a e .
MusuuRailad (Continuous) n']WLTNinLaﬂi]’]nTﬁ'ﬂ'l'a' Dngltlzatlon

“IJ“TI 213 .ﬂW\liuUULLBUwaBmLUUQBLUBQLLﬁuL’U\W]’JLﬁ"U’Jﬁﬂ']iWﬂVILWUU [12]

2.7.1 A7UNNIEYVRINISUTZUINNANINAIND A

N1sUTELIRANANIW MUeDy N1S5enlTTunaUNIONIINIBIAY uINTEIAUAIN

1 al ey

Inefiinguszasdmausulnuninvasnin ulanwlaindauaudfnudenis wu au

9 9

o =

ANYA NIBN15UTY WEJ@WNVIINH’]‘?ILﬂU‘U@ﬂJﬁ 'ﬂi@l‘ﬁﬁq‘lﬁiﬂﬂ’]iﬂ‘iaﬂJ'ﬂﬂNﬁ'ﬁ”@Uﬂ\? LU N9

ans1guindnualildegiauiug Taevhluudringussasduaansusnananiniie
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- Image Processing (Image in Image out)

Whazldnszurunisynie DIP Weviluldnimesnun LWy nsanuag
awmelusunsulwladey (Photoshop) Wumu

- Image Analysis (Image in Measurements out)

nddv v d o ¥ > 1 g

Fwdazldnszuiun1ms DIP wevihlilaAinisineeanu Wy n1sin
A luugRaN ISy Ludy

- Image Understanding (Image in High-Level Description out)

35 dazlenszuaunisnae DIP Wislilanaanseanundumiuuung
A18e19U84 High Level Description L4 N153n316781935.(Optical Character Recognition
: OCR) 1usiu

nMsUsgInaNanInmEpaNRIees @msavinlalasinmilaunainndevse
i A 1 = d ar a 2 o =1 L)
WWENLIYDIN NG99 (IMmage Source) Faludnanuaugasn warhuwvasdudygyiu
aa e b7 =0 o = o a ¢ W |
Avmeaniidnvusdusnadesniey 0,1 Tamisaltsduuunadamansgaundiglunis
o L2 2/ =y v
AnLagMIdTznanateyan et oslasely
nsUsgtnanan wileeentaidu 2 sedu @

2.7.1.1 nMsUsyurIananIwsauan (Low Level Image Processing)

@, ) A 1 o o 1 [

Wunsysznanaduisnganauiaziilugnmsuszaaananmseauge
soll tuAsndsaInislaniny awnlaszUsensulumessausyneusnge u1nuiey

= a A (% 14 c}d‘ = ' s ¥ - © v & wa
sdsdmisTldaosnisene Tuntlisnagisendt dymamsuniu (Noise) Fsvinlianiiled

'
o =f

Aauawlie wazlilgnunsadildlelunsdssaianald dadunisdssutanannssaund
Usznaulumensmapdyaiasuniu nsinwlide (Hish. Pass Filter) N15yu8unI

(Edge Detection) n1sutasnanluun3 (Binary Image) nsuuauweniusneing (Image

9

[
& =l L7

Segmentation) \udu tomAILUTAN anesuTEtayanIw wazilingUsrasanazingi

s ]

wusimariinlelunisuszanananinseivassialy

2.7.1.2 ﬂ'l'a'ﬂ'izmawamwszﬁ'uqa(High Level Image Processing)

o

=1 o v = & v o & v I o t7
dumsihilireuiiuneiidnuazidilanmtuld wu nsandiluni
AU 13971398 TUNN5INENYT LTUAY AIUBANANUDINITUSLUIANANINTZAUAILAE

seAugd Aetayafithanldlunisuszanana lnemsussinanassaumazldrmaiuainmse

ANULUUY DA AR T
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| o v < o
drumsussrrananinszaugs doyamhanlalumsussaianadzgn
wansluguuvuvesdyanual Inedyanvalivaiiozuansdiadwineg Meglunim wazn1slden

av v . 3 a = as a L3 1 -fi/
wlsldannsuszulaNanInszAUR weduisidydnvalivaiil

2.7.2 NMWNUAMABYYALUURTRDE
o v v v =a = < @

nnilananluudiluneudu dayaninuuuddneadunmigneanuuaunain
o v ) Y  acaa @ a o v e & 4
awuusiaiiles eglugusiavdiedsadlniedu lnsanueuzdonvzgnuuslmdunug
Awvdsuidng MNSunda fina (Pixel) lnsudazfineaazld (x,y) Tunisssysiumus ms
v aa a v a ¢ v i o a ¢
wanstoyanmadneaausnasuglame wning (M x N) uwaglvigadieg negluaming

&

aaw |
Wugediida (x,y) laq Wudawdsznevresnin

Pixel (x,y)

......

as

= Y =
JUN 2.14 6298 1N Wuaqﬁgm‘iummausﬁan [12]

=

1 - = £ o v U 1 v
AURIANea NIoTndu (x,y) o 90l99 2LUanIlAmERIYIAUUNLALY
Yoy v v a an o o ) ' o a S
g1auUtlavangszay 01d 2 seAuiaztiu 0 AU 1 31n3U IReY Nudneglufineailnfe
ANEINVIOANRWUNG (Luminance : L) ¥8snw danwilinduniwuiddivuia 8 Un g
1 1 ' 8 =4 1 U 5 1 L = 5 1 L
A1 L iU 27 3w 256 ADMLATEAU 0 9ude 255 UNATIATAIINETN (L) 919
wuneiesERUAUaEBeAuRININ (Image  Resolution) d1RN@ALTUAMNUIIAIALBIUAN

[

AMwAdnealuguwuuuming 2 8 pwn. (M x N) lanall

/(0,0 PACH ) B A (2.9)

1,0 L) . Ln—1
| GO D fn=1)

S(m=10) f(m-Ll) . flmn-Ln=D], .
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lngfidn f(x,y) wagludag 0 g 255 auufinsuAfinigaainawnilale

173

F(x,») whiu 10 uansigannigatuiiauainuesrsaseudaara aeulmdu 255

wansIgafnwatuiinnuainunvieliudun

Band1 Band2 Band3
@ 05850 @ s o5 1355
89 90 67 56 45 56 63 12 1193 97 94
10 55 10 78 56 98 34 99 1298 13 99

\
\ﬂﬂﬂ/
=5

Matrix (4x3)

g‘uﬁ 2.15 ATRNEATILNIN NS HENE RGB [12]

We f(x,y) = £(0,0) maesineaniseztluniswaudnusyninsdmewadvieay s

lawn wag Wen dakdu dslunidamany (87,45,95)

2.7.3 awithanldlunsussunana
Tnevilunwiidhunldlunisyssanananinassoatuulseenduanssvam
YANe Ao
2.7.3.1 awiadeulnn
anuasudnmndeulmafenmilsiithuiuandeqfunuuseiiies
adadldgunnedetioy 24 gﬂﬁiwﬁﬁmﬁ flesnaneavesrus et misanane
AARoAuNINATN 24 gﬂﬁiawﬁﬁmﬁLLé’aﬁ%uaaLﬁumwﬁmﬂumwm?{@ulm LNSIEEEAN
swenldesnidosniiarudmnniuly uiwnihnmilsnaneindetutiosndn 24 U8

WHSIUILAL 5rusudiuIImwiulisdeliles
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2.7.3.2 ananIanIwil

9/
ot

A o =Y E 7
AmAiUseuanalumsufiaeestu o1luseuu RGB Aagld

=l 1 ol =3

AT ULEIA LAY WeIkazUNEY AuNENEYRIANTeA ARl ag N BIn1WAED (Fulu

U

o Y - a oo vda 1 ¢
amwiadeulnivzdszneuluarsniniavatggain) awilandanldffieguatewasuun

(Format) lai3naedu bmp w30 jpg Wudu drunisidenldiuiudiufainumangas diu
] " LY P - H Y @ o
Trgjanilu  bmp wmsiglifesnensianeu esana iy jpg duilnsudanwled

I w & ° v v k4 " - ° 3
VUIALAN muumﬂ%mm’hjﬂmmﬂmﬂmagaaaﬂﬂauw%mmw‘lﬂﬂwmawama

2.7.4 W MIFIUT

wnsguesdnldeglutagiuiinansssuufeiuuslnomluynuinsgiuedl
unAnAEIAuAe Msinunddesnfiogneluaiy 3 87 lnsasliunudrededmiugatdy
Tuaws Fausdasunuaginnuludassdoru fetnuivu Tuszuu RGB. axflunudfe wnud
wne W uagtintu tussuy HLS sxdiunudiuend (Hue) aammiadng (Lightness) wagAy
U3qsuesd (Saturation) lagszuud RGB \HusyuuATiRneInmsTalfue uasduns 1387
wagiiiu Taevnfesthllflusanmuuu CRT wawlissnnszuud ReB Wusruudvesuas

Jnilinwilaeenumiuiinnuaaieuaydigaig s

sUfl 2.16 svUUd RGB [12]
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2.7.5 Tsnad (Color Model)

Tuwad Usenaume 3 widuanlown une 81087 hazduitu odiwsag iy
=l [ a [l aa | = =t i =l =t 1
Aundanns Wluseuunng Tneumagdian 0 09 1 (0 LARIDIAIAINIR Wae 1 WaRIDIA"

AUEIN) A LANINNISHALENIILEINS DN TUINLUE A8

blue [(0,0,1) eV

white
magenta (

red{ ~ black (0,1,0)G

(1,0,0) yvellow

UM 2.17 lulaadsyuy RGB [12]

7 P P 'S Y] 1w a et v e Y]
LeLUARAREETVNIR 8 U Suvianuminiy 24 Un aeatunsaasiadlugle

= 1 [¥) al d’ Aa’l‘r Ve ach 1 1 1 as =
4 256x256x256 WinAU 16,777,216 & dslundazlannwaninniiusasuwdldiiny 8 U
wsaisunindpudmvinty 24 Jendundn drnnwaldunwdauis 24  Jnageua1nn

AdnealugUwuUWYEINgG 2 §1f 9une M x N willouiuluaunisthsuilananluuas

2.7.6 DINTAUMN (Grayscale Image)
Wunseuaunisivinliarauduee sl dluawilsefuifieatu (Intensity
Transformation) yya$1g9) Aolufiniwantsiusssenavluded R, G, B auiulddniide 3
a1 lu 1 finwa Feasrhildenlunistssanana dadufnasdiidnmianududlusedu
Fetueunneu saensvilHu Gray Level (msviiliuld R, G, B v 3 fidwriniu)
drusanearuildlunmsvininsesumndy ﬁﬁyu‘l"u’ﬁayj 2 sy fie 339 1 Humsiedeen
A ~

vosusldviaay 1 UuIBheRigaudenaslinuiiniieuvesdld 39357 2 Ssfnnuady

aisvadusazald lnelliguwuudsannis
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R -
R, = (Rs + G, + By) i (2.5)
3
R, =((0.299x Ry) +(0.587x G, ) +(0.114x B, ))
G, = (R; + G + By) e (2.6)
3
G, =((0.299x Ry) +(0.587x G, ) + (0.114x By))
B, = (Rg + G + By) e (2.7)
3
B, =((0.299% Ry) +(0.587x G) +(0.114x By))
= =f I (3 = =i
laed Ry - vaefie AeAnminigaduns
G, vauneis Aneensinwadiden
By vianeis o swmnigaduniy
Ry VgD munanniuadue
Gy - vIEDy AdunaRinieadive

1%}

By mangnd AnBunainigadunity

2.7.7 msafuawluunidienisldmaiianasviThreshold
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from picamera.array import PiRGBArray
from picamera import PiCamera
import numpy as np

import constants

import cv2

import analyze

from threading import Thread

import device

import control

import time

fourcc = cv2.VideoWriter_fourcc(*MJPG')
out = cv2.VideoWriter('output.avi', fourcg, constants.frame _rate,

(constants.width, constants.height))

#set camera initial
try:
camera = PiCamera()
camera.resolution = (constants.width, constants.height)
camera.framerate = constants.frame _rate
rawCapture = PiRGBArray(camera, size=(constants.width,
constants.height))
#device.car_drive(60)
for frame in camera.capture_continuous(rawCapture, format="ber",
use_video_port=True):
#change object to array
image = frame.array
#find Light Traffic
"findLight = Thread(target = analyze.findLight, args=(image,))
findLight.start()

if constants.light |= None and constants.light _distance != None:
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#if the light traffic is red and near
if constants.light == "red" and constants.light_distance < 25:
constants.check red += 1

if constants.check red == 1:

print "Stop!MIIIIMINN\n ~NRy
constants.stop = True
#if the light traffic is red and far
elif constants.light == "red" and-constants.light_distance < 30:
constants.check red slow = 1
if constants.check red slow ==

print "Stow!IHIMIIIAR\N X"

constants.speed = 20

constants.check red =0

constants.check green = True

constants.check slow = True
#if the light traffic is green

elif constants.light == "ereen" and constants.check green:

print "GollHHHIIIINA\N AN’
constants.check green = False
constants.stop = False
constants.icheck red stow =0
constants.check _red = 0
constants.direction_deg = 100
else:
constants.check _red = 0
constants.stop = False
constants.check _red slow = 0
if not constants.stop:

if constants.light I= "green":



59

print "Light : {light} \t Distance : {distance} cm
".format(light=constants.light, distance=constants.light_distance)
#detect the lane
analyze.findLine(image)
if constants.contour_left != None and constants.contour right 1=
None:
cv2.drawContours(image, [constants.contour_left+[0,
constants.frame_crop_topl], -1,(184, 243,-46),.4)
cv2.drawContours(image, [constants.contour_right+[0,
constants.frame_crop _topl], -1, (252, 99, 201), 4)
#if constants.old -time != int{time.time()%60):
#if not constants.stop:
#measureDistance = Thread(target=device.measureDistance,
args=())
#measureDistance.start()
#constants.old_time = int(time.time()%60)
if constants.check red slow ==
constants.speed = 30
if constants.left deg != None and constants.right deg != None:
if constants.stop or not constants.front_check:
print 'stop’
control.car drive(0)
constants.old_speed = 0
time.sleep(0.07)
elif not constants.stop:
print "Direction : {ON\tPosition : {1}".format(constants.direction,

constants.position)

print '\n \n'
if constants.old_direction_deg != constants.direction_deg:

constants.old_direction_deg = constants.direction deg



control.car_turn(constants.direction_deg)
time.sleep(0.07)
if constants.old_speed != constants.speed:

constants.old_speed = constants.speed
control.car_drive(constants.speed)
time.sleep(0.07)

#cv2.imshow("image”, image)

out.write(image)

#wait for esc key

key =cv2.waitKey(1) & OxFF

#clear data in buffer

rawCapture.truncate(0)

#if press ESC quit
if\ kel EET2T-
break
device.clean()
control.clean()
out.release()
except Keyboardinterrupt:
#close all windows
device.clean()
control.clean()
cv2.destroyAllWindows()
out.release()
except:
device.clean()
control.clean()
out.release()

print "Finish 11"
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import cv2
import constants
import math
import sys

light_cascade = cv2.CascadeClassifier('/home/pi/opencv-

3.0.0/data/haarcascades/traffic_light.xml)

def findLight(frame):
#icrop only top of the frame reduce cpu work
frame = frame[0:220, 0:320]
#convert frame from BGR to Gray
gray = cv2.cvtColor(frame, cv2.COLOR BGRZGRAY)
#return-array of object that simular to traffic light
traffic_light = light cascade.detectMultiScale(gray, 1.1, 3)
ffanalyze object in-array
for x,'y, w, h.in traffic_light:
#analyze only near object
if w > 20:
#crop-image only traffic light
roi = gray[y:y+h, x:x+w]
mask = cv2.GaussianBlur(roi, (15, 15), 0)
minVal, maxVal, minXy, maxXy = cv2.minMaxLoc(mask)
constants.light_pos = [x, y, x+w, y+h]
#find if light is on
if (maxval - minVal)>160:
#calculate distance between car and traffic light
distance = float("{0:.2f}" format((77-w)/3.5+14))
#Red light detect
if h/5.5 < maxXy[1] < h/2.56 and w*2.0/6.0 < maxXy[0] <
w*4.0/6.0:



w*4.0/6.0:

constants.light = "red"
constants.light_distance = distance
constants.light color = (40, 40, 255)
#Green light detect
elif h/1.62 < maxXy[1] < h/1.44 and w*2.0/6.0 < maxXy[0] <

constants.light = "green”
constants.light distance = distance
constants.light color = (40, 255, 40)
#light detected is not red or green
else:
constants.light = None
constants.lieht distance = None
constants:light color = (255, 255, 255)
2
constants.ight = None
constants.light _distance = None
constants.light color = (255, 255, 255)
else:
constants.lisht = None
constants.light distance = None
constants.light pos = None

constants.light_color = (255, 255, 255)

def findAngle(x1, y1, x2, y2):
#use for find angle
dx = x2 - x1
dy = y2 -yl
deg = 180 - math.degrees(math.atan2(dy, dx))

return int(deg)
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def findLine(frame):
left = [
right = []
left_contour =[]
right_contour = []
#crop image only bottom for reduce cpu
image =
frame[constants.frame_crop_top:constants.frame crop bottom,
constants.frame_crop_left:constants.frame crop._right]
edges = cv2.Canny(image, 50, 400)
#return list of contour
_,ents, _ = cv2.findContours(edges, cv2.RETR TREE,
cv2.CHAIN_APPROX_SIMPLE)
for c in ents:
peri = cv2.arcLength(c, True)
#find angle of object
approx = cv2.approxPolyDP(c, 0.02 * peri, True)
#if line position is less than center
if approx[0][0][0] < 150:
try:
left.append(lapprox[01[0][0], approx[0][0][1], approx[11[0][0],
approx[1][0][(11])
left contour.append(approx)
except:
pass
#if line position is more than center
elif approx[0][0][0] > 170:
try:
right.append([approx[0][0][0], approx[0][0](1], approx[1][0][0],
approx[11[0][11])
right_contour.append(approx)
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except:
pass
try:
#find the left lane line
max_left = max(left)
index_left = leftindex(max_left)

contour_left = left_contour[index_left]

#find the right lane line

min_right = min(right)

index_right = right.index(min_right)

contour _right = right._contourfindex right]

#find left and right degree

left deg = findAngle(max_left[0], max_left[1], max_left[2],
max_left[3])

right_deg = findAngle(min_right[0], min_right[1], min right[2],
min_right[3])

constants.left deg = left deg

constants.right deg = right deg

print max_left[0], min_right[0], left deg, right_deg
#determine curve of the lane
#if the lane is forward lane
if 52 < left_deg < 72 and 110 < right_deg < 130:
constants.direction = "Forward"
constants.speed = 58
#check position of the car
if max_left[0] < 65 and min_right[0] < 225:
constants.position = "Right"
constants.direction_deg += 2

#print "Position : Right"



elif max_left[0] > 75 and 250 > min_right[0] > 230:
#print "Position : Left"
constants.position = "Left"
constants.direction_deg -= 2
g
constants.position = "OK"
#constants.direction _deg = 90
if constants.old_position != constants.position:
constants.old.position = .constants.position
constants.direction_deg = 100
#if the lane is curve right lane
elif 30 < left_deg < 55 and 70 < right_deg < 120:
constants.direction = "Right"
constants.speed = 58
"'constants.direction_deg = 85
if constants.direction deg <= 55;
constants.direction deg = 55
constants.speed = 150
if max_left[0] < 106 and min_right[0] < 245:
#print "Position : Right"
constants.position = "Right"
elif max_left[0] > 127 and min_right[0] > 270:
#print "Position.. Left"
constants.position = "Left"
else:
#print "Position : OK"
constants.position = "OK™"
if max_left[0] > 120 and min_right[0] > 300:
constants.direction_deg = 75
pHt "75"100
elif max_left[0] > 135 and min_right[0] > 304:



67

constants.direction deg = 77
print "70"*100
elif max_left[0] > 100 and min_right[0] > 265:
constants.direction_deg = 87
print "90"*100
else:
constants.direction _deg = 87
#if the lane is curve left lane
f#telse can not detect
else:
constants.teft_deg = None

constants.right deg = None

#return value for main process
constants.contour _left = contour- left
constants.contour right = contour right
except:
#print sys.exc info()
constants.contour_left = None
constants.contour right = None
constants.left_ deg = None

constants.right_deg = None
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import serial
import os

import time

list_dev = os.popen('ls /dev/ttyUSB*).read().split("\n")[0]

ser = serial.Serial(list_dev, 9600)

def car_turn(degree):

ser.write('s'+str(degree))

def car_drive(speed):

ser.write('m'+str(speed))

def clean():
ser.write('s100")
time.sleep(0.07)
ser.write('mQ’)

ser.close()
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import time
import RPi.GPIO as GPIO

import constants

#set GPIO mode
GPIO.setmode(GPIO.BOARD)

#set GPIO type I/0O
GPIO.setup(constants.decode pin, GPIO.IN)
GPIO.setup(constants.trig_pin, GPIO.OUT)
GPIO.setup(constants.echo_pin, GPIO.IN)

#function for measure Speed

def measureSpeed():

while GPIO.input{constants.decode_pin) == 0:
pass

while GPIO.input{constants.decode. pin) == 1:
pass

#start time for calculate the speed

start_time = time.time()

time.sleep(0.1)

#wait for sensor

while GPIO.input(constants.decode_pin).=="0:
pass

#if sensor detect

while GPIO.input(constants.decode pin) == 1
pass

#stop time for calculate the speed

stop_time = time.time()

#calculate the speed by using 7.54 cm of wheel’s circumference

speed = "{0:.2f}" format(7.54/(stop_time-start_time))
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print "speed : {} cm/s".format(speed)

time.sleep(0.1)

#function for measure Distance

def measureDistance():

#trig the ultrasonic
GPIO.output{constants.trig_pin, 1)
time.sleep(0.00001)
GPIO.output(constants.trig_pin, 0)

#wait for output-setup to HIGH

while GPIQ.input(constants.echo pin) == 0:
pass

#start time for calculate the distance

start_time = time.time()

#wait for output back to LOW
while GPIO.input(constants.echo pin) == 1:
pass
#stop time for calculate the distance
stop_time = time.time()
#calculate the distance by using average speed value (17539.85) from the
graph’s plot in page 51
distance = "{0:.0f}" format((stop. time-start time)*17539.85)
if int(distance) <= 20:
constants.front_check = False
el
constants.front_check = True
#function clean the GPIO
def clean():
GPIO.cleanup()
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measureDistance()
except Keyboardinterrupt:

GPIO.cleanup()

print "stop"
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L293x Quadruple Half-H Drivers
1 Features 3 Description

Wide Supply-Voltage Range: 4.5 V to 36 V
Separate Input-Logic Supply

Internal ESD Protection
High-Noise-Immunity Inputs

Qutput Current 1 A Per Channel (600 mA for
L293D)

Peak Output Current 2 A Per Channel (1.2 A for
L293D)

Output Clamp Diodes for Inductive Transient
Suppression (L293D)

Applications

Stepper Motor Drivers
DC Motor Drivers
Latching Relay Drivers

The L293 and L293D devices are gquadruple high-
current half-H drivers. The L293 is designed to
provide bidirectional drive currents of up to 1 A at
voltages from 4.5 V to 36 V. The L293D is designed
to provide bidirectional drive currents of up to 600-mA
at voltages from 4.5 V to 36 V. Both devices are
designed to drive inductive loads such as relays,
solenoids, DC and bipolar stepping motors, as well as
other high-current/high-voltage loads in positive-
supply applications.

Each output is a complete totem-pole drive circuit,
with a Darlington transistor sink and a pseudo-
Darlington source. Drivers are enabled in pairs, with
drivers 1 and 2 enabled by 1,2EN and drivers 3 and 4
enabled by 3,4EN.

The L293 and L293D are characterized for operation
from 0°C to 70°C.

Device Information!"

PART NUMBER PACKAGE BODY SIZE (NOM)
L293NE PDIP (16) 19.80 mm x 6.35 mm
L293DNE PDIP (16) 19.80 mm x 6.35 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

1,2EN

1A

1Y
HEAT SINK AND
GROUND

2Y

2A

Veez

NE Package
16-Pin PDIP
Top View
1K Y 16[] Veet
1 15[] 4A
s 14]] 4Y
4  13[] L HEAT SINK AND
1E 12[] | GROUND
[s 111l 3Y
0 10]] 3A
8 9f] 3.4EN

Pin Functions

EIN TYPE DESCRIPTION
NAME NO.
1,2EN 1 | Enable driver channels 1 and 2 (active high input)
<1:4>A 2,7,10,15 I Driver inputs, noninverting
<1:4>Y 3,6, 11,14 0 Driver outputs
3,4EN 9 | Enable driver channels 3 and 4 (active high input)
GROUND 4.5, 12,13 _4 SD;;:jic&airound and heat sink pin. Connect to printed-circuit-board ground plane with multiple
Voo 16 - 5-V supply for internal Iogic translation
Vees 8 - Power VCC for drivers 4.5V to 36 V

Copyright © 1986-2016, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)"

MIN MAX UNIT
Supply voltage, Vocq @ 36 v
Output supply voltage, Veeo 36 \%
Input voltage, V, 7 \
Output voltage, Vg -3 Veez +3 \
Peak output current, o (nonrepetitive, t < 5 ms): L293 -2 2 A
Peak output current, I (nonrepetitive, t < 100 ps): L293D -1.2 1i2 A
Continuous output current, Ig: L293 -1 1 A
Continuous output current, |g: L293D -600 600 mA
Maximum junction temperature, T 150 °C
Storage temperature, Tgq —-65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to the network ground terminal.

6.2 ESD Ratings

7 VALUE UNIT
Viess Electiostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (") #2000 v
(ESD) discharge Charged-device model (CDM), per JEDEC specification JESD22-C101(2) | #1000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
\Y 4.5 7
Supply voltage £t \%
Veez Vet 36
Vee1 STV 23 V, \
\um High-level input voltage LGl £
Vegr 27V <.J 7 Vv
V)L Low-level output voltage -0.3(") 1.5 \%
Ta Operating free-air temperature 0 70 °C

(1) The algebraic convention, in which the least positive (most negative) designated minimum, is used in this data sheet for logic voltage
levels.

6.4 Thermal Information

L293, L293D
THERMAL METRIC(" NE (PDIP) UNIT
16 PINS
Raya Junction-to-ambient thermal resistance (2 36.4 °C/W
Reuciiop) Junction-to-case (top) thermal resistance 22.5 °C/W
Rays Junction-to-board thermal resistance 16.5 °C/W
YT Junction-to-top characterization parameter 7.1 ‘C/IW
Wi Junction-to-board characterization parameter 16.3 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.
(2) The package thermal impedance is calculated in accordance with JESD 51-7.
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6.5 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
v High-level output volt il Vi~18  Vsp=id v
igh-level output voltage -1. -1
OH g P! g L293D: lo = - 0.6 A ccz ccz
L293: o = 1A
VoL Low-level output voltage 1.2 1.8 Vv
L293D: o, = 0.6 A
VokH High-level output clamp voltage L293D: lgx =-0.6 A Veea 1.3 \
VokL Low-level output clamp voltage L293D: ok = 0.6 A 1.3 '
I High-level input t a Vi=7V e L A
Igh-level Input curren =
. ¢ . EN : 0.2 0] "
A -3 -10
I Low-level input current V=0 HA
EN -2 -100
All outputs at high level 13 22
I Logic supply curent o= 0 All outputs at low level 35 60 mA
All outputs at high
impedance 8 24
All outputs at high level 14 24
loc Output supply current lo=0 All outputs at low level 2 6 .
All outputs at high 2 4
impedance
6.6 Switching Characteristics
over operating free-air temperature range (unless otherwise noted) Vigs =5V, Voo =24 V, Ty = 25°C
PARAMETER A TEST CONDITIONS MIN TYP MAX UNIT
o Propagation delay time, low-to- L293NE, L293DNF - 800 ns
¥ high-level output from A input L293DWP, L293N L293DN 750
T Propagation delay time, high-to- | L293NE, L293DNE 400 ns
" low-level output from A'input L293DWP, L293N L293DN GL= 30 pF. 200
ez Transition time, low-to-high-level L293NE, L293DNE S 300 =3
ke output L293DWP, L293N L293DN 100
Transition time, high-to-low-level | L293NE, L293DNE 300
trHL trit ns
outpu L293DWP, L293N L293DN 350
6.7 Typical Characteristics
5
\ \
= ; \
| \\ With Infinite Heat Sink
c 4 \
g N
‘i . \
2 N
& 3 Heat Sink With 8, = 25°C/W \
[=]
£
. L\
2
o
a - Free Air \ \
1 \‘\ \\
[}
= 1 \___ \
o \\\
0 g
=50 0 50 100 150
Ta — Ambient Temperature - °C
Figure 1. Maximum Power Dissipation vs Ambient Temperature
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7 Parameter Measurement Information

Input 5V 24V Input
V V,
Pulse cc1 Vecez
Generator A
(see Note B) | |
Y

T Output 0%\ | | 20% Vou

3v— | EN CL= ;0 thA I\ 50% 50% A |

(see Note A) Output | ‘

| 10% 10%
L | | I VoL
= = try e P try
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. C_ includes probe and jig capacitance.
B. The pulse generator has the following characteristics: t; < 10 ns, t; < 10 ns, t, = 10 ps, PRR =5 kHz, Zg = 50 Q.

Figure 2. Test Circuit and Voltage Waveforms

6
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8 Detailed Description

8.1 Overview

The L293 and L293D are quadruple high-current half-H drivers. These devices are designed to drive a wide array
of inductive loads such as relays, solenoids, DC and bipolar stepping motors, as well as other high-current and
high-voltage loads. All inputs are TTL compatible and tolerant up to 7 V.

Each output is a complete totem-pole drive circuit, with a Darlington transistor sink and a pseudo-Darlington
source. Drivers are enabled in pairs, with drivers 1 and 2 enabled by 1,2EN and drivers 3 and 4 enabled by
3,4EN. When an enable input is high, the associated drivers are enabled, and their outputs are active and in
phase with their inputs. When the enable input is low, those drivers are disabled, and their outputs are off and in
the high-impedance state. With the proper data inputs, each pair of drivers forms a full-H (or bridge) reversible
drive suitable for solenoid or motor applications.

On the L293, external high-speed output clamp diodes should be used for inductive transient suppression. On
the L293D, these diodes are integrated to reduce system complexity and overall system size. A V¢q terminal,
separate from Vc,, is provided for the logic inputs to minimize device power dissipation. The L293 and L293D
are characterized for operation from 0°C to 70°C.

8.2 Functional Block Diagram

Vee
I ~ 1
15 | ool
v —-I L 0
3 14
13
1

F
|
n G

g

Vecez
Output diodes are internal in L293D.

8.3 Feature Description

The L293x has TTL-compatible inputs and high voltage outputs for inductive load driving. Current outputs can get
up to 2 A using the L293.
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8.4 Device Functional Modes
Table 1 lists the fuctional modes of the L293x.

Table 1. Function Table (Each Driver)"

INPUTS @
3 s OUTPUT (Y)
H H H
L L
X L z

(1)
(2)

H = high level, L = low level, X = irrelevant, Z = high impedance (off)
In the thermal shutdown mode, the output is in the high-impedance

state, regardless of the input levels.

Veet

Current
Source

Input

GND

Figure 3. Schematic of Inputs for the L293x

Veez

Output

GND
Figure 4. Schematic of Outputs for the L293

NP Veez
Qutput
A
—_—— @ ! ] GND

Figure 5. Schematic of Outputs for the L293D
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and TI does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

A typical application for the L293 device is driving a two-phase motor. Below is an example schematic displaying
how to properly connect a two-phase motor to the L293 device.

Provide a 5-V supply to V¢t and valid logic input levels to data and enable inputs. Ve, must be connected to a
power supply capable of supplying the needed current and voltage demand for the loads connected to the

outputs.

9.2 Typical Application

Control A

Control B

10 v "
o
= '
1
aA v
15 14
Thermal "
Shutdown

m

|4.5,12,13

GND

Figure 6. Two-Phase Motor Driver (L293)

9.2.1 Design Requirements

The design techniques in the application above as well as the applications below should fall within the following
design requirements.

1. Veeq should fall within the limits described in the Recommended Operating Conditions.

2. V¢ should fall within the limits described in the Recommended Operating Conditions.

3. The current per channel should not exceed 1 A for the L293 (600mA for the L293D).

9.2.2 Detailed Design Procedure

When designing with the L293 or L293D, careful consideration should be made to ensure the device does not
exceed the operating temperature of the device. Proper heatsinking will allow for operation over a larger range of
current per channel. Refer to the Power Supply Recommendations as well as the Layout Example.
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Typical Application (continued)

9.2.3 Application Curve

Refer to Power Supply Recommendations for additional information with regards to appropriate power
dissipation. Figure 7 describes thermal dissipation based on Figure 14.
4

80
? i L CAT 60 %
5 N !
= ]
1] Q
& c
g 2 \\ 40 ‘E
n Prot (Ta = 70°C) [ T 3
[*T]
2 =
1 Q
'6 1 20 |'E
[t 1
o <
@
0 0
0 10 20 30 40 50

Side{ - mm
Figure 7. Maximum Power and Junction vs Thermal Resistance

9.3 System Examples

9.3.1 L293D as a Two-Phase Motor Driver

Figure 8 below depicts a typical setup for using the L293D as a two-phase motor driver. Refer to the
Recommended Operating Conditions when considering the appropriate input high and input low voltage levels to
enable each channel of the device.

16
1,2EN
1
| % %
1Y
:;mra|A~Do L1 = >» —

~

2A
7

=
P

- k 14
of Thermal
Shutdown

>—
A
l 1
i
3A } w
4,5,12,13

’_l
>

Figure 8. Two-Phase Motor Driver (L293D)
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System Examples (continued)

9.3.2 DC Motor Controls

Figure 9 and Figure 10 below depict a typical setup for using the L293 device as a controller for DC motors. Note
that the L293 device can be used as a simple driver for a motor to turn on and off in one direction, and can also
be used to drive a motor in both directions. Refer to the function tables below to understand unidirectional vs

bidirectional motor control. Refer to the Recommended Operating Conditions when considering the appropriate

input high and input low voltage levels to enable each channel of the device.

Vs O
£c2 SES5001

) SES5001 —a

3A 4A
r?w 1|15
| 16 Vcer
L 8 |
I 1/2 L293 9
s 7 C© EN
£ 4,5,12, 13
GND

Connections to ground and to supply voltage

Figure 9. DC Motor Controls

Table 2. Unidirectional DC Motor Control

EN 3A M1 4A M2

H H Fast motor stop H Run

H L run 13 Fast motor stop

L X Free-running motor stop X Free-running motor stop

(1) L =low, H = high, X = don't care

Veea O-9

2 x SES5001

1A
16
—C Veer
1/2 L293 1
—O EN
= 4,5,12,13
GND

Figure 10. Bidirectional DC Motor Control

Table 3. Bidrectional DC Motor Control

EN 1A 2A FUNCTION("
H L H Turn right
H L Turn left

(1) L=low, H = high, X = don’t care
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Table 3. Bidrectional DC Motor Control (continued)

EN 1A 2A FUNCTION(")
H L L Fast motor stop
H H Fast motor stop
L X X Free-running motor stop

9.3.3 Bipolar Stepping-Motor Control

Figure 11 below depicts a typical setup for using the L293D as a two-phase motor driver. Refer to the
Recommended Operating Conditions when considering the appropriate input high and input low voltage levels to

enable each channel of the device.

D1-D8 = SES5001

IL1/IL2 = 300 mA

D5

D6

D2

L293

Veer

-

0
=)
9

Figure 11. Bipolar Stepping-Motor Control
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10 Power Supply Recommendations

Veeris 5V £ 0.5V and Ve, can be same supply as Vgeq or a higher voltage supply with peak voltage up to 36
V. Bypass capacitors of 0.1 uF or greater should be used at V¢eq and Vees pins. There are no power up or
power down supply sequence order requirements.

Properly heatsinking the L293 when driving high-current is critical to design. The Rthj-amp of the L293 can be
reduced by soldering the GND pins to a suitable copper area of the printed circuit board or to an external heat
sink.

Figure 14 shows the maximum package power PTOT and the 8JA as a function of the side of two equal square
copper areas having a thickness of 35 um (see Figure 14). In addition, an external heat sink can be used (see
Figure 12).

During soldering, the pin temperature must not exceed 260°C, and the soldering time must not exceed 12
seconds.

The external heatsink or printed circuit copper area must be connected to electrical ground.

"17.0 mm
\ﬁ

11.9 mm

il

o

38.0 mm

e

Figure 12. External Heat Sink Mounting Example (8,5, = 25°C/W)
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11 Layout

11.1 Layout Guidelines

Place the device near the load to keep output traces short to reduce EMI. Use solid vias to transfer heat from
ground pins to ground plane of the printed-circuit-board.

11.2 Layout Example

TTL Logic | 1| 1,2EN VCC1|16
TTL Logic E 1A 4a (15
1 Ampere IE 1Y 4Y (14
ejile; - O &) O/
Q.0 .0 0/ 0- |13
Sggoo 0 0 o ©
O/0 | 5fzORD oEse, § V.
00 o] e OoNQ
1Ampere |6 | 2Y 3y |11
TTL Logic | 7 | 2A 3A |10
5Vto 36V, | 8 | VCC2 E
gk 3,4EN
Tor
GND

Figure 13. Layout Diagram

Copper Area 35-um Thickness

GND

s

oawr
5V

TTL Logic

TTL Logic

TTL Logic

/

Ld [ ot
LI L1J2]

S E
P
AN

10101

Printed Circuit Board

Figure 14. Example of Printed-Circuit-Board Copper Area (Used as Heat Sink)
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12 Device and Documentation Support

12.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 4. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
L293 Click here Click here Click here Click here Click here
L293D Click here Click here Click here Click here Click here

12.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.3 Trademarks

EZ2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.4 Electrostatic Discharge Caution

.‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘En\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.5 Glossary

SLYZ022 — T/ Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
) Drawing Qty 2) @] @) (4is)
L293DNE ACTIVE PDIP NE 16 25 Pb-Free CU NIPDAU N / A for Pkg Type 0to 70 L293DNE Samples
(RoHS)
L293DNEE4 ACTIVE PDIP NE 16 25 Pb-Free CU NIPDAU N /A for Pkg Type 0to 70 L293DNE
o |
L293NE ACTIVE PDIP NE 16 25 Pb-Free CU NIPDAU N / A for Pkg Type 0to 70 L293NE Bl
(RoHS)
L293NEE4 ACTIVE PDIP NE 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type 0to 70 L293NE Samples
i ) (RoHS)

M The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this partin a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability

information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that

lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, T| Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between

the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

@) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

* There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

®) | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish

value exceeds the maximum column width.
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Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the T part(s) at issue in this document sold by Tl to Customer on an annual basis.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated T| product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all T products
used in or for Designers' applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect fo their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include T products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “T| Resources”) are intended to
assist designers who are developing applications that incorporate T| products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular Tl Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of TI Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from T| providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular Tl Resource.

Designer is authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that
include the Tl product(s) identified in such Tl Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which T| products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of Tl Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED "AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. Tl SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where Tl specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.g., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
requirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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1 Introduction

In order to meet the increasing need of Raspberry Pi compatible camera modules. The
ArduCAM team now released a revision C add-on camera module for Raspberry Pi which is fully
compatible with official one. It optimizes the optical performance than the previous Pi cameras,
and give user a much clear and sharp image. Also it provides the FREX and STROBE signals
which can be used for multi-camera synchronize capture with proper camera driver firmware.

It attaches to Raspberry Pi by way of one of the two small sockets on the board upper surface.
This interface uses the dedicated CSI interface, which was designed especially for interfacing to
cameras. The CSI bus is capable of extremely high data rates, and it exclusively carries pixel data.
The camera is supported in the latest version of Raspbian, Raspberry Pi’s preferred operating
system

The board itself is tiny, at around 36mm x 36mm. The highlight of our module is that the
Lens is replaceable compared to official one, making it perfect for mobile or other applications
where size and image quality are important. It connects to Raspberry Pi by way of a short ribbon
cable. The camera is connected to the BCM2835/BCM2836 processor on the Pi via the CSI bus, a
higher bandwidth link which carries pixel data from the camera back to the processor. This bus
travels along the ribbon cable that attaches the camera board to the Pi.

The sensor itself has a native resolution of 5 megapixel, and has a fixed focus lens onboard.
In terms of still images, the camera is capable of 2592 x 1944 pixel static images, and also
supports 1080p30, 720p60 and 640x480p60/90 video.

2 Block Diagram

0V5647
image sensor core image image output
sensor interface
> column processor
sample/hold
o A
= g5 > » D[a:0]
3| mae M IO-bit:> 3% N o o ME I
Wt = —
| i e e 1=z MCP/N
S T , 8 L A5 |/ MDP/N[1.0]
A A A A AL A A
50/60 Hz gain
auto detection control
AA A A
control register bank
A A
PLL timing generator SCCBslave MIPI control
and system control logic interface interface
) A A A /
Y { Y Y
v Z M 5 o X W U W <
g SpFZEggzEg RR
= a Qo v & L T o 570521
[ PD- wn

Note: Raspberry Pi camera module only support MIPI interface, it doesn’t support DVP interface..
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Features

Raspberry Pi CAMERA MODULE

High-Definition video camera for Raspberry Pi Model A/B/B+ and Raspberry Pi 2
Omnivision OV5647 sensor in a fixed-focus module with replaceable Lens

Lens holder: M12x0.5 , CS mount or C mount

5MPixel sensor
Integral IR filter

Still picture resolution: 2592 x 1944

Max video resolution: 1080p
Max frame rate: 30fps

Support FREX/ STROBE feature
Size: 36 x 36 mm

15 cm flat ribbon cable to 15-pin MIPI Camera Serial Interface (CSI) connector

Key Specifications

active array size: 2592 x 1944
power supply:

core: 1.5V £ 5% (with embedded 1.5V regulator)

analog: 2.6 ~ 3.0V (2.8V typical)
fo: 1.7V ~ 3.0V

power requirements:
active: TBD
standby: TBD

temperature range:
operating: -30°C to 70°C (see table 8-2)
stable image: 0°C to 50°C (see table 8-2)
output formats: 8-/10-bit RGB RAW output
lens size: 1/4"
lens chief ray angle: 24° (see figure 10-2)
input clock frequency: 6~27 MHz
$/N ratio: TBD
dynamic range: TBD

maximum image transfer rate:
QSXGA (2592 x 1944):; 15 fps
1080p: 30 fps
960p: 45 fps
720p: 60 fps
VGA (640 x 480): 90 fps
QVGA (320 x 240): 120 fps
sensitivity: TBD
shutter: rolling shutter / global shutter
maximum exposure interval: 1968 x tgoy
pixel size: 1.4 pm x 1.4 pm
well capacity: TBD
dark current: TBD
fixed pattern noise (FPN): TBD
image area: 3673.6 pm x 2738.4 pm
die dimensions: 5520 ym x 4700 pm

www.ArduCAM.com
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Application

Cellular phones

Other battery-powered products
Can be used in Raspberry Pi, ARM, DSP, FPGA platforms

Raspberry Pi CAMERA MODULE

6 Pin Definition

Table 1 P1 Connector Pin Definition

L

PinNo. | ' PINNAME- |~ "TYPE- | DESCRIPTION = =

1 DGND Ground Power ground

2 CAM_DO_N Output MIPI data laneQ negative output
3 CAM_D0O_P Output MIPI data lane0 positive output
Bl DGND Ground Power ground

5 CAM_D1_N Output MIPI data lane1 negative output
6 CAM_D1_P Output MIPI data lane1 positive output
7 DGND Ground | Power ground

8 CAM_C N Output MIPI clock negative output

9 CAM_C P Output MIPI clock positive output

10 DGND Ground Power ground

11 POWER_EN Input Camera module power enable active high
12 LED_EN Input Reserved

18 SCL Input Two-Wire Serial Interface Clock
14 SDA Bi-directional | Two-Wire Serial Interface Data 1/O
15 +3.8V POWER 3.3v Power supply

Table 2 P2 Connector Pin Definition
Pin No. PIN NAME TYPE DESCRIPTION

1 +3.3V POWER 3.3v Power supply

2 DGND Ground Power ground

3 STROBE Output Strobe output

4 FREX input Frame exposure control

4 www.ArduCAM.com
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7 Lens Options

The Raspberry Pi camera shipped with default LS-40136 (M12x0.5 mount) and LS-6018 (CS
mount), Lenses specification list as follows. Please contact us admin(@arducam.com for more lens

options.
L.S-40136 Lens Specification
A. Specification: LS-40136 B. Layout
1, sensor size: 1/4"
2. focal length(EFL):3, 2mm

3. F/NOlinfinition):2. 0
4. back focal length:1, 6 mm

6. Field of view:

Diagonals 85°% 7 %V L,

Horzongfal:63. 7% 7 3 \

Verticals70°; ded [ ﬂg
U3

5-6p

M12,00%P0,5

T. Thread size: M12#P0. 5
8. Element: SE+IR 77 . 777

E14 L0+
a
N
i

i

i

|
A

L.S-6018 Lens Specification

BRZH

Technical parameters

g S niHm o
ModelNe. . ESBOIBCShopiiis of view 68

B

Focal Length 6. OMM g,l‘"%,{gg, $28%24. 2m
b bk 1.4 bl 1.0 8 0.1
Aperture(F) M.0.D(rn)

A b S

Mount cs Weight(qg) -0
RERY v, % B

Farmat V2 Remarks Metal
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8 Mechanical Dimension
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l Tiny and lightweight with high output power. Servo can rotate approximately 180 degrees (90 in each direction), and works just like the standard kinds

| but smaller. You can use any servo cade, hardware or library to control these servos. Good for beginners who want to make stuff move without building a
f motor controller with feedback & gear box, especially since it will fit in small places. It comes with a 3 homs (arms) and hardware.

Position "0" (1.5 ms pulse) is middle, "90" (~2ms pulse)is middle,

is all the way to the right, "-90

" (~1ms pulse) is all the way fo the left.

Dimensions & Specifications

A (mm) : 32

B (mm) : 23

C (mm) ; 28.5

D (mm): 12

E (mm) : 32

F (mm):19.5

Speed (sec) : 0.1

Torque (kg-cm) . 2.5

Weight (g) : 14.7

Voltage : 4.8 -6
PWM=0range (J1I")
Vec =Red (+) — O/
Ground=Brown (=) —
1-2ms
D..‘.‘.F?’..E.!Sf_e
48V (~5V) 1
Power |
and Signal :
......................... 20m5(5o|-|z)

PWM Period



HC-SR04 User Guide

1. Ultrasonic Distance Measurement Principles

The transmitter emits a 8 bursts of an directional 40KHz ultrasonic wave when
triggered and starts a timer. Ultrasonic pulses travel outward until they encounter
an object, The object causes the the wave to be reflected back towards the unit.
The ultrasonic receiver would detect the reflected wave and stop the stop timer.
The velocity of the ultrasonic burst is 340m/sec. in air. Based on the number of
counts by the timer, the distance can be calculated between the object and
transmitter The TRD Measurement formula is expressed as: D = C X T which is
know as the time/rate/distance measurement formula where D is the measured
distance, and R is the propagation velocity (Rate) in air (speed of sound) and T
represents time. In this application T is devided by 2 as T is double the time

value from transmitter to object back to receiver.

2. Product Features

Features

® Stable performance (Xtal.)

® Accurate distance measurement
® High-density SMD Board

® Close Range (2cm)

Uses

® Robotics barrier

® Object distance measurement
® | evel detection

® Security systems

® Vehicle detection/avoidance



3. Product Views
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4. Module Pin Asignments

Pin Symbol Pin Function Description
1 VCC 5V power supply
/4 Trig Trigger Input pin
3 Echo Receiver Output pin
4 GND Power ground

5. Electrical Specifications

WARARNING
Do Not connect Module with Power Applied! Always apply power after connecting
Connect "GND" Terminal first

Electrical Parameters HC-SR04 Ultrasonic Module
Operating Voltage 5VDC
Operating Current 15mA
Operating Frequency 40KHz
Max. Range 4m
Nearest Range 2cm
Measuring Angle 15 Degrees
Input Trigger Signal 10us min. TTL pulse
Output Echo Signal TTL level sig!'lal, proportional to
distance
Board Dimensions 1-13/16" X 13/16" X 5/8"
Board Connections 4 X 0.1" Pitch Right Angle Header Pins

2




6. Module Operation

Set Trig and Echo Low to initalize module. Place a minimum 10us High
level pulse to "Trigger" (module will automatically send eight 40KHz acoustic

bursts). At the same time, Gate the microcontroller timer to start timing.

Wait to capture the rising edge output of ECHO port to stop the timer. Now
read the time of the counter, which is the ultrasonic propagation time in the air.
According to the formula: Distance = (ECHO high level time X ultrasonic

velocity (Speed of Sound in air 340m/sec) / 2, you can calculate the distance to

the obstacle.

For best results and maximum range, the Object should be larger than 0.5M2

the nearer the target object, the smaller it may be




Trigger

‘ 40KHz
~ Acoustic

Burst

- 40KHz
Reflected
| Signal

Output of
ECHO Pin

7. ModuleTiming

HC-SR04 ULTRASONIC MODULE

8x40K Hz

Propagation Delay
Dependent on Distance

Trigger 10us min. start measurement from microcontroller.

Max Rep. Rate: 50us
ECHO Output pulse to microcontroller, width is the time from last of 8 40KHz
bursts to detected reflected signal (microcontroller Timer gate signal)

Distance in cm = echo pulse width in uS/58

Distance in inch = echo pulse width in uS/148

Information obtained from or supplied by Mpja.com or Marlin P. Jones and Associates
inc. is supplied as a service to our customers and accuracy is not guaranteed nor is it
definitive of any particular part or manufacturer. Use of information and suitability for
any application is at users own discretion and user assumes all risk.





