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ABSTRACT

This thesis presents TV remote controller for control channel shifting
and volume adjusting by using hand gesture. The image of hand gesture obtained
from the camera will be processed by the processing board to translate into the
controlling code. After the controlling code is detected, the microcontroller will
generate the virtual remote control signal corresponding to the detected controlling
code. This signal is then send through infrared LED to control the television. This
device thus makes TV controlling more convenient
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finuayRfiuandsfuniudiiu %ﬁLLaaﬁgqamﬁﬂ3imhjwi"|ﬁ'uimwiasqﬂﬂifﬁ uanLEe N
inuaufivesansiFeuaiuasn1siaIenIn wazanmndeuiisenmeasufianes



willauiunnusznis Flasundudasiiriuandreiusanlunugui 2.3 wuudiassd RGB
Usznaunlsdayalnuiuaudiufe A1 Intensity Vaatandalaunduns BTe7 wazdun
Ry

Yelioo

5UTt 2.3 woudhaasd RGB [17)

2,1.4.2 uWUU@B4E HSV (HSV Color Model)

Luyd1aead HSV (HSV Color Model) iuwuuiiansdfignasnsduiiodu
ymadenlagiuudiaesd HsV uandluguil 2.4 asldanummenanindlenaraiia dna 1 lu
Baftavs 1wy Weyaddvaestumsfiadyasiiauuansiaiy Wofinnsandmdesseu &
widesud viedthnradiiamuuenadisiuseals wnuiimnd fedudeiues Aty
aadavetinnududiiuaneeiy sedudlusuusiaed Hev Fdlieruddniidlale
wnnidmiuuyudtsiiandd Hsv Usenaushead i

H man8fiy Hue iodfifidfiuand1saenlunumtiivesnas Wy wag
widles Wen thidu v s Hudy

S weE4 Saturation WisaAMBRRIVE Hue Ty 9 Wy Auns ey dwy
fio Aunaritoausduuyianududitioonin uuudiaesd HSV munef Value w3aA1AIM
ai19w09d lnufian Value Argavanas 31 liid1axdl Hue wis Saturation ivle wagen
Value gegavaneiie #v11 Saduditadnsfiganes Hue uae Saturation Hum \iu Hue laq i
f1 Saturation Sl 0 \ile Value guanAedivdaduas Value manfadm



Green Yellow

3
Cyan Red (0°) o L,

Blue Magenta

V=20

¢V axis

3U#1 2.4 Wuud1aasd HSV [17]
2.1.5 NSHUNANFAUZIANIZUBINTW (Image Feature Extraction)

msuendnunsanzvssamdunisuenseataeoyaidduesnin
sonudsdnvuziezvssn i unua TR Tom lalasldtunenitnnsusyanana
am Tnefidnvaaniefugiuveun il ssnoude 3 dufie 8, sUaas iy

- (Colon) 1iudnwmzianizvasnniifiunumdrdaluszuuAudunin
&iih %aimmm%sﬁaLﬂuﬁﬂwmmawwmaq?ﬂﬁgﬂﬂmﬂ‘ffﬂaaq [Heeanddudfianunsa
weaihilFhenardudusniannsodneiulirnnisuesniw venaniaganusaldly
AsuenugnauIasnwesnatiev F Gusenad 1w menimsa Aetenenlsl 3
Wenveasiulyd 1Wusy

- 3U379 (Shape) Wudnwauziawizvanmilliosursfgustuasdnums
sawdwunvesingmeluamiaildamnsowen ngeaninfiundnidousnuerseving
IngiidsUsraunnsnsueenainfuli

- fiufi (Texture) WudnuusamedldesusamumeuanuasiBoavie
aududeuveringmelunmdaudasniwentaztsenoude Tafildnuneiuifinanss
Tueanly m'ﬁmﬁxﬁﬁuﬁmsﬁaﬂﬁamwmmﬂuasmmLmnsiwaaﬁmqlﬁﬁ?j@%u nsAL
ﬁumwﬁi%’ﬁ/uﬁaLﬂué’nwmLawwwaaﬂwwahu’i,mgazgﬂﬁﬂﬂﬂumﬁé’ummwmﬂﬂ&jmmw
i Wugnnmiuiresiiu gnmituivestuld sy



2.1.6 Msad1eavilnaw (Image Indexing)

nsadesuilnmilisiunanuaneisasluiitvesndnegnaisnsdounas
lansgauiuin 4 33 Ae

2.1.6.1 Falawnsud

galaunsudifunsuansmnuivieduiuganmitssiudidudasanlag
WAUUBULNUSEAUAERS 9 ei'ml,muﬁy’dLmuﬁi’m’;uqmmwﬁixﬁumﬁﬁgu dudnuazianiz
gaanWludN W8I IANITLINLAIaE LU NG senunsaRaIsanldannn ey
gﬂﬁ 2.5 uay 2.6

dwiunma RGB Yun 24 Tndegnnmusas Channel A uad (We7 Lag
1hidu tuesiidanuaing g Savie 256 sedulaviiendau 0-255 drtugnninusasgnds
annsauansdlauinge 16.7 a1ud

ramn mnssips mabaRMTE e ==
JULIETTE BINOCGHE
2500+
A0
y/ H l
i
ol : | i ]
1030 i ] | i l
| il 1.
i ! R Hi i1 |
iy 3 HERE ! 18t ] i
l![ il
& ‘ : L §
.~ s SR T8 I B : TR
TRt KR owan LI UELRUIE TR B A R
B ® s s v .

U 2.5 fregnnmiasdalaunsuveanindil 256 ngud [17)

JUWLIETTE BINOCHE

e

BR0

2000

D

JUT1 2.6 segrannuasBalaunsuvesnniidl 32 ngud [17]



Tumsdunardalaunsudninusazamazgnanoulnddnmeluamifioan
ifvesnmesuazanaududerlumsdnnmadasnisuisnguiesnidu m 93 (Bins) 3
dnlnaflenld 32, 64 3o 256 89 \fota1nNITUENREEAIULANATWBISERUAEY D
anemuywdianuasidealininin Mvualiaw [ Jwue nxm 90 muas H, uny

PUIUANNALE ¢, Ve [ masuaunsoAnadalawnsudladaunisi 2.1

h(f)=—4= (Z1)

lngii h, (1) Aegalaunsuvedd ¢, vosnm

M Aadunuamelunnmvainisaioulada
A, FBANTNNTITDIN TN

7, ABAILEIIVEIN TN

NASUNSAIY 1, X1, NTRTIINARN I IHan g lun M TngUsyasAiiiayi

Thangalaunsud@duvssingiusasielianinidalaunsudvosnndaiivunaunnansiy
ww3auiieunule

satuazlannwasuudalawnsuduainin f faunisn 2.2

H() = (f?q N —_ ) (2.2)

galawnsudiludnvasianizmsdvaanwideuhuldlussuunsiudiu
amanlvgilennansadnaldieuwsssinsusidedefelinmzdoyaieiunis
nszngvesdmelunmvintulifiveyaiBeiumia (Spatial Information)
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2.1.6.2 Color Coherence Vector (CCV)
N1SAIMUANISRBNAANUYDYE (Color Coherence) Tudnuwuziidusziuds

£

a;ﬂmw‘uaqa’ﬁ?u 1 Wuamndnvesuinaunalveiitdniieutiudenuinauddyiinuiind
\deufnfu (Coherent Regions) flannuddlunisuansdnumsianizyosniniegagy
am 2 amdauandluguit 27 fadalaunsuvesdindeutusia 1 fAinmiisaesiidnumeil
uanAafuaziuinddunsungagis 2 amluuiinailnddesiunwmsiudied
P mwiiiuduas @naenld) nsrasegesnaniien wiluvasiinmmeiuaniiganind
Huduns (@ niderasiinnadu) Tunguagaeiuandymifangn Pass kaz Zabih [17]

AlafnAusnunsianzassngUuuulndfuunAe Color Coherence Vector 13a CCV

A I A v -
)
=

JUTI 2.7 segwamidigalaunsumiiouriu [17]

'
e

CCV Aogalnunsudfinisusudsalasmisiinidudoyaideiiumiadau
wann1ses CCV Afenishannguannwaendu 2 nduAeganmidonfinfu (Coherent
Pixel) uazganmitlsiifondndu (incoherent Pixel) Tnggnnanla 9 aziuganmiiion
AnfufdeilansduszneuiiiFeufniu- (Connected Component) ﬁuawﬂmwﬁ?uﬁ@h
srnndrrasiidmidefildimualigalucnuiteoves Pass way Zabih favualiiien
Tneuszinauminiu 1% vessmuganwisuanslunwanganwivdefezduganm
fliGeudindu cov Wunsiausnsusnnguamiuurasdluamiiosdnganiwdlaild

o s

< & g o oA = qJ
Wussddsznaudrdguaanimialulagi CCV aunsananynnmiiioufniusanain

'
s a

nnmithildendniunasdesiunsiugidanaindedililudn vasiundalaunsudl
anunsavitle
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ccv vaannlngaedalaunsudvesynnmlunguynnmiiauinfiuvas

'
=f

awiduimuald H, (1) flavnnwesiwin m ifunu COV vaanw [ Feruinldain

AUNNSA 2.3

H, (1)={(a.8).(a. B). (@, 8,)) (2.3)

Yafves CCV Walauimguiudalaunsudfetiussaniamlunisaudu
amunniilsiniimsiidngaandililailussddszneuddgaainiwiisliudagldiag
Tumsusruanauinningalaunsud

2.1.7 nM53Ug (Matching)

ﬂizmumﬁuﬁmwﬁmﬁauﬁu (Matching) umitaunisdeansiuszuing
AN LLaB‘ﬁgumaumiﬁwmmﬁu@J’;:ﬂmwﬁy’u%uagjﬁ’umwauauawé’wmﬂﬁﬁq
Localization fvnglduandlaiifiuiinggi Localization tultigniies n1siFeusasiinty
Tnennsldauaifviednsasinumosn wiemafifogd My Localization wazrmun
Aumialaggld msSeuimstugamilunssuiunisousfiiinigdumen A nisadiands
Ay (Dictionary) u,axﬂﬁi’ammﬁazgaéwé’umﬁwLLuﬂ%Lﬁumﬁu Al eIl
annsFeudesiifasnntumesaualiumg

N159&374 Dictionary %f‘guagjﬁ’umﬂﬁmaq Nearest Neighbor Classifier
dwsudvienuanilniiilifioglu dictionary fgarndmnlussuy udfinisdgnm
waznuindldiuiindne fudeyadufieglu Dictionary luduneutiminssoinsseninediiy
SnuniziduraInmegiIniT annasifif nun axyialiinasisiAduiintu Aeszuy
aansoszylihamsadisinsiugiunmsnBdeniosuluy wdfarszosinagaininunusii
fsun Sviotuduesaniy wgniindiludunnandivastuunduddudlng
vosfayavie Dictionary waztiluldlunis Matching nwluadadalufifamuuudidan

N1SMIPALALLAENIS Matching nMwiuazAssldiaiuIuauuin wazalad
UseAnBamalid dalunwmiaziinmaauiweadnisuivrwedeanunisenues
sUTnnfsuLEl asgniiuuUasvnaliviivauinues Template Aiiulilugudeya
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naRInuIinIIvyunnlall Orientation fidenndesiunmlu Template Inodeds
INFUTevRITUALTuMAN

2.1.8 SIFT (Scale Invariant Feature Transform)

Scale Invariant Feature Transform w3e SIFT 1udana3fiunialu
raufnasitudmsuiuinvigaaula (Key point) lugunmnils 4 uazAuium
AudnuaIzYe Key point wiaq fivald SIFT #iensiengaiauluguiiliduegivana ns
fmuafienne fuvis yunstiee tasaing 1 dssgsihlramnsadanldlunsieudie
usiuluzudu q lihetasgnieauiugrundeiu Saneifuigninfulay as.inin Tad
(David Lowe) WvidUniversity British Columbia T4l 1999 n1Usryndldanu SIFT 4

'
at ] '

wanvaty Aty n13331308 (Object recognition) N13a3 19kNuAdIRTUTIN I UEUA
(Robotic mapping and navigation, image stitching), n13a519lulaa 3 ﬁﬁmaﬁmqw%a
Mimdlenw (30 modeling of object and scenes ) Tnevialuudn Key point %mm&iﬁaqﬂ
finwalunmfidnisieundantaedd (Two -Dimensional) vatsediunTuaing (Pixel
Intensity) 58U ¢ Key point iy f

2.1.9 daulsznavvasdanasfiulunism SIFT Key Point Tunwunils

A7UUBINIIATIANT Key Point 88N1131AN1HBUNA (Key Point
Detection) Fsludauiingldyavesiian x, y va1gadiasiiy ey Point §1ax19lunnsli
FeBuneues Key Point Ty 4 lutuneudaly

d1uv8en75liAI98UT8LA Key Point w19 (Key Point Description) lu
duildanesfiuasAuinninnmasesuis (Descriptor Vector) 4RI AIA1Y
advesinalueanudnaseuy Key Point anmesesuiemaniaslilunisieuidiou
Lﬁai’mqﬂixmﬁ‘uaamﬁﬁﬁmﬁwzﬁ (Identity) Lﬁaﬁulﬂﬂimgagﬂumw%u
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2.1.10 mﬁmﬁ'auuﬂaaé’nwngﬂiqw%aiﬂiqé'\waamw (Morphological
processing)
mswaBuasdnnzgUTIvIelaTeinaveanw AonisusEinanaresnm
medlassadrafefiunisusndiudssnevassnwesniiielflunsuanizusns lusmind
zUsznaulumenszAuY1-A 2 A1 A 0 Las 1

2.1.10.1 mM3v818 (Dilation)

153878 (Dilation) AxRarsandeyanmdadunimein-m Wunsueny
amililvagiy Weriudliiuingfiuansmalutunaugeiine Fanmveeingashldlnens
AnundIuUsznaulATase (Structuring Element) wazguadudsenaulassasnelunsiauu
foyanmmusidunasariann lnoidegndusuresdiudsznatiassadavioradiiilnnss
fuswisdeyaniwiviniu 1 asvinisgilieudintssneulassaing Whuteyanwsisgy
7l 28

= o

G e

.........

SUM 2.8 duveeniseng [17]

2.1.10.2 n1s5nY@UAUIA (Erosion)

MIN30UTWIA (Erasion) Liunisnsaurimuiinnuauresing Finnsnseu
i8adefumsuensde afuduusznaulassstunudnilunszsenudoyanin Ty
wdsulunnduminSeuiisuiudeyanm ddoyeiiruviioutuduusznaulaseineay
vimsimuadeyanmiinseiudnisfinsiugadedunie gafidavesdulsznau
Tasesnslviinfy 1 fagui 2.9

................

ooooo

000D OOOCOO0OOCCOD O
OOODDDOOODOODO00 O

coooooooocMoococoo
0O 000 DOOODOODOOOOO

[
o
o
o
o
o
©
(-]
]
°
o
]
o
o
o
]

BoooBOO0O0C

JUT 2.9 duraanisniowna [17]
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2.1.11 Awdsulun1sUadendng (Bounding Box)

'
=

dmdoulunisUadening (Bounding Box) Aendesdimdsud miuia
Fewsouuinty 1 wiouTnadignivuamneiay Fandesdvdouiasdielunisdiun
gaquinats fufl Aueunuen-unuln gafida 1 vesuinuvieinglunmiiaula Tay
913U 210 szuanatuInuAnnIsas1snsounw tnegu 2.10() Aonmingduna-i
dluguil 2.10(0) Aoveunaryarudnans (Centroid) ¥a3ing Aevntiuasdinismunuien
wasunulnvesingdsgud 2.10(0) Mntusedinsmgeiifssssieaingagunansingis
youingfisnifigalnafiansanandusmuuTsnmIenLardILE1IBINLEN (A Lay B)
muveneiidsserinsangaquinansingiseuingfienifigalnefinsannuing
drudreveunulnuazdanrnvasunuln (C uay D) gavnenazlagafinalunisaiindss

dwdegulunsUadaudng (Minimum bounding box) U

LHE Branple ch Ol and bBoard ol sk et £y Mlagorard Mmoe nxes

tedy Lopreer and loweer furthes poinds ey Foug sertives of bounding reetanpic

U7 2.10 wwanufianisasidvaenlunstndeuing (15]
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P ar

2.1.12 nasn1vuanuieaylvdruiidouny (Connected-component

.

labeling)

nMslATeRdIulszneusausnadiimadeudefunasldlunsuenusing
19 9 sananfdudsldmiiouruitdauen Tnedsnsazdmuavunaaaliduiien iy
(Connected-component labeling) duiuAEAl#lunaufiune i (Computer vision)
iie needuinaiidenfinfuresnimunid amd wilaevluldlunimeasidiunis
Uszanananud a1aldlunisiuduiu msnseaasnsiinmu faguil 2.11

& ® [ ®
7T R
S A iy
S P weta

JUT 2.11 wuugn 4 99 WaniuLasuuugn 8 99 Waudu [17]

1 =

91NJUN 2.11 9A919¢58Y ) IATRYFILNIINTING19AB B UTILIINTLUY

U
b 74

9 4 90 Wouunezuuuga 8 9n Weniilaeieuthuiidenduifevauines msfmun
vinoavdl 2 LuuAuuge ¢ 90 Wenfuwaziuuga 8 90 Weudy dfaunndnaiufa &1
Hunuuge 4 90 Geuduegidoneaiiouiuawizuy 19918 991 whivndu uuuge 8
90 Wonruszidansiugaiiagyimissnniumina1sdn 4 9afe faguit 2.12 dvueli
p (pixel) unugAn WA dfiatsan U uuganwindiumianiaga pl uwnuganwd
ageuuiageva9gn p dhndlunwasuuasds antuihnsiusane

ANUTUADUAIT

Juit 1. 9n3uh 2.12 §19e p ldldganmlideuanludiunisdald 61 p Ju
A Binsaaeuanusves u uas | dlufgaladugan il dvusmnsaulwllii
30 p il 1 yaiuganlimimunsiarves yeluudmualige p uadduinndl 1 99
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Juganmannsaumueiaresealailduidivualign p lnsdodmnmuiseuiiousn

as

1

UM 2.12 Shwsdnumisnnw [17]

U

Tuit 2. iladugamsawauludun 1 9an1nmn 9 Inesimneavnuaniguil 2.13
wAueveaaziieuviniy THTIAgumglauiie UM AuAesun 2.14 3antuiimun
wnglaliusasngy

(7
ar

Tuil 3. dmunglaaveaudasnguaintui 2 lununnsiauvenanmiioglungu
2

as as

Wty Aeguil 2.15 dshwannsaulsinieudazaaiideniueonidu 4 nquldd

"

=

Un 2.16

v
s ar

NHAFNENLANFUR 2.13 siunlunsiazuinaasiivungaudiiultd i
[
f

= o

AstiuvsNgIavgIEAn Ao I LU UL ATIReN UGS

]

-,

L E

®3iel ISR AL B

X3

-
wel
L
(531

i

i

°: ®il®7

5UN 2.13 Mgiauueuaaznnmenuduneui 1 [17]



hilnvedayanan nizesundaANIz

Set ID | Equivalent Ladels

1 ha3
2 24 i

SUA 2.14 ngusiuivaneauiigumingiu [17]

E B .2
si{al]l  ezlezles
| a2
T AN RSP
| - ealed
Bs 808

JUT 2.15 MINglavUousazInn WaLud 3 [17]

JUN 2.16 fragyanmazd1umue [17]

144342
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2.1.13 Opening and Closing

2.1.13.1 Opening

iﬂLwaﬂ’mmiﬂaawaammmmﬂ‘ua&m‘w WazN15¥N Opening ﬁ]vmﬂwwm%
YBININDY aﬂLﬂ@ﬂmqmnmumau’;ﬁmi%a Opening ABN15¥11 Erosion naumnuumm
Dilation feaun1s AOB = (A B)OB Sun B 11y Structuring element ﬁm%uammemq
15911 Opening W3guWgUNWAIUATUAUNNAWSTOINTMUAIR1NN19Y1 Opening ﬁ’a‘gﬂﬁ
2.17

() ()

SUTi 2.17 amnasvia Opening (n) pnguatiu () wadwsaina1svin Opening [17)

2.1.13.2 Closing

Duitnsadiuiu Opening asilumsilinmiinisideusefuaniuas
n13%1 Closing wﬁﬂﬁﬁﬂLszjamaamwazgﬂfﬂmLfc'iamiaﬁumﬂ%u 38n19917 Closing Avn13¥in
Dilation N@ W91 Erosion A48 A3 AB = (A@B)OB 1Tun B 71U Structuring
element F9avuanafang 1911991 Closing LW3BUWEU MEUaTURURLENSvaIn™
#A4991nN13%1 Closing ﬁagﬁﬁ 218

(n) (V)

gﬂﬁ 2.18 NIV Closing (n) Awauatu (1) #aawsa1nn13vin Closing [17]
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2.2 S1EUBSINY (Raspberry Pi)

Maweine Ao Aoufiumesaundi iureufumesluvedaiien (Singe Board
Computer) gnitautuludssvaauigewing Tas ns.8iun Swiu (Eben Upton) meld
yaiByawesimg (Raspberry Pi Foundation) witintiumaiuasimsldgniaun il
fisraniien welddmiunsidouvesinfne widedfivuindn awrsennwildazaan
eswnndlesefurenauiinnes uhd uasddueta Asisuaileurauiumesildogily
Juilitagtuldsumnudeneggdunmsiufiniaulusunsudesiu Sntsannseld
NuTwiuszuuBunesinlasndie

2.2.1 Tn598%19909576LU9 55 I

Jagiiusaiuesimeg Iigananeenuniu 3 luna folunna A, luina B
wae Pi 2 luina B widedszAndnnvetluing A tutiesniilumaa B uax Pi 2 Model
B Fuililasumnuientesat Feudaaninusiasndniddsenouvadanea pi 2
van uandlddmnstedl 2.1 wazuandulsznauteITIEUesI INY ﬁ'ﬂgﬂﬁ 2.19

b +
TtEnuEn GPIO

—— Yass USE 2.0

= S *gl;";zféﬁ LAMN A termet
(100 mbps)

Yasdnwbvleag / ._

Micro LUSE
Micro USE I ;

3 Pas BOM wpa AudinoNideo
sl 45y
T4 raw

il o -
Arwanaseuu L 5l

UM 2.19 drudsenauvassiaiuasinig [20]
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A5 2.1 U IENaUAIa Nd AU IELUDITINIEY

gulsznauvan

8800

wneUszulananan (Central Processing
Unit :CPU)

Broadcom BCM2836 900 MHz, Quad-
core

nsAn (GPU)

Broadcom VidecCore IV

5¥UUUHUANNT (OS)

Windows/Linux

SH(RAM)

1GB

SEUVIALa (Video)

A1U15DLYINDTEUUNWIALOHIUNIIND T
HDMI, Composite RCA

SzUULEL (Audio)

ANUNINYDUADTEUULALIHIUNIINDSH 3.5
mm jack %38 {unawesn HDMI

wasngLeal 2.0 (USB 2.0 Port)

i1 4 wosw Wlun1sWenregunsalnieuen
v Aduase Whd Wy

dudeudodaisa (Networking)

HIun1enasn USB LAN lagagldinnssiu
RJ45

ANUUaYa (Storage)

2 I3 o/ '3 2 1 .
'i]ﬂ‘UﬂﬁLﬂU‘Uayﬁﬂﬁﬁuﬂ’ﬁﬂ “LﬂLLﬂ Micro
Sd Card

A uaunalWidea199s (Power Source)

glrinssnansafiszaunsieu 5 1ad law

suvnanadalulasgwad ( Micro USB)

YU

8.6 x 54 x 1.7 cm.

2.2.2 wasndunaeinnalunyszsen (General Purpose Input Output :

GPIO)

AuanAnlannudnagivesnavaiineife arulangulunisiteude

fugunininiguan lnglanizededaiuguninididnnielindlasdisasain lnasiauess
wglinesndunmeAnnaiunUsEasA d1m5U Pi 2 Model B duasiisuiuvisdu 26 11 lag

Usznaumevmeindunaiednaidneaund, videusetaloaunsd was waiile Juili

Tawesimgannsnlisusiogunsaidiinusetindlaedramarnuats Fanisdadesnves

wesndunnewnRelunUIzarLanslafagui 2.20




21

Ping  NAME Connection Connection NAME Pin#
01 3.3V B O  5v(Cupcade) 5V 02
03 GPIO2 © © | 5 (Powerboost) 5V 04
05  GPIO3 © © | GND (Powerboost) Ground 06
07 GPIO4  START 00 = cPois o8
09  Ground  GND (Cupcade) | QO © GPIO16 10
i1 GPIO17 UP O O | seLecT GPIO18 12
i3 GPI0O27 DOWN O O GND (Select/Start) Ground 14
5 GPIO22 LEFT O O mGHT GPIO23 16
17 33V 00 A TN\ P02 18
9 GPIO10 B © O/ GND(ABXYR) - Ground 20
21 GPIO09 X 00 v [ GPIO25 22
25 GPIO11 _LShoutder  |© ©| RShoulder - GPIO0B 24
25 Grond GNO(L) - OO -~ Gpioor 26
27 ID_SD 0©| ID_SC 28
29 GPIOOS 00 " Ground 30
51 GPIO06 00 GPI012 32
33 GPIO13 00 - Ground 3¢
35  GPIDO19 00 GPIO16 36
37 GPIO26 00 GPIO20 = 38
39 Ground 0 0 GPIO21/ 140

JUT 2.20 NsaniseanIvamaindunaiaIannaunysyad [20]

2.3 Slun (Remote control)

3lum (Remote Control) Wiugunsalfidnnsedindviiavil Mviwthitdaugunsal
wiaddlniaeg ansseslng Eﬂ%Ela‘ﬁﬁ’N?J’lﬂLﬂ%ﬂﬂ“ﬂﬂﬁ’lﬁﬁmm%ﬂ’mﬂmﬁENLﬁﬂﬁaEJ
wu melusyesl-30 wes wieslumusiaunsednuldlnadusssemavaneilownsh
la ﬁuagﬂiﬁ’umiaaﬂLmuﬁaéﬁiumxﬁamﬂﬁ FoaUsznouse 2 33 fio 39d wazsana
deyannsiassnly
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2.3.1 s%d (Code)

o a

5%& (Code) ailudneunnuuuiiinea Jeazdseanluladasidimeanly

2.3.2 fwdyaaeanty (Carrier)

s et

13U

dmndgyaueanty (Carrer) Wudenan viadulaunisiasanlugins
enaamiauarlisianaeald lumunuaadldlniiing g wie winlueriasiuing ffe

9
VYIS LA D URBNUIINEINATIULDS

@

wndryayns Tutlagtuinwueglu 3 dnve fe

E
[ s

-wuuldansthdnyyimu FWllvasraduaeiiun nivenstindyniulnensy

Luuldwasdudinild A5Uldn1snansvaiuwas 913azdunasfian
ATy Wy nsFeaisHulennd wianasfiniuasliiu fauaedunsuse (Infrared) 19y
Slunvean

wvuldrawingitudimly 3Bdldnmansiadanuaruiing wu aanil
d9dng Maduuiadn (AM) uaz 1evidy (FM) nsdalnsviad Slamasuaunisdnlinuseg
Tnilisinuuazsoeud Slunfinauauuenauilipduing WWufu

2.4 Msdsuaznsudyanadunsise (Infrared)
2.4.1 Sad8unsIsA

ﬂﬁuLLajmé‘ﬂlw“ﬁwﬁﬁmmﬁag’tuﬁw 101410 1B3ndvianueIniy
Ussunas Tmm-1pm 13097 Sed8unsnisn wiesendnagianiain pduninuidu
(Millimeter waves) uasdnduaiuutimdnlndadidianudsniuadinuandiu d1ue
sunsnIaAumatudunse ldaunsadhuingfiuuas wazannsoasviousadlutaniusau
Imfeurvasinluldunnlunisdeasizering auautRvuguewadunsnsade 1y
pAudu nMium e aniudunse 719N desensHan Uaendesionisandynin L

' as =

vegruingiivuaniliaunsofasluiuiddavievesdaiulatdues uansdsgun 2.21
Hleahepuantisevesfddunsuinimunzuinsldnuddinsssyndiunldiusgns
wnsnanglulagtulagdlnaiilugunsainisiudidnnseling was nmsdearsidu Slum

Y o A A o ' Y . o -
ABUINSavas Wsvir, Insdwrilete way ndasdasalng Wusu nsidunsise Wuedy
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dsiilanauudwinilifidgwilusesmssuniuvesdyaalunmsduaznsniuay us

@ a day o oA oA I a & o W
aadursisaiiideds Ao msgouassnuvdsdusuniuty uasending wadl Wudy

UssgndldadudunsnsnaziBunisysrendldluntsdoarsuuuliay (wireless
communication) tunsauangunsaliazasldvin Tnensasdygyiuriunis LED (Light
emitting diode) laeifivads (Transmitter) %38 laser diode Lagazildasu (receiver) ¥i1n1s

- e hcrensing energy -
rcanemsing wovatongth 5
ﬁﬂﬁ}?i am .07 nm 10om 1000 wm 001 cm Ef;m igm 'E(Jl?m
Damema ovs Regs iif; Inbrorrad Ffaltié::se ey V
Rodar TV M Apd
T T P,

g ) Viskls bght

00 am 506 mm &0 om FO% et

Ui 2.21 Electromagnetic Spectrum [2]

U

2.4.2 Msdauasnsiudyarniainsluvaouinsaiiuduvsuse

nsasdueradunsngnan lunasulnian1udunsiien Ae ANg

wasdyaadeyalvinduludumiioudeyaduusnuSedoyasumiues
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2.4.3 drygnadslunasulngauinsgIuduys

FlundRedugelintasgrudmivnisatvanineldflunasulnsadu

dunTInlundndusivemuismamun Asansluguil 2.22 uay 2.23 lnauvsesnladu 3
sULUUAD

1. Start bit #iA1%UII@7 4.5ms ON way 4.5ms OFF

2. 32 data bits stream

Usenoume  bit “1” fiAwiaeaan 560 us ON was 1690 us OFF
bit “0” §ANMULIAT 560 s ON ey 560 ps OFF

3. Stop bit JAII31387 560 ps ON wag 560 ps OFF

- Configuration of Frame
1st frame

' Lead code Custom code Custom code’ Data code Data code

)

ofeifezicafskes

=

| 45ms | 4.5ms c-ulm c2 c:;lu{aslcs!m ufinrlmlnzimlm Dsimim &lﬁl[}?&lﬁl& 05|

Dzib—%

U 2.22 Feyalndugsuuyinnggiu (7]

- Bit Description

Bit 0 I Bit 1 “End I

0.56ms : ;. D.56ms 0.56ms
—— T e
@ » . »
1.125ms : : 2.25ms ;

P

JUN 2.23 Jayasuduyaiuuinnggiu [7]

o

o
lunsdsdoyadygaaslidyyiuniunvivuin 37.9 KHz Salufudygiudeys

@

= <
s

Ingiiaziidoyaviavun 32 Jn Wevzdinaviudiadn START U9 9 ms 9nuuAAIy
me dayavuin 32 Jn dnvurlasiidyginvesdeya “0” Aovslidyyia low w1y 560

o L%

us WarER ey e high Uy 560 us @uveya “17aelideyeyas low w1U 1.69 ms Wae
dud high WU 560 us
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2.5 lalaatUasuds (Light-emitting Diode)

Ialenwdaandugunsaiansisiitedmils dnegludmanlalenfiaiuise
wWawadlutuanniuuay Wegnlusamsliilufiamdludramd usingmsaideglugy
184 electroluminescence Fuasuasiiaanuiuiusgivasdusznaunaniivestanfia
Fniiild wasawadlilndtiadansilalowan disuasiiueiiu wazdadussiee §imun
alonamaduiuauusn e Gn Taladn (Nick Holonyak Jr) (fin A.¢. 1928) wiau3om
\sa 818nM3n (General Electric Company) TagldwmuilalenUduadlutiuasi
oy uazanunsoldruldludnjomduntiuen de e 1962 winmsiouremasn
LED viaan LED vi3olalenwdues Tnssasyusznaulumeasiinitassin (a1siafih
viia N wagansnadiindn P) Usgnuidhdeiiu fndmiadsuadisnsyandediglui
nsguan 191U LED laadnalvuantvivuelun (A) dralvavliaamalvs (K) vl
Sinasouiansfsiatheda N ﬁwé’muqq%u JuasaiLsessenasyia N U
fulealuansedn P nsiididnnseuadouiidiusesae PN vialiAanseualye Wunali
5sﬁuwé’amu%a5Lﬁﬂﬁ‘iaul,ﬂﬁaulwazmawé’amuaanuﬂugﬂaﬁuum Fupadsiiiinan
sevraasuogiuniinverianiuulilunsaie LED Husdadiduresmauasfing wu 14
wnaLdienaalia (GALLIUM PHOSPHIDE,GaP) vinlviiinuasdias ldunadenea@lud vea
In# (GALLIUM ARSENIDE PHOSPHIDE,GaAsP) ifinuasdindauay e nsaiuauusuim
uasainsasAmLAUnsTUailatuvasn LED wnnssuadinaganntvasiilinaoniining
adann wimntisunszuaganluazilbiinusessovesmsisnininamudouliua
wnawinlilassafimeeadanaglyamisaldulddn anuerapduvesdnicques
Inleaasnasnansdantsnad 2.2

MITNA 2.2 VIANSIUVDILALaataduas

| W3

430 T 450

| fup LED PsunnAson Gaas]
Fuslsuza >~ 760 Aveaig
4md 610 T4 760 +.63 fs 2.03
B & 59054 815 2020210
wifne 570 f1 590 24089218
| g 500 T4 570 198940
¥ m . o0
WA 450 04 500 2480m 37

2
276348

Farivinlalan

- 408

I
310444

e

gruning

35
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2.5.1 anwuzV9A2 LED

LED 929119710815098717 P wag N lagazdl 2 anlunisldeu endduung
Usslnm i LED wuulvidaesdluraamieinuanaazdl 2 a1la) Ingeves LED axiivaiSan

fatl
-1 A wIalsEnSenI19 1lus teevndazdasdaulwuin (+) Ty
-1 K w3a9s1iinisenin walnm leeuilazaastaulway ) Thvingu

787 LED Luunaanazdunminaziisaguinatniuniy eaniludiumussasuiniagians

Y
=l 2/

Auvitian K ud Suilidnduateluaiunisiifisiasnsinaeufesiensind fazey
Tunansguiegadnumisnasn LED AUl 2.24

3U1 2.24 gUnansdnuzveviaan LED [2)

2.5.2 Yafvasviasn LED

fiuseAndamnsilasainegs uasienauasainmes LED avdesluianis
éf'lwfhLﬁwﬁuamﬂﬂﬁgml,ﬂﬁwaaLLaaa’iw Tdwdsauties nudenisduazifiousasuss
nszunn Sevmnzandmivianiluaiesduviesasud annsadalnldvesnds wasilods
wliuasairdlneviuil o1gnisldanueniuiuiia 100,000 H1lus awnsaruauAmAMLES
wasiivaeseanuildfeannsotluldlvuasadnsluunsaaudle Wy nsliuasainesu
amdey esnannsomuauiasainen LED Lildldumanvesuasiiiudunsiose
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MW Wy wasdurian wazkasgassililaian Yassaiuisusenundesunn vitlvian
nsgademdsnulwiiludiunissiveinia nrsguainus davdniut aunidn
fadriinvasvana LED lunisimasn LED uildnufesdinmeseudin wasioanuiiy
wasdfignénavielsl 1 masn LED faganimaenvigesisawusiaguin

2.6 nqufiUssduvesladiuas 555

el

ladiwes 555 Wuledndeuldnuunnlunisiiluasedyaiusafuwuunieg w

v By
FryyaanaIiian (Square wave Signal), dyeuneuwad (Pulse Signal), dyaimann (Ramp

[

[ =

Signal) uaraasianan lefiwes 555 Wugunsainssiuidigunsaididnmsaiindduqer
melu uasiidwiiieswoneusntiieauaunisito waglfnududnumeingdsede
MLy washerensaeduaaRadauineg SnndiEnsatdilanisiauld
$18 JUT 2.25 aglanasvTuasaulEnauresiediuas 555

!
o ‘T‘T"rm
=

(3)

3
- 3
(1) R Q o]

(6) 2 R FF [

%
>1(2)
nb .
SR B
(%)
e!
1.GND
1 O u B 8 2.Trigger
2 7 3.0utput
] ] 4.Reset
3 e LM555 . & 5.Control Voltage
6.Threshold
4 5 7.Discharge
N B 8.Veco

JUT 2.25 1aasuazdiulsenauvaslediues 555 [2]
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MsiursneIfiasennladiues 555 wlweendu 3 1asha
1. wasluluada (Monostable Multivibator)
2. 1aTagawmLla (Astable Multivibrator)
3. yasluamibasiaflitusimes (Bistable Multivibrator)

Falulsyadnusiuuladenldifio s 199sezawmida (Astable Multivibrator) Tu
nsaAuBeagULUULFEen

2.6.2 2995azawmiua (Astable Multivibrator)

NAT0zEanUAND9ITATIE Y IELAQSIAN (Square wave Signal)
audiannsaf mualdamaueInIs MeRAIUItne s wavA1ALAILYIY R LaY
Rs Inelunsaslusuil 226 uenanazanunsafmuaad LivesdyanaLafion (Square
wave Signal) #7861 C a1 Rr = Ra + Rs LaI8 0130792 muUa129387 “ON” way
“OFF” Ya3dftyaunaiseafiuanaeiuaes Ry uaz R 1680

Vee
“ 8
7 V3 Vo
iz

LM555

JUM 2.26 UaR33993 Astable multivibator [8]
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MANNIN9Y

1. lindnmaiiudszauazaedszquesmuifwmestneasnnisifiulseaniu Ry, Re
wazazAeUTEHIu R Uae Tr meluasnsad

2. uuzaU1Bwesiiuyseqaulisssiunsaiu 2/3Vee vnstulsaiu 489 Vo = Ve
YuzinUTneiaeUsegeeniinussfunnasoudivnein 2/3Vee 39 Ve/3 Jmusiunsinu
909 Vo = 0



uni 3
N1599NLUUKAZNTININUI I inus
3.1 nMsaanluusTUY

ufenlaezunsunsvheuvesgunssinupuinsimilagondonisuszananannuas
vinnalle uanasagui 3.1

S NN e e PN W DS NS MW MM M SO VAR T AS WG NGRR SO AR NS W W G G S MM W O TGN G R RN AR BN BOSY NW gy

Microprocessor

e
% i
& ll—* Hand Detection 9 Hand Gesture

Input

R SR R WON NG NN SR S OO SN SN DO WSS NS S5 S NS MWS WY WS MR NS R R

Tavia ok shni ek il ans sk i
: e .

»

5 i
£ i
Transmitter ("—4 Microcontroller

Hardware :

sssssssssssssss HEBE KR E AN

FEEMEATAAREEERE

EEEmERE

Software

U WA B WA WA T WL W VO NN WS A GO I NN RS B BN N S SR S TGN WO MRS R

0 v W -

TV Screen

JU7 3.1 vlenlaesunsunisinaussgunsaimuauln sy
lngafgmsUssiianan mYamivnele

INFUN 3.1 uansufionlaesunsunisiinuvesgunsalruguinsiind lnatusu

o

veinnauesInegasiuteyanmannndeaiuwauuvinn1sUssuianann 91ntuasyins
wiandudeyaddsluguuuunineg wdrdwialudilulasaeulnsamediiievinsadsdyno

L)

[ ]

Wadvesudaz JUkuuAmamlasuunannIsUszanananin wioudsdanueulalonauas
aruAunsvin
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3.1.1 N159BNRUUATUTBNALIS

4
=

N3UA 3.1 .Wumsesnuuuszuugenduisuas snsawisvealiyadnusd
Fezuvansvhnuludnveinisuszanananin uagaunismuauingvied laglnaivise

MNYNULDITEUUIAETINALUAAIAITUT 3.2

AINAINNAD

Webcam

A15USELIANAAINEL D

l‘Lsu'

lulasmaulnsatans

v

[

dvdyeauatiouslumiiioniuay
Ingvimu

\4

v

dugn

3UT 3.2 Iadndnmsvinaueesssuy
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93Ut 3.2 dudelrtafundamevhauvesssuulnesin TaeduiululasTusiaiges
awhmsiudeyanmdnmanndesiuuausnuszmnananmifieudiuasiuyamdusiay
sULuUresdnwazrinndiiie Mintudindoyaddiludslilasnoulnsamofifieasns
Fyayraiadaiusluuuioyavinnisquivdyyiuiadainud 38 Aladindiaiiean
199sovamida (Astable Multivibrator) A28 AND gate wiaudsdaasitulalonuaias

ieluaunulnsvia

3.1.1.1 mMsganuuumuganAwISamsuUsTIIaNan I

91n3Uf 3.1 ludiuves Hand Detection lilinsuszuananwidneasin
ameieildfuinanndsaviimsidunsiinszsinnifioiyud Tnsasuisdnuuzns
nuesniluaesdiufie dauusnssymidiuniwesiiie wasdinusansinssidnvas
vasilofiusfamdsmauaunsiind Tnefiddutumsumsrinnudagui 3.3

BuAU

3
'

NWANNNABY Webcam

.

Taila

ATvaeuIniiniiont
Tuslsuvsalal

wilasndu HSV

}

WasuwUasanwauelasasnauasnIn

'

mlasisswessuiniiauasdnduiinen1sean

JUN 3.3 Wadynsamamedwnisvashiloluamn
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N3U7 3.3 dinmdunaiilaainndes Webcam uvinnisudasliilunimszuud
HSV uazldinddeuilamefinmiuauszAuANasBEAYIBUNN WiBUINTIwandy I
JUNIU

Juasunisulasnnliduniwluudleedsnisimsylaan

mﬂgﬂﬁ 3.1 lud@2uv99 Hand Detection Lafin15nsguIunis background

subtraction %3838n15vwmstlaad Fudunszurunieildlunisueningiiaulesenainamw

v W
L |

Nunas laedagiaulaluusynrdnusivuasaind e F99zuaniduaaunIsiIIues

ﬂizﬁmumiﬁﬁhgﬂﬁ 3.4

PIANNTULIAR

A7 8 ANLYATY heimaAn 1
11NNINAINTYLaan fin L

Tailad

LafnaA1 0

- bl I S
RICHINIRIDE RN

!

17
2/

AugnTayaN N

A

JU7 3.4 WadvsanmsvinuresnsuwasmwliunmluunilaeBnanslaad
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U7 3.4 lduandliladndanisiheuresnisulasninlidunwluwdlagisnis
wisalean lnesuanyiinmsmaaunnlagdsismsmnvaursan i wazidasn imiuninlu
U5 WaUIA WLt NSNS S huLUlAR

UADUNITNSIVIVANBULVBIELD

I3UT 3.1 ludmves Hand Gesture Wunszunmiaildlunisnsadudnvuzves

'
o ar <

dhilaeldiduddimuiefinruaninsvimilugluuusngeg Fsaziandunoun1sinnues

n3EUIUMIURIgUT 3.5
SuAy

ATUADLLOIUDIUDUN WU ULAUT

19838 Freeman chain code

WIRBULINTEAa

X 4y (Convex hull)

s

&l [
MNIABUINTALNRNY

(Convex defects)

MMINRAUTATIYUTgAYRIN T
(UinaUaeihuazgassriwaneiinveiunazsiln)

'

YINNSNIBINUNADUING

Adnddluaulanan

il

U7 3.5 Wadndansnsadudnuaeveiie
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U 3.5 lduansliaininmansaivdnvarveshile lnaFuduaiamdmums
a3 dolneNIITUIANIEVBUNINE A RSN TEUIUNSTRINT LU LULAR Lazyiin1snTan

aiiudazvoslateila uarseniransimiendsntegavansiiveusiaviinie Avgui 3.5

3.1.1.2 NM3BeNlUUAUTaNALISEmsuAuanlnsiial

913U 3.1 ludruwes Microprocessor Wialdvinnsugndniioaanainiiu
ndt wasnsmdurouiisveshile wethluvmgmeunsesdudiuiuioudoufitan
wuaknusIUTssn sl uasRifam A LAUTIVIE I s ILA 91nuthAR TRt
apsAnauiuiiomardiuisrasfifanuuuinnusuiiasuluvesnwiao sy Sadnan
dumsesfifafiudsundadumnay 150 finwa agvihimsdsdaaduantadngviamd s
fendussesitaTidsusdaslufidwnnnd -150 ﬁnwamzeiaﬁ’mmgmﬂmﬁwz&m lngz
WARINTWATRE NN T TULAE Il sa é‘]’ﬁgﬂﬁ' 3.6 - 3.8 HIUAINU

160 i 160 80

(A) PMNLERINITAnYRdNSYiFY (@) AINNISHENINISLALYDIINSIFL

JUT 3.6 JUBUUMSIILBsMsL-antodlnvia

Y

AAUIA 1 WURTLAUSRN AR LIS IUTDIN TN TLLA

FAAUIT 2 LU IWALIRNAA UL LIS 1 UTB AN U T
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dienwenfisaglufifaniuuuiunuds 0-160 finwavessann lUsunsuay
inmsdsdyaduiinszaudss uidawdlesgluiianuwwiunuia 360 - 480 finwa

29990079 TUsunTuIEinTasdua uanseAuLded Fezianinniieg1ensineny was

Wladunin daguil 3.7 uaz 3.8 anuddu

480

160

(N) NINLARINITARTSAULTLS (V) NMIWLEAAINISLALSEAULASY

JUR 3.7 gUluumsiiauveansiis-anssaudedln s
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LSUAY

v
O
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LNHLEEN

il

AnLaAe

5UT 3.8 Wladvniansiii-andas kagnisuduiis-anseauidedingviay
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JUADUNITVINNIUYBINTZUIUNSHATUINNAN S DL EIAN §q1ﬂ€1'q1uiﬂiﬂauim'ia Lﬁa‘;:

105U 3.1 Tudruves Microprocessor Wudunaun1sinssinmdnsasiimm
vasdiaulaiinisiigainneuudansihnntduiiuviuge Fshuugeaiilduulaneiaduaziiun
i Inanadnsldzifuiudimeldlunmsaiuauinsviend fegui 3.9

Tnuauuiiien

PulafiAdane 1-5

Taile
fimwiniu. 1 And 1
Judnnu
Iauulizilia Sy 2
HAOWIN 2 | vt
fAwinAy 3 ,
> NAYu 3
Inugauuiniien
AN ¢ LA 4 ‘
AAIRILA 1-5 oy nAYu 4

AN 5 At 5

5UA 3.9 Wadvsanszuiunsfiansanandhile Wwedsmdsludidlulasaaulvsaaes
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n1soanLUUAMUYaNdwITamSunIsAdUAuInsTia

913U7 3.1 Tudruras Microcontroller Hundsainszuulszaananinldviints
Usunananmdnsaesiimsadndeyannuesanaesimeludoinerigluiorings
a%’wﬁzgwmmwmﬁagaﬁﬁwm’hﬂéfuiqu‘z’?mLﬁuﬁmmmﬁaﬁ%w:ﬂﬁlﬂua@,amﬁuﬁmmw
Wadanwd 38 Aladsnd uansdsguil 3.10 uazuansiedrimaideuseseuingunsalludiu

Microprocessor wag Microcontroller 1@ dagui 3.11

L3

W
\I/

Sulntayaainsauaisng

(—\

h 4

/ J\H\ ails

Lﬂuu aveyavialy N
E
AP /

/ High 0.56 ms, Low 1.6% ms /

atuin 1 /

High 0.56 ms, Low 0.56 ms /

f1duia 0 /

measedgydluaiiou

o

sU#t 3.10 Tadndmnsasedyaaiadvesuesa Arduino
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3.1.2 N159BNLUUAIUENTALIS

3.1.2.1 NM399NUUVNATANUANBAZ YIRS 38 KHz

Tuniseenuuuiasasedyaiadluliyaiinugildldlodwas 555 o
vimsadrsanuiinnud 38 kHz Fudupdunivivesdygailumaiiou uansfaguil 3.11 vh
N153AT12Ma11UNNT charge Wag discharge Capacitor 12a11un19 charge- C 990 0 i
Vee/3 Taan t; 2zlain

NEAUNS
AGER S (3.1)
WU V() maratluns charge- € 970 0 59 Vee/3
Farhuasld t, = 0.405 RC (3.2)

wazialun1s Charge-C AR 0,89 2/3Vec 1419817 1, Avdidianiunis Charge-C 310 0 &4
2/3Vce Yaaglein

w V() areailunis Charge-C 3100 e 2/3Vee

Fodunels t; = 1.098 RC (3.3)
WAYAIN Ty =17 ~ 1, VIAITUNUAT t; Uaz ©

Saiasld T, = 0.69(R4 + Re)C (3.4)

vIa1luni Discharge-C A0 2/3Vee 819 V/3 Tnwil T, Wunailunas Discharge-c 310
2/3Vcc 53 Vcc/3

NEuN157 (3.1)
WU V(1) Wag Ve fananlunis Discharge-C 210 2/3Vee 819 Vee/3 Waswiaunng
Fotuazld T, = 0.69(Re)C (3.5)
WA T = Ty + T VIIN1UNUAY Ty wag To 9zla
T = 0.69(Ra + 2Rp)C (3.6)

Tae?l T Aanawianuaildlunig Charge-Discharge-C
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Fataun1sALEAe
F=1/069%Ras+ 2Rp)C (3.6)

Tuitinesnsdyauiadaud 38 kHz Falamuunan CRaRs Wialvilaaudauiidenis

wazaiilafe
Ci=1nF
Ra = 7.5k
Br=154

wazynsunuAluaunIs F = 1 /.0.69(Rx + 2R:)C 2ty

F=1/0.69(7500 +(2x15000))x1x10"

F =38647.343
F = 386 kHz
¥ Voo
B 4 a
o -3 Vo
:‘";: 7 i) LIMESS
! Wl | |
g == g
Poole A e i

o

JU 3.11 vevasndaaaiadiislediues 555



42

3.1.2.2 299583 Na s el

mngﬂﬁ 3.1 Tudiuvas Transmitter dmiurasadedyauvesamaiiou
the W¥leTiues 7408 ¥mthiiiiu AND cate stwinsdnanaiadaiud 38 kHz fadain
Naﬂ,ugu'ﬁ' 3.11 meé‘f@@mﬁ’aéﬁauuwﬁmmﬁm%‘luwlmﬁﬂﬂﬁﬁ%’wmma%mm‘%@lu
dyynaslimadiouiilfazgnasinlalenauaniiomumpilnimifuzuandgui 3.12

Transmitter

IC 7408 4 .))

Digital Signal

LA 4

Carrier Signal (38 kHZ)

FIFEY
TIET

JUN 3.12 299585 ndyaaslum

3.2 \asasiiofildlunnsnaass
1. yalunavasalilasaoulnsaiaeionsalu su UNOR3
2. vadasaesinig (Raspberry Pi)
3. leBues 555
4. ledwas 7408
5. ndasiunAw
6. SluvnsvimiBviadues

et ot ot

7. VAU UNTIIAEILYT TSOP 4808

o

8. AdIdIUBUNTILIA

g
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3.3 NISAUNANIINAABY
3.3.1 N1SNAEDUNITATIAAUAMNENTTD

lummeasmsafunmeiiisnnndss agvinisiunmdunaainndesiu
uay uiwdantlunw Hsv sntdumansilsadlaonisimunveunuesin H, S uag V
diausnamifiosenaniunds wntduthaminfeldinusuusnmameitunszuiuns
WasuuUaalasesnaweanIngae Erosion waz Dilation Lﬁaamﬁmwﬂmumu NAIINHIUY
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OpenCV Reference

createTrackbar

Creates a trackbar and attaches it to the specified window.

createTrackbar(const string& trackbarname, const string& winname, int* value, int

count, TrackbarCallback onChange=0, void* userdata=0)

trackbarname — Name of the created trackbar.

winname — Name of the window that will be used as a parent of the created

trackbar.

value - Optional pointer to an integer variable whose value reflects the position
of the slider. Upon creation, the slider position is defined by this variable.

count — Maximal position of the slider. The minimal position is always 0.
onChange — Pointer to the function to be called every time the slider changes
position. This function should be prototyped as void Foolint,void®); , where the
first parameter is the trackbar position and the second parameter is the user data
(see the next parameter). If the callback is the NULL pointer, no callbacks are

called, but only value is updated.

userdata - User data that is passed as is to the callback. It can be used to handle

trackbar events without using global variables.

The function createTrackbar creates a trackbar (a slider or range control) with the

specified name and range, assigns a variable value to be a position synchronized with the

trackbar and specifies the callback function onChange to be called on the trackbar position

change. The created trackbar is displayed in the specified window winname.

Imshow

Displays an image in the specified window.

imshow(const string& winname, InputArray mat)

® winname — Name of the window.

image — Image to be shown.

The function imshow displays an image in the specified window. If the window was
created with the CV_WINDOW_AUTOSIZE flag, the image is shown with its original size.



Otherwise, the image is scaled to fit the window. The function may scale the image,
depending on its depth:
® |f the image is 8-bit unsigned, it is displayed as is.
® |f the image is 16-bit unsigned or 32-bit integer, the pixels are divided by 256.
That is, the value range [0,255*256] is mapped to [0,255].

® |f the image is 32-bit floating-point, the pixel values are multiplied by 255. That is,
the value range [0,1] is mapped to [0,255].

namedWindow
Creates a window.
namedWindow(const string& winname, int flags=WINDOW_AUTOSIZE )
® name - Name of the window in the window caption that may be used as a
window identifier.
® flags - Flags of the window. The supported flags are:

O WINDOW_NORMAL If this is set, the user can resize the window (no
constraint).

O WINDOW_ AUTOSIZE If this is set, the window size is automatically
adjusted to fit the displayed image (see imshow() }, and you cannot
change the window size manually.

O WINDOW _OPENGL If this is set, the window will be created with OpenGL
support.

waitKey
Waits for a pressed key.
waitKey(int delay=0)

® delay - Delay in milliseconds. 0 is the special value that means “forever”.

The function waitKey waits for a key event infinitely (when \texttt{delayN\leq 0 ) or
for delay milliseconds, when it is positive. Since the OS has a minimum time between
switching threads, the function will not wait exactly delay ms, it will wait at least delay ms,
depending on what else is running on your computer at that time. It returns the code of the

pressed key or -1 if no key was pressed before the specified time had elapsed.



Imread

filename — Name of file to be loaded.

flags — Flags specifying the color type of a loaded image:
O CV_LOAD IMAGE_ANYDEPTH - If set, return 16-bit/32-bit image when the
input has the corresponding depth, otherwise convert it to 8-bit.
O CV_LOAD IMAGE_COLOR - If set, always convert image to the color one
O CV_LOAD_IMAGE_GRAYSCALE - If set, always convert image to the
grayscale one

O >0 Return a 3-channel color image.

@]

=0 Return a grayscale image.

O <0 Return the loaded image as is (with alpha channel).

VideoCapture

class VideoCapture

Class for video capturing from video files or cameras. The class provides C++ API for

capturing video from cameras or for reading video files.

Erode

Erodes an image by using a specific structuring element.

erode(inputArray src, OutputArray dst, InputArray kernel, Point anchor=Point(-1,-1), int
iterations=1, int-borderType=BORDER CONSTANT, const Scalar&
borderValue=morphologyDefaultBorderValue() )

src - input image; the number of channels can be arbitrary, but the depth should
be one of CV_8U, CV_16U, CV_16S, CV_32F" or "CV_64F,

dst — output image of the same size and type as src.

element - structuring element used for erosion; if element=Mat() , a 3 x 3

rectangular structuring element is used.

anchor — position of the anchor within the element; default value (-1, -1) means

that the anchor is at the element center.
iterations — number of times erosion is applied.
borderType — pixel extrapolation method (see borderinterpolate() for details).

borderValue — border value in case of a constant border (see

createMorphologyFilter() for details).



Dilate
Dilates an image by using a specific structuring element.

dilate(InputArray src, OutputArray dst, InputArray kernel, Point anchor=Point(-1,-1), int
iterations=1, int borderType=BORDER_CONSTANT, const Scalar&
borderValue=morphologyDefaultBorderValue() )

® src - input image; the number of channels can be arbitrary, but the depth
should be one of CV_8U, CV_16U, CV_16S, CV_32F or "CV_64F.

® dst - output image of the same size and type as src.

® clement - structuring element used for dilation; if element=Mat(),a 3 x 3

rectangular structuring element is used.

® anchor - position of the anchor within the element; default value (-1, -1)

means that the anchor is at the element center.
® jterations — number of times dilation is applied.
® borderType — pixel extrapolation method (see borderinterpolate() for details).

® porderValue - border value in cése of a constant border (see

createMorphologyFilter() for details).
cvtColor
Converts an image from one color space to another.

cvtColor(inputArray src, OutputArray dst, int code, int dstCn=0)

® src - input image: 8-bit unsigned, 16-bit unsigned ( CV_16UC... ), or single-
precision floating-point.

® dst - output image of the same size and depth as src.

® code - color space conversion code (see the description below).

® dstCn — number of channels in the destination image; if the parameter is 0,

the number of the channels is derived automatically from src and code .

The function converts an input image from one color space to another. In
case of a transformation to-from RGB color space, the order of the channels should
be specified explicitly (RGB or BGR). Note that the default color format in OpenCV is
often referred to as RGB but it is actually BGR (the bytes are reversed). So the first

byte in a standard (24-bit) color image will be an 8-bit Blue component, the second



byte will be Green, and the third byte will be Red. The fourth, fifth, and sixth bytes

would then be the second pixel (Blue, then Green, then Red), and so on.

The conventional ranges for R, G, and B channel values are:
O 0 to 255 for CV_8U images
O 0 to 65535 for CV_16U images
O 0to 1 for CV_32F images

findContours

Finds contours in a binary image.

findContours(InputOutputArray image, QutputArrayOfArrays contours, QutputArray

hierarchy, int mode, int method, Point offset=Point())

image — Source, an 8-bit single-channel image. Non-zero pixels are treated as
1’s. Zero pixels remain 0’s, so the image is treated as binary . You can use
compare() , inRange() , threshold(} , adaptiveThreshold() , Canny() , and others
to create a binary image out of a erayscale or color one, The function
modifies the image while extracting the contours. If mode equals to
CV_RETR_CCOMP or CV_RETR FLOODFILL, the input can also be a 32-bit
integer image of labels (CV_32SC1).

contours - Detected contours. Each contour is stored as a vector of points.

hierarchy — Optional output vector, containing information about the image
topology. It has as many elements as the number of contours. For each i-th
contour contours(i], the elements hierarchy[i][0] , hiearchy[il[1] , hiearchy[il[2]
, and hiearchy[i][3] are set to 0-based indices in contours of the next and
previous contours at the same hierarchical level, the first child contour and
the parent contour, respectively. If for the contour i there are no next,
previous, parent, or nested contours, the corresponding elements of
hierarchy[i] will be negative.
mode — Contour retrieval mode (if you use Python see also a note below).
O CV_RETR_EXTERNAL retrieves only the extreme outer contours. It sets
hierarchyl[il[2]=hierarchy[il[3]=-1 for all the contours.
O CV_RETR_LIST retrieves all of the contours without establishing any

hierarchical relationships.



O

CV_RETR_CCOMP retrieves all of the contours and organizes them into a
two-level hierarchy. At the top level, there are external boundaries of the
components. At the second level, there are boundaries of the holes. If
there is another contour inside a hole of a connected component, it is
still put at the top level.

CV_RETR_TREE retrieves all of the contours and reconstructs a full
hierarchy of nested contours. This full hierarchy is built and shown in the

OpenCV contours.c demo.

® method - Contour approximation method (if you use Python see also a note

below).

O

CV_CHAIN_APPROX NONE stores absolutely all the contour points. That
is, any 2 subsequent points (x1,y1) and (x2,y2) of the contour will be
either horizontal, vertical or diagonal neighbors, that is, max(abs(x1-
x2),abs(y2-y1))==1.

CV_CHAIN._APPROX_SIMPLE compresses horizontal, vertical, and diagonal
segments and leaves only their end points. For example, an up-right
rectangular contour is encoded with 4 points.
CV_CHAIN_APPROX TC89 L1,CV CHAIN APPROX TC89 KCOS applies one
of the flavors of the Teh-Chin chain approximation algorithm. See
[TehChin89] for details.

offset — Optional offset by which every contour point is shifted. This is useful

if the contours are extracted from the image ROl and then they should be

analyzed in the whole image context.

drawContours

Draws contours outlines or filled contours.

drawContours(inputOutputArray image, InputArrayOfAmrays contours, int contourldx,
const Scalar& color, int thickness=1, int lineType=8, InputArray hierarchy=noArray(),
int maxLevel=INT_MAX, Point offset=Point() )

image - Destination image.

® contours — All the input contours. Each contour is stored as a point vector.

® contourldx — Parameter indicating a contour to draw. If it is negative, all the

contours are drawn.



® color — Color of the contours.

® thickness - Thickness of lines the contours are drawn with. If it is negative (for

example, thickness=CV_FILLED ), the contour interiors are drawn.

® lineType - Line connectivity. See line() for details.

® hierarchy — Optional information about hierarchy. It is only needed if you
want to draw only some of the contours (see maxLevel ).

® maxLevel - Maximal level for drawn contours. If it is 0, only the specified
contour is drawn. If it is 1, the function draws the contour(s) and all the
nested contours. If it is 2, the function draws the contours, all the nested
contours, all the nested-to-nested contours, and so on. This parameter is
only taken into account when there is hierarchy available.

® offset — Optional contour shift parameter. Shift all the drawn contours by the
specified =(dx,dy) .

® contour — Pointer to the first contour.

® cxternalColor - Color of external contours.

® holeColor — Color of internal contours (holes).

convexHull

Finds the convex hull of a point set.

convexHull(lnputArray points, OutputArray hull, bool clockwise=false, bool

returnPoints=true )

points — Input 2D point set, stored in std:vector or Mat.

hull — Output convex hull. It is either an integer vector of indices or vector of
points. In the first case, the hull elements are 0-based indices of the convex hull
points in the original array (since the set of convex hull points is a subset of the
original point set). In the second case, hull elements are the convex hull points
themselves.

hull_storage — Output memory storage in the old API (cvConvexHull2 returns a
seguence containing the convex hull points or their indices).

clockwise — Orientation flag. If it is true, the output convex hull is oriented
clockwise. Otherwise, it is oriented counter-clockwise. The assumed coordinate

system has its X axis pointing to the right, and its Y axis pointing upwards.



® orientation — Convex hull orientation parameter in the old API, CV_CLOCKWISE or
CV_COUNTERCLOCKWISE.

® returnPoints — Operation flag. In case of a matrix, when the flag is true, the
function returns convex hull points. Otherwise, it returns indices of the convex
hull points. When the output array is std::vector, the flag is ignored, and the
output depends on the type of the vector: std::vector<int> implies

returnPoints=true, std:vector<Point> implies returnPoints=false.

convexityDefects
Finds the convexity defects of a contour.

convexityDefects(InputArray contour, InputArray convexhull, OutputArray

convexityDefects)

® contour - Input contour.

€ convexhull = Convex hull obtained using convexHull() that should contain indices
of the contour points that make the hull.

® convexityDefects — The output vector of convexity defects. In C++ and the new
Python/Java interface each convexity defect is represented as 4-element integer
vector (a.k.a. cvi:Vecdi): (start_index, end index, farthest pt index, fixpt _depth),
where indices are 0-based indices in the original contour of the convexity defect
beginning, end and the farthest point, and fixpt_depth is fixed-point
approximation (with 8 fractional bits) of the distance between the farthest
contour point and the hull. That is, to get the floating-point value of the depth
will be fixpt_depth/256.0. In C interface convexity defect is represented by
CvConvexityDefect structure - see below.

® storage — Container for the output sequence of convexity defects. If it is NULL,

the contour or hull (in that order) storage is used.
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NES55

SAb55 - SE555

General-purpose single bipolar timers

Features

Low turn-off time

® Maximum operating frequency greater than
500 kHz

Timing from microseconds to hours

Operates in both astable and monostable
modes

Qutput can source or sink up to 200 mA
Adjustable duty cycle

TTL compatible

Temperature stability of 0.005% per °C

Description

The NE555 monolithic timing circuit is a highly
stable controller capable of producing accurate
time delays or oscillation. In the time delay mode
of operation, the time is precisely controlled by
one external resistor and capacitor. For a stable
operation as an oscillator, the free running
frequency and the duty cycle are both accurately
controlled with two external resistors and one
capacitor.

The circuit may be triggered and reset on falling
waveforms, and the output structure can source
or sink up to 200 mA.

November 2008

(Plastic micropackage)
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DIP8
(Plastic package)
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Schematic diagrams NES555 - SA555 - SE555

1 Schematic diagrams

Figure 1. Block diagram
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NE555 - SA555 - SEb55 Absolute maximum ratings and operating conditions

2

3

Absolute maximum ratings and operating conditions

Table 1. Absolute maximum ratings
Symbol Parameter Value Unit
Vee Supply voltage 18 A
lout Output current (sink & source) +225 mA
Thermal resistance junction to ambient(")
Rthia DIP8 85 °C/W
50-8 125
Thermal resistance junction to case (')
Rihje DIP8 41 °C/W
S0-8 40
Human body model (HBM)'?? 1000
ESD Machine model (MM)®©) 100 Vv
Charged device model (CDM)¥) 1500
Latch-up immunity 200 mA
TLEAD Lead temperature (soldering 10 seconds) 260 °C
T Junction temperature 150 C
Tetg Storage temperature range -65to 150 °C

Short-circuits can cause excessive heating. These values are typical.

2. Human body model: a 100 pF capacitor is charged to the specified voltage, then discharged through a
1.5k resistor between two pins of the device. This is done for all couples of connected pin combinations
while the other pins are floating.

3. Machine model: a 200 pF capacitor is charged to the specified voltage, then discharged directly between
two pins of the device with no external series resistor (internal resistor < 5 ). This is done for all couples of
connected pin combinations while the other pins are floating.

4. Charged device model; all pins and the package are charged together to the specified voltage and then
discharged directly to the ground through only one pin. This is done for all pins.

Table 2. Operating conditions

Symbol Parameter Value Unit
Supply voltage
i NE555 451016 vV
ce SAS555 451016
SEbS55 451t 18
Vins Vi
thr “trig» Maximum input voltage Vee v
Vclr Vreset
| Qutput current (sink and source) +200 mA
ouT
Operating free air temperature range
T NE555 Oto 70 o
oper SA555 -40to 105
SE555 -55t0 125
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Electrical characteristics

NE555 - SA555 - SE555

3 Electrical characteristics
Table 3. Tamp = +25° C, Ve = +5 V to +15 V (unless otherwise specified)
SE555 NE555 - SA555
Symbol Parameter Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Supply current (R =<9
| Low state Vg = +5V 3 5 3 6 g
e Ve = +15V 10 12 10 15
High state Voo = +5V 2 2
Timing error (monostable)
(Ra=2kQto 100k C = 0.1puF)
Initial accuracy (") 0.5 2 1 3 %
Drift with temperature 30 100 50 ppm/°C
Drift with supply voltage 0.05 | 0.2 0.1 0.5 Yo/V
Timing error (astable)
(Ra, Rg = 1kQto 100k C = 0.1uF, Vg = +15V)
Initial accuracy 0 1.5 2.25 %
Drift with temperature 90 150 ppm/°C
Drift with supply voltage 0.15 0.3 %l
Control voltage level
Vel Vee = +15V 9.6 10 10.4 9 10 11 \Y
Voo =+5V 29 | 833 38 26 | 3.33 4
Threshold voltage
Vin Voo = +15V 9.4 10 106 | 88 10 11.2 \
Voo =+5V T e ] 4 24 | 3.33 | 42
I,y | Threshold current ?) 0.1 | 025 01 | 025 | pA
Trigger voltage
Virig Ve =+15V 4.8 5 5.2 45 5 5.6 Vv
Veg = +5V 145 | 167 | 1.9 135 1.67 | 22
lrig Trigger current (Vijg = OV) 0.5 0.9 0.5 2.0 HA
Vieset |Reset voltage @ 04 | 07 1 04| 07 | 1 Y
Reset current
Ireset Vreset =+0.4V 0.1 0.4 0.1 0.4 mA
Vieset = OV 0.4 1 0.4 15
Low level output voltage
Vee = +15V lg(sink) = 1T0MmA 0.1 | 0.15 0.1 0.25
logsink) = 50mMA 0.4 0.5 0.4 | 075
VOL |0(sink) =100mA 2 2.2 2 2.5 \
IO{sink) =200mA 25 25
VCC =+5V IO(sink) =8mA 0.1 0.25 0.3 0.4
|0(sink) =5mA 0.05 0.2 0.25 0.35
High level output voltage
Misiy Ve = +15V gsink) = 200mA 125 12.5 Vv
VCC = +5V IO(sink) =100mA 3 3.3 2.75 3.3
4/20 1S71




NES555 - SA555 - SE555

Electrical characteristics

Table 3. Tamb = +25° C, Ve = +5 V to +15 V (unless otherwise specified) (continued)
SE555 NE555 - SA555
Symbol Parameter Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
_ Discharge pin leakage current
IdIS(Off} (Ou'(put hlgh) Vdis - 10V 20 100 20 100 nA
Discharge pin saturation voltage
G (output low) “) -
dssal) | Vg = +15V, Igs = 15mA 180 | 480 180 | 480
VCC = +5V, !dis =4.5mA 80 200 80 200
t Output rise time 100 | 200 100 | 300 i
t Output fall time 100 | 200 100 | 300
tr | Turn off time ®) (V oeet = Vo) 0.5 0.5 us

Tested at Vg = +5V and Vg = +15 V.

2. This will determine the maximum value of R + R for 15 V operation, The maximum total (R, + Rg) is 20 MQfor +15 V
operation and 3.5 MQfor +5 V operation.

3. Specified with trigger input high.

No protection against excessive pin 7 current is necessary, providing the package dissipation rating is not exceeded.

5. Time measured from a positive pulse (from 0 V to 0.8 x V¢) on the Threshold pin to the transition from high to low on the
output pin. Trigger is tied to threshold.

3
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Electrical characteristics

NE555 - SA555 - SE555

Figure 3. Minimum pulse width required for Figure 4.  Supply current versus supply
triggering voltage
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NES55 - SA555 - SE555 Electrical characteristics

Figure 9. High output voltage drop versus Figure 10. Delay time versus supply voltage
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Application information NE5S55 - SA555 - SE555

4

4.1
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Application information

Monostable operation

In the monostable mode, the timer generates a singie pulse. As shown in Figure 12, the
external capacitor is initially held discharged by a transistor inside the timer.

Figure 12. Typical schematics in monostable operation

Vcc* =5to 15V
O

Reset

R1

Trigger

=

Qutput

MRS

The circuit triggers on a negative-going input signal when the level reaches 1/3 V. Once
triggered, the circuit remains in this state until the set time has elapsed, even if it is triggered
again during this interval. The duration of the output HIGH state is given by t= 1.1 R;C4 and
is easily determined by Figure 14.

Note that because the charge rate and the threshold level of the comparator are both
directly proportional to supply voltage, the timing interval is independent of supply. Applying
a negative pulse simultaneously to the reset terminal (pin 4) and the trigger terminal (pin 2)
during the timing cycle discharges the external capacitor and causes the cycle to start over.
The timing cycle now starts on the positive edge of the reset pulse. During the time the reset
pulse is applied, the output is driven to its LOW state.

When a negative trigger pulse is applied to pin 2, the flip-flop is set, releasing the short-
circuit across the external capacitor and driving the output HIGH. The voltage across the
capacitor increases exponentially with the time constant t = R4C4. When the voltage across
the capacitor equals 2/3 V¢, the comparator resets the flip-flop which then discharges the
capacitor rapidly and drives the output to its LOW state.

Figure 13 shows the actual waveforms generated in this mode of operation.

When Reset is not used, it should be tied high to avoid any possibility of unwanted
triggering.

3
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4.2

Figure 13. Waveforms in monostable operation
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Figure 14. Pulse duration versus R1C1
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Astable operation

When the circuit is connected as shown in Figure 15 (pins 2 and 6 connected) it triggers
itself and free runs as a multi-vibrator. The external capacitor charges through R4 and R,
and discharges through R, only. Thus the duty cycle can be set accurately by adjusting the
ratio of these two resistors.

In the astable mode of operation, C; charges and discharges between 1/3 Vo and 2/3 Ve,
As in the triggered mode, the charge and discharge times and, therefore, frequency are
independent of the supply voltage.

9/20
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Figure 15. Typical schematics in astable operation
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Figure 16 shows the actual waveforms generated in this mode of operation.
The charge time (output HIGH) is given by:
i1 =0.693 (R; + Rs) C4
and the discharge time (output LOW) by:
t2 = 0.693 (Rs) C4
Thus the total period T is given by:
T=11+12=0.693 (R1 + 2R2) C1

The frequency of oscillation is then;

- i.44

1
v T (R1+2R2)C1

It can easily be found from Figure 17.
The duty cycle is given by:

e L
R1+2R2
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Figure 16. Waveforms in astable operation
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Figure 17. Free running frequency versus R4, R; and C;
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Pulse width modulator

When the timer is connected in the monostable mode and triggered with a continuous pulse
train, the output pulse width can be modulated by a signal applied to pin 5. Figure 18 shows

the circuit.

Figure 18. Pulse width modulator
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Linear ramp

When the pull-up resistor, Ry, in the monostable circuit is replaced by a constant current
source, a linear ramp is generated. Figure 19 shows a circuit configuration that will perform

this function.

Figure 19. Linear ramp
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Figure 20 shows the waveforms generator by the linear ramp.

The time interval is given by:

T _ (2/3 Voo RE (R1+R2) C

~ R1 Vcc - VBE (R1+R2) MEE= 0¥
Figure 20. Linear ramp
/I
A
// -
= //

VCC = 5 V
ol Top trace: input 3 V/DIV
20 ps/DIV Middle trace: output 5 V/DIV
Ry + 47 kQ Bottom trace: output 5 V/DIV
Ro=100kQ  Bottom trace; capacitor voltage 1 V/DIV
Rg=2.7kQ
C =0.01 pF

4.5 50% duty cycle oscillator

For a 50% duty cycle, the resistors R and Rg can be connected as in Figure 21. The time
period for the output high is the same as for astable operation (see Section 4.2 on page 9):
t1=0.693 R, C

For the output low it is

t,= [(R. RB)/(RA+RB)].C.Ln [Sgé—fgﬂ

Thus the frequency of oscillation is:

f=.—
t1+1t2

J
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Figure 21. 50% duty cycle oscillator
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Note that this circuit will not oscillate if Rg is greater than 1/2 R because the junction of Ry

and Rg cannot bring pin 2 down to 1/3 V¢ and trigger the lower comparator.

Additional information

Adequate power supply bypassing is necessary to protect associated circuitry. The
minimum recommended is 0.1 pF in parallel with 1 pF electrolytic.
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5 Package information

In order to meet environmental requirements, STMicroelectronics offers these devices in
ECOPACK® packages. These packages have a lead-free second level interconnect. The
category of second level interconnect is marked on the package and on the inner box label,
in compliance with JEDEC Standard JESD97. The maximum ratings related to soldering
conditions are also marked on the inner box label. ECOPACK is an STMicroelectronics
trademark. ECOPACK specifications are available at: www.st.com.
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DIP8 package information

Figure 22, DIP8 package mechanical drawing

b2

_;_ B i
LY

W
n

8€°0 INYId 39nvO

Table 4, DIP8 package mechanical data
Dimensions
Ref. Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 533 0.210
Al 0.38 0.015
A2 2.92 3.30 4.95 0.115 0.130 0.195
b 0.36 0.46 0.56 0.014 0.018 0.022
b2 1.14 1.52 1.78 0.045 0.060 0.070
¢ 0.20 0.25 0.36 0.008 0.010 0.014
9.02 o A 10.16 0.355 0.365 0.400
7.62 7.87 8.26 0.300 0.310 0.325
El 6.10 6.35 7.11 0.240 0.250 0.280
e 2.54 0.100
eA 7.62 0.300
eB 10.92 0.430
L 2.92 3.30 3.81 0.115 0.130 0.150
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5.2

3

SO-8 package information

Figure 23. SO0-8 package mechanical drawing
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Table 5. S0-8 package mechanical data

Dimensions
Ref. Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
Al 0.10 0.25 0.004 0.010
A2 1.25 |7 0049
b 0.28 0.48 0.011 0.019
c 017 0.23 0.007 0.010
4.80 4.90 5.00 0.189 0.193 0.197
E 5.80 6.00 6.20 0.228 0.236 0.244
E1 3.80 3.90 4.00 0.150 0.154 0.157
e 1.27 0.050
0.25 0.50 0.010 0.020
L 0.40 1.27 0.016 0.050
L1 1.04 0.040
k 0 8° 1° 8°
cce 0.10 0.004
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6 Ordering information

Table 6. Order codes

Part number Temperature range Package Packing Marking
NE555N DIP8 Tube NE555N
0°C, +70°C
NE555D/DT SO-8 Tube or tape & reel NE555
SA555N DIP8 Tube SA555N
-40°C, +105°C
SA555D/DT S0O-8 Tube or tape & reel SA555
SE555N DIP8 Tube SE555N
-55°C, + 125°C
SE555D/DT SO-8 Tube or tape & reel SES555

18/20
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Revision history

7

g

Revision history

Table 7. Document revision history
Date Revision Changes
01-Jun-2003 1 Initial release.
2004-2006 2-3 Internal revisions

Expanded order code table.

15-Mar-2007 4

Template update.

Added lgT value in Table 1: Absolute maximum ratings and
06-Nov-2008 5 Table 2: Operating conditions.

Added ESD tolerance, latch-up tolerance, Ryj, and Ryycin
Table 1: Absolute maximum ratings.
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SEMICONDUCTOR ™

DM7408
Quad 2-Input AND Gates

General Description

This device contains four independent gates each of which
performs the logic AND function.

Ordering Code:

Order Number | Package Number Package Description
DM7408N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Connection Diagram Function Table
Ve B4 At 8 83 A 3 Y=AB
14 13 |1z 1 10 ] 3 TAputs Output
A B Y
L L L
= H L
H 18 L
—l:‘ )___ | H H H
H=HIGH Logic Level
L =LOW Logic Level
1 [z Ia 4 5 3 7
A1 81 Y1 Az 82 ¥z GND

© 2001 Fairchild Semiconductor Corporation DS006498 www.fairchildsemi.com
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DM7408

Absolute Maximum Ratingsnote 1)

Note 1: The “Absolute Maximum Ratings™ are those values beyend which

Supply Voltage 7V the safety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical

Input Voltage 5.5V Characteristics tables are not guaranteed at the abselute maximum ratings.

Operating Free Air Temperature Range 0°C to +70°C  The “Recommended Operating Conditions” table will define the conditions
for actual device operation.

Storage Temperature Range —65°C to +150°C 2

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 525 A
Vi HIGH Level Input Voltage 2 v
ViL LOW Level Input Voltage 0.8 \
lon HIGH Level Output Current -0.8 mA
loL LOW Level Output Current i 16 mA
Ta Free Air Operating Temperature 0 70 °C

Electrical Characteristics

over recommended operaling free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min e Max Units
(Note 2)
Vi Input Clamp Voltage Vee=Min, | =—12 mA ~1.5 \
Vou HIGH Level Ve = Min, Igy = Max o 4 v
Qutput Voltage VL= Max
VoL LOW Level Vec= Min, lgL = Max - B4 v
Qutput Voltage Vi = Min
) Input Current @ Max Input Voltage Vee = Max, V= 5.5V 1 mA
[ HIGH Level Input Current Vee = Max, vV, =2.4V 40 RA
e LOW Level Input Current Ve = Max, V= 0.4V -16 mA
los Short Circuit Output Current Veg = Max (Note 3) -18 55 mA
lceH Supply Current with Outputs HIGH Veg = Max 1 21 mA
lecL Supply Current with Outputs LOW Voo = Max 20 33 mA
Note 2: All typicals are at Ve = 5V, Ta =25°C.
Note 3: Not mere than one output should be shorted at a time.
Switching Characteristics
atVee = 5V and TA = 26°C
Symbol Parameter Conditions Min Max Units
toLH Propagation Delay Time CL=15pF o7 ns
LOW-to-HIGH Level Output Ry =400Q
teyL Propagation Delay Time 18 ns
HIGH-to-LOW Level Output

www.fairchildsemi.com 2



Physical Dimensions inches (millimeters) unless otherwise noted
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14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT

POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and {c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user,

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sanably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness,

www.fairchildsemi.com

www.fairchildsemi.com

seje9 ANV induj-z pend govr.LING



TUsunsuUszuanann

#include <sstream>
#include <string>
#include <iostream>
#include <highgui.h>
#include <stdio.h>
#include <cv.h>

#include <cxcore.hpp>
#include <wiringPi.h>
//#include<imgproc.hpp>
//#include<opencv2\video\background_segm.hpp>
//#Hinclude<window.h>
const int Pin0 = 0;

const int Pinl = 1;

const int Pin2 = 2;

const int Pin3 = 3;

using namespace cv;

using namespace std;

const int FRAME_WIDTH = 1280;

const int FRAME_HEIGHT = 720;

const int MIN_OBJECT_AREA = 20*20;

const int MAX_OBJECT_AREA = FRAME_HEIGHT*FRAME_WIDTH/1.5;



//functions prototypes

void on_trackbar(int, void*);

void createTrackbars();

void showimgcontours(int &x, int &y, Mat &threshedimg, Mat &original);

void toggle(int key);

void morphit(Mat &img);

void blurthresh(Mat &img);

void condefects(vector<Vecdi> convexityDefectsSet, vector<Point> mycontour, Mat &frame);

string intToString(int number);

//function prototypes ends here

//boolean toggles

bool domorph = false;

bool doblurthresh = false;

bool showchangedframe = false;
bool showcontours = false;

bool showhull = false;

bool showcondefects = false;

//boolean toggles end

int H_MIN =0;



int H_MAX = 255;
intS_MIN = 0;
int S_MAX = 255;
int V_MIN = 0;

int V_MAX = 255;

int kerode = 1;
int kdilate = 1;
int kblur = 1;

int threshval = 0;

int main(void)

{
wiringPiSetup () ;
pinMode (Pin0, OUTPUT) ;
pinMode (Pin1, OUTPUT);
pinMeode (Pin2, OUTPUT) ;

pinMode (Pin3, OUTPUT) ;

intx,vy;
createTrackbars();

on_trackbar(0, 0);

Mat frame, hsvframe, rangeframe;
int key;

VideoCapture cap(0);



while ((key = waitKey(30)) = 27)

{

toggle(key);

//cap.set(CV_CAP_PROP_FPS,5);
//cap.set(CV_CAP_PROP_FRAME_WIDTH,FRAME_WIDTH);
//cap.set(CV_CAP_PROP_FRAME_HEIGHT,FRAME_HEIGHT);
cap.read(frame);

//cap >> frame;

//flip(frame, frame, 180);

cvtColor(frame, hsvframe, COLOR_BGR2HSV);

inRange(hsvframe, Scalar(H_MIN, S_MIN, V_MIN), Scalar(H_MAX, S_MAX, V_MAX),
rangeframe);

//imshow("HSV", hsvframe);

if (domorph)

morphit(rangeframe);

if (doblurthresh)

blurthresh(rangeframe);

if (showcontours)

showimgcontours(x, y, rangeframe, frame);



if (showchangedframe)
imshow("Camera", frame);
else

imshow("Camera", rangeframe);

void on_trackbar(int, void*)
{//This function gets called whenever a
// trackbar position is changed
if (kerode == 0)
kerode = 1;
if (kdilate == Q)
kdilate = 1;
if (kblur ==0)
kblur = 1;
}
void createTrackbars()
{
String trackbarWindowName = "TrackBars";
namedWindow(trackbarWindowName, WINDOW_NORMAL);
createTrackbar("H_MIN", trackbarWindowName, &H_MIN, H_MAX, on_trackbar);
createTrackbar("H_MAX", trackbarWindowName, &H_MAX, H_MAX, on_trackbar);

createTrackbar("S_MIN", trackbarWindowName, &S_MIN, S_MAX, on_trackbar);



createTrackbar("S_MAX", trackbarWindowName, &S_MAX, S_MAX, on_trackbar);
createTrackbar("V_MIN", trackbarWindowName, &V_MIN, V_MAX, on_trackbar);
createTrackbar("V_MAX", trackbarWindowName, &V_MAX, V_MAX, on_trackbar);
createTrackbar("Erode", trackbarWindowName, &kerode, 31, on_trackbar);
createTrackbar("Dilate", trackbarWindowName, &kdilate, 31, on_trackbar);
createTrackbar("Blur", trackbarWindowName, &kblur, 255, on_trackbar);

createTrackbar("Thresh", trackbarWindowName, &threshval, 255, on_trackbar);

void morphit(Mat &img)
{
erode(img, img, getStructuringElement(MORPH_RECT, Size(kerode, kerode}));
dilate(img, img, getStructuringElement(MORPH_RECT, Size(kdilate, kdilate)));
}
void blurthresh(Mat &img)
{
//medianBlur(img,img,kblur%2+3+kblur);
blur(img, img, Size(kblur, kblur), Point(-1, -1), BORDER_DEFAULT);
threshold(img, img, threshval, 255, THRESH_BINARY_INV);
1
void toggle(int key)

{

//toggle line start
if (key =="'m’)

domorph = ldomorph;



if (key =='b")
doblurthresh = Idoblurthresh;
if (key =="r')
showchangedframe = Ishowchangedframe;
if (key =="'c")
showcontours = Ishowcontours;
if (key == "h")
showhull = Ishowhull;
if (key =="'d")
showcondefects = Ishowcondefects;

//toggle line end

string intToString(int number){

std::stringstream ss;
ss << humber;

return ss.str();

void showimgcontours(int &x, int &y, Mat &threshedimg, Mat &original)

{

int a, b, dx, dy;



digitalWrite(Pin3, 0); // setsthe LED on
digitalWrite(Pin2, 0); // sets the LED on
digitalWrite(Pin1, Q); // sets the LED on
digitalWrite(Pin0, Q); // sets the LED on

delay(10);

vector<vector<Point> > contours;
vector<Vecdi> hierarchy;
int largest_area = 0;

int largest_contour_index = 0;

findContours(threshedimg, contours, hierarchy, CV_RETR_TREE, CV_CHAIN_APPROX_SIMPLE);

double refArea = 0;

if (hierarchy.size() > 0) {

for (int index = 0; index >= 0; index = hierarchy[index][0]) {

Moments moment = moments({cv::Mat)contours[index]);

double area = moment.m00;

if(area>MIN_OBJECT_AREA && area<MAX_OBJECT_AREA && area>refArea){
X = moment.m10/area;

y = moment.m01/area;



refArea = area;

if(x > 100 && x < 540/
dx=x-3a;
dy=y-b;

putText(original,intToString(dx),Point(0,100),2,1,Scalar(0,255,0),2);

/// Find the convex hull,contours and defects for each contour
vector<vector<Point> >hull{contours.size());
vector<vector<int> >inthull(contours.size());
vector<vector<Vec4i> >defects(contours.size());
for (inti=0; i < contours.size(); i++)
{

convexHull(Mat(contoursli]), hull[i], false);

convexHull{Mat(contours[i]), inthull[i], false);

if (inthull[i].size()>3)

convexityDefects(contours[i], inthull[i], defects[i]);

!
//find hulland contour and defects end here
//this will find largest contour

for (int i = 0; i< contours.size(); i++) // iterate through each contour.

{



double a = contourArea(contours]i], false); // Find the area of contour
if (a>largest_area)
{

largest_area = g;

largest_contour_index = i; //Store the index of largest contour

}

//search for largest contour has end

if (contours.size() >0)

{

drawContours(original, contours, largest_contour_index, CV_RGB(0, 255, 0), 2, 8, hierarchy);
//if want to show all contours use below one
//drawContours(original,contours,-1, CV_RGB(0, 255, 0), 2, 8, hierarchy);
if (showhull)

drawContours(original, hull, largest_contour_index, CV_RGB(0, 0, 255), 2, 8, hierarchy);
//if want to show all hull, use below one
//drawContours(original,hull,-1, CV_RGB(0, 255, 0), 2, 8, hierarchy);

if (showcondefects){

if( refArea > 20*20 ){

if(dx>100){

putText(original,"Increase CH",Point(0,150),2,1,Scalar(255,0,0),2);

digitalWrite(Pin3, 0); // sets the LED on



digitalWrite(Pin2, 1); // sets the LED on
digitalWrite(Pin1, 1); // sets the LED on
digitalWrite(Pin0Q, 0); // sets the LED on
delay(10);

dx=0;

//increaseCH();

}

else if(dx<-100){

putText(original,"Decrease CH",Point(0,150),2,1,Scalar(255,0,0),2);

digitalWrite(Pin3, 0); // sets the LED on
digitalWrite(Pin2, 1); // sets the LED on
digitalWrite(Pinl, 1); //sets the LED on
digitalWrite(Pin0Q, 1); // sets the LED on
delay(10);

dx=0;

//decreaseCH();

else if(y < 160 && x> 160 && x < 480){

putText(original,"Increase Vol",Point(0,150),2,1,Scalar(255,0,0),2);

digitalWrite(Pin3, 1); // sets the LED on



digitalWrite(Pin2, 0); // sets the LED on
digitalWrite(Pin1, 0); // setsthe LED on
digitalWrite(Pin0, 0); // sets the LED on
delay(10);

y=240;

//increaseVol();

else if(y > 320 && x> 160 && x < 480){

putText(original,"Decrease Vol",Point(0,150),2,1,Scalar(255,0,0),2);

digitalWrite(Pin3, 1); // sets the LED on
digitalWrite(Pin2, 0); // sets the LED on
digitalWrite(Pinl1, 0); // sets the LED on
digitalWrite(Pin0, 1); // sets the LED on
delay(10);

y=240;

//decreaseVol();

else if(x > 160 && x < 480){

condefects(defects[largest_contour_index], contours[largest_contour_index], original);



else {

digitalWrite(Pin3, 0); // sets the LED on
digitalWrite(Pin2, 0); // setsthe LED on
digitalWrite(Pin1, 0); // sets the LED on
digitalWrite(Pin0, 0); // sets the LED on

delay(10);

void condefects(vector<Vecdi> convexityDefectsSet, vector<Point> mycontour, Mat &original)
{

Point2f mycenter;

float radii;

int fingers = 0;

minEnclosingCircle(mycontour, mycenter, radii);
circle(original, mycenter, 10, CV_RGB(Q, 0, 255), 2, 8);
cout << "==start==" << endl;

for (int cDeflt = 0; cDeflt < convexityDefectsSet.size(); cDeflt++) {



int startldx = convexityDefectsSet[cDeflt].val[0]; Point ptStart{mycontour|[startidx]);

int endldx = convexityDefectsSet[cDeflt].val[1]; Point ptEnd(mycontour[endldx]);

int farldx = convexityDefectsSet[cDeflt].val[2]; Point ptFar(mycontour[faridx]);

double depth = static_cast<double>(convexityDefectsSet[cDeflt].val[3]) / 256;
//cout << "depth" << depth << end;

//display start points of finger

if (depth>11 && ptStart.y<mycenter.y)
{
circle(original, ptStart, 4, CV_RGB(255, 0, 0), 4);

fingers++;

}
//display fingers on image
putText{original, "Fingers : " +intToString(fingers), Point(50, 50), 2, 1, CV_RGB(255, 0, 0), 4, 8);
if (fingers == 1){
digitalWrite(Pin3, 0); // setsthe LED on
digitalWrite(Pin2, 0); // sets the LED on
digitalWrite(Pin1, 0); // setsthe LED on
digitalWrite(Pin0, 1); // sets the LED on
delay(10);

fingers = 0;



if (fingers == 2}{

digitalWrite(Pin3, 0);
digitalWrite(Pin2, 0);
digitalWrite(Pin1, 1);

digitalWrite(Pin0, 0);

delay(10);
fingers = 0;

}

if (fingers == 3)}{

digitalWrite(Pin3, 0);
digitalWrite(Pin2, 0);
digitalWrite(Pin1, 1);

digitalWrite(Pin0, 1);

delay(10);

fingers = 0;

}

if (fingers == 4){

digitalWrite(Pin3, 0);
digitalWrite(Pin2, 1);
digitalWrite(Pin1, 0);

digitalWrite(Pin0, 0);

// sets the LED on
// sets the LED on
// sets the LED on

// sets the LED on

/[ sets the LED on
// setsthe LED on
// sets the LED on

// sets the LED on

// sets the LED on
// sets the LED on
// sets the LED on

// sets the LED on



delay(10);

fingers =0;

}

if (fingers == 5){

digitalWrite(Pin3, 0); // sets the LED on
digitalWrite(Pin2, 1); // setsthe LED on
digitalWrite(Pin1, 0); // sets the LED on
digitalWrite(Pin0, 1); // sets the LED on
delay(10);

fingers = 0;

cout << "==end line==" << endl;

}// condefects ends here





