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ABSTRACT

This thesis presents a system of Infrared and Image Processing Range
Finder. The system will shoot laser on a target. Then the captured image will be
processed by image processing to detect a position of laser on image by using
bounding box solution which is under the condition for finding the correct laser
point. Next, the system will find centroid of laser for calculating the distance from
top of image frame in pixel unit. Exponential linear regression is then employed to
determine the relation for range calculation. Finally, the system will display range
on LCD screen and also provide warning when the range is less than the pre-defined

value.
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Cll UN fFa " he!
BES AR/ |
| |
0.01 uF |

= o a w | &
JUN 2.9 1asiudndfysguamasy

U

9N29951UFUN 2.9 @annsandaaaiuan Yisemay waeanudlaeinaunsii 2.1 2.2
WA 2.3 ANEIAY

Thgh =In(2) - (R1+R2)-C (2.1)

_’n'aw = IH(Z) . R 2 C (22)

#= 1 (2.3)
In(2)-C-(R1+R2)

Duty cycle = R,+R, (2.4)

R+2R,



2.5 2995a9HULLIIAU (Voltage Follower)

AL TuvIe e Ttines (Buffer) lngaunsauansguvadisasasin

Y < 2 daa ¢ o i v da o« 3
wseAulaReguT 2.10 Wwasesifidufiunuduidivessaeudiege luvasidufuaudun
] [ S A o 3 el . s 2 - 3 ¢
28nU83N3ABUY AN Falwrasiviwmihnlunstesiulidivinszuanivalulugunsal

a a ed = ] i v i o w d o qw ¢
duaanselindniianuavidundeuroudnigs lngavdrenszuansouseu ieviligunsalidl
Auasalunisensrualadesviaiinnnuueuuny ansanasatunugunsainly
n3zuageldl edensaiuinesduudivrlivihlisesduiinaiiuansrsluaniiu Tnensas

2

UninesuaEildnsnsve1uwiniy 1 5o Vou = Vi

-+

<
T
O

JUN 2.10 299 5e B 91

2.6 2935%UnsEKa (Drive Current)

WsdunsEud Ao esilddunseua elumdsnulituageslalon vl
iaweslalonviuldetheiusyansnm Falsuandnusielivsudaneflunsiunssua
\esnnsndamesuszneuse faguinousninesiifeddesaudalniilefeudady
2938uen useiunienssudlwihiidouldfudmsudamesuise wwinaliiinns
LﬂﬁEJuLLUaﬂumzLLaﬁlwamu'Lu‘ﬁz’smwu%ama%ﬁnﬁiwﬁq ilosanidanudignaiun
vmmuLmmwmayuﬂ'1aarmmaaawuﬁlﬂ?ﬂunﬁmwmwwmuauwm LR RC TR
veredyanald mslinuvemeudawes asdelidunn 2 42 uaxdosiiondng 2 42 ud
FnTudanesiosliiies 3 91 Ae ¥1 E (Emitter w3adlnawmes), ¥1 C (Collector w3e
AoALAAWAa?), uax ¥1 B (Base wiawwa) ladenisdnliidu 4 42 Ae Suwn 2 49 use
10 2 $2 asfesdalivilavmilwemeudanesduri viomneuuou (Common)
Tnelfiduiedunauandufmneiya  Tasanmsouvsnisldaulunsdunszuanes
nswdamedliidu 3 vlinded 29asiuadau (Common Base) |, asAoALARALABST
(Common Collector) wa 29958fnLmos3u (Common Emitter) sluuSmyaninuds 16



v a = - oa ¢ 1 A wa =l ar
wwonldeastunsruasdandinnessiu LuaamnﬁﬂmawumﬂauamwmwmEmiw,aua::

v 08 Yo o w I = Y Y]
wsanuigs Isvhlvdnsiveneinde (POWER GAIN) gennuludie Fewmsafiuanudaanisly
nsldnueRBaeslalon

2.6.1 2995TUNTELE LUUBLALADS32U (Common-emitter)

L :J aa € a € 1
Juraestuua Towzaenenseuanvidlamestemsndanes o
nuiaweslalen Yevnvasvredvdunandesnisloulviuisastunssua uazen

¢ v ow v = v ol Y aa a  w v
AealaALneIIzAan UMM uMUdinihnlunsdesiunsrualunsdindargaiu dwandla
s A

AaIgUN 2.11

i 1
N\ oV | |
i] -
i .
=g & Vik

V) G\

LSO

UM 2.11 9sdunseuanuusiinmessay

2.6.2 N1SATUIN

= a < v
Rsnssuanigluinle vea9aslugun 2.11 aeldngues KL
wazngveslevi

971 KVL > V=0 (2.5)

AU —Vee+ IR, +Vee+Vsar =0
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_ Vec=Vsar—Vce (2.6)
R

wld 1
3

e U o ¥ A:J 1 Ve L4
e V. fie awswiuveslWideanineliiugunanl

= J

Ve AR ANMSIAUNANMEBNAIT0LAITD5lnlon

= 1

R A AAuAIUMIUnsefuIneaaAnes
V

o AR AN WdameTvinuegluanizaus snasel

FEWINNUIPDALEALN DI AUV DN DS

ol .
2.7 51@uassw (Rasberry Pi)
F1aLUaTILw Ao rauRmesauIndl 1uneuiiamesiuueinlie (Single
Board Computer) gniaunduluussimaanigewing lay as.8iwu §wdu (Eben Upton)
mold yailsauesiln (Raspberry Pi Foundation) wiifudusiauessinlagniauniu
v ) - 2 ) = o e | v o v
ulilisaanfien welddmsunisSoureainfnel uddeidauiadn asnsananile
< A 1w a ¢ v ¢ = a ln v
avann Lssnnidiesdanulsnsuiawes Whd wazAduein Nazlioudaiiouneufinnesnld
sy Jwhlidaguulisumnuiiovagrsgalunsinnilnimulsunsudesdu Snviad
anunsaldnusaiuszuudumesiialasneme
2.7.1 Tassadevesmawadaln
) gl v a o =
Uagtusawaesiin lignudneenulu 2 luwa Aeluma A uay
12 all a a 5 L4 1 = ° U - 2
luwa B uwameninuszansnmanaluwa A dudesniilung B 3uhlilasuanuileutes
111 Feaneludiygrdnusiavnanidiuusznevvesiung B Wundn uandldmansied
2.1 uazuanwEiulsEnouvesAaiTin faguil 2.12

RCAVIDED UMD ~LEBS o BSB LAK

)))))

JUT 2.12 drulsenavresnauassin
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=.il I 1 oo w fn:
M13199 2.1 @UUszNaUsnge Nd1AYTITIAUDII W

d@nlsznounan TUALLDYA

mhguszanananad (Central Processing | n1sUszunanaszlddyminuniing 700
Unit:CPU) WnNzLEsag ARM Processor
wdeA14491 (Memory) fuuinaug 512 wnnzlud

= i = 1 ala 1
SYUVAALD (Video) ANNNTOLTDUADITZUUATNIALONTUNIS

Wasn RCA

= " - | a 1 ¢

3$UULELY (Audio) ANUTALTONADTTUULABIHIUN1INBSA

3.5 mm jack 38 thun1awesa HOMI

¢ = 1
wasngLoal 2.0 (USB 2.0 Port) il 2 wase ldlunisiweusiegynsal
Meuen W Aduase uihd Wudu

drudoudeiniisa (Networking) HIUNNNaIAUSB LAN Tneasldunsgiu
RJ45

AulaYa (Storage) agldnisiiudayaasuunida ldun sp
MMC uag SDIO

drudleuderiniia (Networking) HIUnwasnUSE LAN Tnwagldunnsgiu
RJ45

druvedlvliieseas (Power Source) Tlnnszuamsaiiseiunssdu 5 Taad Tae

Wuvswesalulaseiaad (Micro USB)

2.7.2 wainduwme AWAaIUNUszasA (General Purpose Input Output
GPIO)
wa o 1A 1 el & e '
AuandRnlandudnedwvessavesiinife aulangulunis
d ) L L3 1 ﬁl a - = 14 1
Fansenugunsalmeuen lnaawizegedsiugunsaldidnnseiindldedwazain laysia
= ¢ a 0w ) o & &
wesilniinesndunaerdnneiunuszasy dwiuluwa B dussiifauisdu 26 1 Tag
o a ¢ aa a = | £ P~ = o w
Usznaumeuweindunmaimnfdneaund, viliouseUaloaunisd way waile Sl
dl A ! fa = b3 1 l:'ll o
aweiilnamnsaeudegunsaididnvsedndlisgrmainvate Finsdnidusuives
¢ a 13 I3 v P
wasmounmMnRaIunUsyaALandlAfigUn 2.13
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PN # NAME MNAME P o
3.3 VDC Power 5.0 VDC Power
8 SDAO (12C) DNC
S¢L0 {12C) 0V {Ground)
7 GPIO 7 ™ 15
DNC RXD 1.6
GPIO O GPIOL §
GPIO2 DNC
/4 GPIO3 y GPRIO4 “
DNC GPIOS 5
12 MOSI DNC
13 MISO GPIOG 6
14 SCLK e e C;O_,, 19
DNC CE1 11

4 ar =
3% 2.13 midaSesnvasnaindunmarinnoiunUsyasd

2.8 2 C++

TUsunsu fie yaddsfiannsaussinanalaenouiiomes tielildnans
viumnuitgldaudens Waunsuazgnitmuntulifeserfunaoufiaumes a1 Ci+
Jadunnenfiumesnumisiiluifesldessuwsuane ioswind amw crr Ju
awitfidoulusunsuannsod limuTusunsulfegradivsgansam uazdutuniwil
sossumsianlUsunadeingdndie mwn Cr+ fsmgrunnanniw C uazdnsoungy
mw C Wheililaungviniauarandefianainasléiunn  fesninaie ¢ veuld
IU‘iLLﬂi:JLua‘i‘ﬁN’m‘IﬂFJLéu’il’]ﬂiﬂ'i\iﬂ%’m?sﬁUG%’lLLé”Jﬁ’l?f’Jum"N‘]Lﬁﬁﬂﬁmﬂia‘ﬁﬂﬂUﬁULﬂu
lassashslvg uilun1w G+ azvilumamsatudde fvualassadsluninou udada
fmualassaidesroluifioruasanuazdielunsuiledofiawan fegrinsidou
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A G+ uansldeguil 2.1 Seanunsoesuneldfie luussiausnveddusunsudunis
vuassisasznanasemin #include Wenansiilusunsuiiinisthdoyaeenuiad
nsuanwwasannisgunsallagunsaiuililnenisdrsdolnd iostream.h Fadudelusunsy
lwﬁ"ﬁﬁwwﬁﬂﬁ%’mnﬁ'ﬁ’umjua'ﬁauwmﬁﬁmrma’q‘[,ﬁwﬂ';EJf»rmpmeﬁﬁagaaan Tuussviai2
Junsreuuudnienisvaneng Aensi@ousiuremaiuveddusunsy awdeudae
deydnwal // uazaudedoniny Sdlufinadenisvauredusunsy ussiais Aents
Avuaiedu main() WuiteidundndmiunnlusunsuiiBoudeniv Crr unisuen
sHFureIsUf RN uraslsunsa semsmdeinsasdousgnelulinnidauazla
wansldfiussiail ¢ uazussiadl 7 Tngsemsddsluusaiedl 5 mnsaainlissuy
aufamesdeninu “HelloWorld” Tuiidumuaumsirdeyasendmuneiweuanina
fhuies dau \n mnefamsiuussiall ussind 6 mneisntssunisiouresTusunsy
dlolifitefnnaialagintu

e e B e B e
I #include<iostreambh> 0 = :
i This program prints"Hello MWorld " |
3 main()
— _ :
2 cout<<"'Hello Warldin';
return 0;
e
b f ¥
NESEL >

< o | =
EUVI 2.14 9NN UNYT CH+

2.9 laus3lawud3 (Opencv)

OpenCV #8311970 Open Source Computer Vision tHunislulauss
mmumswwmivwﬂaumLmaiwﬁu (Computer Vision) ma’LulaU's'l'swaaImwumm
WALNTUNIINATYT C uay Cit IﬂEJIElLWN‘(I?ﬁ’]iJ’ﬁﬂSWHE]‘WWLL’Jiﬂ’]EJIﬂ‘SvUUUgﬂ’I‘i Linux,
Window %38 MAC Osx I Sniadsanunsaimunonndieduannslilomuiilnenisly
Aeduuennilenn C war C++ le8nane wu Python, Ruby Judu fedrenis
Uszgndltlausn3lomnd? 1ou msussuanaiioafuamuasdysya (mage and Signal
Processing), msmmaaué’nwmzi’mqmnmwﬁaﬁﬁia (Object Identification), n15
R3IVEADUVDUNIMUYDITAY (Edge Detection), AsATIadauAmAdauln (Motion
Detection) tJudu
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2.10 MsU3uusisnauntsUszananadaya (Image Pre-processing)

nsUszanananmdunisuseutanamdavvesnmlaestiaiiiauy e
AMWIRIUNTZUIUM NN ManSienauiunasio il Anadwimuiifeans uas
Lﬁalﬁwaﬁwﬁ'LﬁmUwaw%mwuazLﬁmmmﬁmwamﬁaaﬁqmﬁaaﬁmsﬂ%’uLwiq%’a:&ariau
NlulY Bennszurumsdiuudsdoyadanannin msuuuineunisussananann (Image
Pre-processing) n1sufuussdayaiiunliie madsulssinymosnmmunmauifived
Tnemswasunmalmdunmane

2.10.1 A& (Color Image)
aadumsfiudsefuerudunacuras sedue sl saudadiy

urazganmliun Aums Sife0 wazddhdu Iﬂaﬁimﬁ’ummﬁmaaaﬂﬁ 256 SeiU Aemaus
0-255 mmvmummmmaw 0 ﬂmamwm'ﬂuumuﬂsuﬂaumaaauuaqLaa wpendlsesiy
ANULTULET 255 g IliseAumIIdNLaIeIETL BN WarN1TNEANTUYEE
uas e wardiRuilanusouansdldunnds 167 §1u8 aunsouassnsiiussysu
anuiuasusiassyiudlugnnwldssua 2.15

RGB Components

JUN 2.15 mafiuanssiuanuduuausazsaudluganm

2.10.2 Mwszeaudnn (Grayscale Image)

Aounisiasunmdunmunid aedouvdsunmalmdunin

fudmineu ?56m‘sLﬂﬁsuﬂwwﬁtﬂummvmuamLﬂuwuq‘l,mﬁmsﬂiuLmeamamaqmw

&Lﬂuﬂ'1'5Luuﬂmmwmawamamw’im@wm}u mwwmi‘s‘luumavwmwa mmmmwmad

5LmLLmﬂm&ﬂulﬂmaLLmamﬂUwam'l Imaumwm 256 i‘vm‘u Aofaust 0-255 AN

seiuimIegf 0 as1luddi dugaawiidiarszdudind 255 anfudvnn nsfud

‘uamﬂ,uumayammwuamhmiﬂw 2.16 waraumslunswasuamadunmdmuans
s 2.7

¥
g

€

9%

1o

B =)
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Gray Level
(187 214 218
128 129 185
126 127 128
100 124 126

[ S ]
(=]

L~ S i ]
S 9

o

s

JUT 2.16 MmaifiuArseaudniluwsiazqganin

Gray =0.299R +0.587G +0.1148B (2.7)
R = MUt asdundlngasiliansening 0-255

G = mAnuLTesdidgalngasiiansswing 0-255

B = manuivesdindlagasiidisewing 0-255

2.10.3 AMWY1991 (Binary Image)

mMswasuamdiiunmendeliansanenues Tagluniwly
Iniuiy dnvarraanmandlusdazganmazuansanduwvuluung Aafiud 1 s
Usynauden 0 way 1 Gwuieridt anamlaidandy o anmwiuazuansis dou
wamiidandu 1 azuanddvn Tumswisuamidunmandegdenudsunmdunm
sedufimneuiiefvuadiaudydimiidesnisihindneds FenaAranududin
fosmsihangredei wsalead Tasmnganwilevesnmsgiuiimiiaanududineingi
Awnsulgadaziasuaniuziy 0 Aodd wimnynnmlavesnmszdudmilaanudud
ingeninAunsuleadasiasuaniuedy 1 Aodun awnsauansriluunivesnmwenidily
usiarganwldagui 2.17

Binary Data

0 0 0

11

JU# 2.17 Anluwivesnmundluldazgann
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2.11 dautsznauili@auiu (Connected Component)
msmandszneuiideniulunim Wunisuendageenanituvduasanunse

vonvauwavasingiananli mevndulsenauiideutusndusiosinnsanarsyiuding

Yasfinigaiifaiy frusly r(x,») JuRnwadidosmsmfineailidousu wwuansiineg

P v oa Y < a o \w
Meuseiuiinea p(x, y) luuuiuouuaruuimslidagui 2.18 uazisannisifonsoiuves
=Y L2 1 1 = H’ d’ 1 ar o d
Anwaluwuudindnin N, (p)wazuansineaiieseiuluwuamuesiagui 2.19 ez
d ! = e 1 1 d o s L
Sennsiensiavesinauuudnanit N, (p)diedn N, (p) wiswiu N, (p)aeld

o = o A PRI, = = '
Tuiineafiteuseriuniun 8 Ainwa 13end1 N, (p)

(x-1,)

(xy-1)| p(xy) |(xy+])

(x+1,y)

< a < .
JUT 2.18 Anwaniweumenuuuy N, (p)

(x—I,y—l) (x—I,y+1)

p(x.)

(x+Ly-1) (x+1y+1)

A = d A 1 s
JUN 2.19 Ainlwaniveusanuuuy N, (p)

. 1 = A IJ 1 v o at o =

fethvesiniwaiiensoiud miunmenm B uansfinga p uaz ¢ 1Ju
o P ! . a a o 4 ! a = <
wnwanideusdeiu laefillaulvvesnrsmfinieaniveuseny Aege N(p) w3e

s A

peN(q) uae B(p)=B(gq) aagui 2.20

4 = d A 1 s o
UM 2.20 Ainwanfeusaiuluninetism
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] 9/

P v a | I a o o 1 v o = a o )
Jeldfnwaifeusaiuud azthamseivdimiineatuguilisudiieuiu
= | o i 1 L2 =, !4 A 1 L v 1 d‘ l'-‘ll L o
windleszaudmivhiuuas dufinafidensdeiuuds ssdudnuszneuiideuiu figu
P~ & WY a | o o v & | v oo
1 2.21 agiuldindauusznaui@aunuiaun 3 @wlsenoumeiu

BW=[0 0 0 0 0 0
01 1.0 0 0O
0 111 0 0 O
0 |1 &% 0 0 0
0 0 o [2 2
0 0 0%0 |2
0 0 0 Zféf?
0 0 0 O\ﬁ’ 0
Labeled Connected Components

= ' = o
JUN 2.21 eudseneufiiennu

2.12 M1 UaunIn (Edge Detection)

nMsvauMnAsMsIdLYeUvasiaglunmIodauyssnauiideuiulne
o1furnlliisoilesvesrissdunnududimussiinisaiogindu dmmveunwldigndesd
wannsanALIaUN fufluarsustesingitogluamld mamvsuninannsanild
VGRERGI M

2.12.1 F5wnsiAbud (Gradient Method)

MamveunWIRHarliiEnsmaahaauayangeaalugUreseyius

Susuimisweanm 1(x,y) lnoaiidurevazegimiedunsalead mamveunwisine
nMsmuunvennsiieud uandldluaunisi 2.8 FBdeiigalunismvsuniwionism
wasAdeulvefinwaLLILMLasIIRANTva I Fadumsussuntsmoyiusly
wiakmazIRed] annsauandldfiaunsd 2.9 uay 2.10 sy anduthans
weyiusluwumazneeduiinufusldmuunaveansisuddefifevauninians
idsaunts 2.11 wansmsmwsunmlngnismuadisndouilvesfinwanuiuniuas
podlleivaguil 2.22 dhadramsmvoundeiBinadous wansliesuil 2.23 a1
?J@UﬂM%@ﬂfjﬂJﬁlﬁLLﬁ Roberts, Prewitt, Sobel uag Canny 1Judiu ﬁdﬂ%mmﬂﬁwuﬁ‘ﬁ
onld3s Canny ewnannsomusumiuazdeavaseuld feazesusliludessly

al| |er

Glx,y) ==+ =L, +1, (2.8)

Ge(x, ) =|1(x, )~ I(x, y+1)| (2.9)



GC(x:-y) :|I(x:y)—I(X—1)=YJ

G(x,y)=GR(an)+Gc(x:Y)

Hx,p) G (x,) iadivuinnadnd

Gy {x.y) waRuudioeung Glx.3)=Gyla¥)+Gelxy)

= ! < =~ = [P
E‘U‘W 2.22 MIAUBUANIAENISTRIHAANNLARDUNIVOIRNIALUILA LA ADSL

. ;(_\ g, “,5 =|HLJ’} . Lg_"\*g Gle,y)=G, nyh+ (f ‘.,i]

4 a 1 2/ aa =l 3
E‘LJ‘V] 2.23 oU1NITWIYUNINAILITENTLAL UG

18

(2.10)

{211
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ac .
2.12.2 A5a1Uana¥eu (Laplacian Method)
qntnlll e el o & o (7 4
mim‘ua‘umw:]ﬁu%x'!mﬁmimaqwuﬁaumwﬁawmmw 1(x,y)
. % v o fwv w A v ! v fw W A
Faaglansmeywussuduiaedusuiuaiuandlddaunisi 2.12 WAZNIVRYNUSIUAUT
a ¥ o ld d o s o aa
aoalunmedulnansldiaannisn 2.13 Wethuisuniuazlaveuninvesisanvataidey
o o o | ¥ aa = [y P
WARILARIENNISN 2.14 frag1an1TiIvaunNIwaIEISa1Uanaldeu wanslifagunz.2e uay
= al a ¢ a [EY) P
amdisuiisulunismveunmuuuinsifeuduaranUatadeunanalagua 2.25

2
e g";’y)=1(x+1,y)+[(x—l,y)—ZI(x,y) (212)
2
2
LE(C3) ‘;if Y [(x,y+ 1)+ I,y ) =21(x, ) 213)

G, y)=I(x+1,»)+I(x=Ly)+I(x,y+D)+I(x,y—1)—4I(x,y) (2.14)

(x.)

. Cx'{ z.m;q:y{x,y} ‘-H[.t’._rjl

= w 1 v a =
JUN 2.24 Megnlumsmvsuniwmgisauaadey

o o

Gradient Laplacian
ot o €gr g -=; ok w dur &r 4'
ATDHHHLOHALN 1 AROHHHIOHAUT 2z

¥wimanuy Sobel

A 19 = =l
JUN 2.25 mwidTsuiiisulunsmveuniwseiBinsuisuduazalanaifou
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2.13 MIWIYDUAINAIYAS Canny (Canny Edge Detection)
funoumsmuaunmeIatisudusnnsUsun ik (smoothing) A28
nseunddeuitordndygrasuniu andufunsunauasimnesunsidoud Tag
T#38nsmeyiusdusunis sounlii5dnailsinniian (nonmaxima suppression) e
vilildweuiivisas  uagludunougavieldnisdmuadauls (double  thresholding
algorithm) WieszyRnwailiureunasireidendevey Fsaveiureneanduausastuney
13l
2.13.1  mMsUsunmliseu (Smoothing)
-ilzumauLLSﬂmmmwwaumwﬁfaa‘i‘ﬁ’ﬁwﬁmfi’ﬁﬂa%’ay)mymiumuaaﬂ
roulagldfnsaimdidou feansasnnaldannisldnsey (mask) swadn vunpves
Gaussian mask tmniiwinn$eeziinarilrandeeasuniuldinn usdndrannduly
afiuaviliveugesq Miluduneasdeniumely savesnmiiniunsusuldSeuses
nsoumddeumlaliainaunisi 2.15
S[i, j1= Gli, j, o 1* ITi, /] (2.15)
Ili, j] = Amdigasmsmveu
Gli, j,o] = fnssumdidiau
o = ATUANTYFAUYBINTT smoothing (spread of the Gaussian)

2.13.2 AMUIUAIVUIALAZHANIIYEY Gradient (Gradient Calculation)

Tudunouusaliviunn 117, /] Wilnnusey wadnéiildaenlu
Waidu S[7, /] Fupeufldesdonismarvsunsioudlufiameueauny x unugae Pli, /]
warluAmnuesinuy y unume o[, ;] u,aamm'mﬁwummmmaqﬁus‘é’uﬁwﬁwm
Pli, j] wae O[i, 7] pudsusasunsi 2.16 waz 2.17 ntutien Pli, j] wae Oli, /]
unsmayRussusunislufuaunsuivasuluuressyuuiitmanluduszunuftads
Faftevunauasfismaveansifeus Tdvuavesnsiieus MTi, ] Seaumsi 2.18 uae
Aensvennieud 6l j] feuns? 2.19  waraunsewian @ senuildiieunuand
wUshuilertusaaunisi 2.20

P[I,]]"r-b‘ S[Ia.]+1]_S[I=J]+S£I+LJ+1]_S[I+l=.}] (216)
Ot /]~ S[z',j]—S[i+1,j]+S£i,j+1]—S[i+1,j+1] (2.17)
MLi, j1=/Pli, jT +Cli, T (2.18)

o1, j1=tan™ (O, /1, Pli, j1) (2.19)
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6 =tan"'(x,y) (2.20)

2.13.3 mwﬁ'ﬂﬂ'ﬂﬁlﬁmnﬁw (Nonmaxima Suppression)
dmiumsmueulngiBnisves Canny  gedidoidudureuldiudos
Hugaitldrrgeaniamziiuasduiiamadefunsifouds SeieiBdnanidvhlilfueud
viaites 1 Anwa amdildndanisimsedndilldunigaudiezlinndugudluynga
uniugafifumgsandining (local maxima points) Seazdansafsls
2.13.4 N5 mUAAIALUY (Double Thresholding)
wiawazkunsvindyaasumulutuneuusnudaiinig amd
onadaliduveuililiveuiinsiaiausngegsuiiesandyanusuniuniednuasasing
TunmiduiiuiaiifaanaeviediswasiBeonaneluin shufieandeymdenaniddiinng
fvumen threshold Tuwn 2 #1 Aie high threshold (T1) uas low threshold (T2) Tng
fnwadififinnnnd1 Tt sggnuiuiiu 1 (Hufinwadiduvey) widhisend T2 aegnuiu
W 0 druanilegseninen threshold visass mauFuilueh 0 wie 1 uiuegiuiniuail
agsaving mnwuirfinatiegseutwwesfinmaiiduvevazyfuaRnimadand e
Hu 1 wasfofniwatiuundsdumninamueumeituiu

2.14 nsadedindsadensouvaulning (Bounding Box)

Bounding Box fe Awdsuitussyinglinelulaglisuedmasududiaiy
voulnvasing AmdsuiliinfgailannsaaefumdenseuingléiFondt Minimal
Bounding Box n1sa1sdmasudsnanidazdielunisianituil gagudnan Afavesing
Tunmideusnaeuwniiala waAslunsaisdndsudeusoureuinaresinganusn
uamalifaguit 2.26 Tneluguil 2.26 () nwingitdesnisasdimaesdeuseu sUfl 2.26 (b)
uamuduTBULALYAITUNTREAYRIIRG SUR 2.26 () wansmsmknuBnuazunuTnesTg
vntusgiimsmsumiiifiseshmnammsessisdunsuingiivnilgadesd 2.26 (d)
TnefionsanandiusuuuesinuenLazAILE190ILNLEN (A Lag B) sauviin1sfiansa
NnUIINdLTBvsnulnuavduyIewmnuln (C Las D) davinenazldmumisiinelu
msasnassdvasuiidniaalunislndewing
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{a} Example (b} Centroid and board of okject  (c) Major and Kinor axes

B K _’,,-v'"
e
(d} Upper and lower furthest points (e} Four vertices of bounding rectangle

< a L4 < =l 2 a
JUN 2.26 wnAnlun1sasEmddeNsaUTaUA TR

2.15 \wunsegd (Centroid)

PTUNTBLRUMNTAGR Aa IndRvaadunsiiimunfiutegusne x sanidu
aosdumuliadving fu vieFenldndunnliugdunmssgarouaiiogaely
JUIn x viemnaunlatidugasudnansianiogerudaivesingmumdnidnd dnunsa

Annaiuessunsessvasguatemasu (C,,C, ) Iiamnaunisi 2.21 e 4 fe
ﬂil A | =y o U @
Nufiveagunatewien (x,y,) Ao9ABaA Uay n ABIILIUTALEA LAYENSAMAGILYS

Y i ¢ 3 o
A4 luaunisldnnaunisi 2.22 aunislumsvwunseganiogudnalaenauiiye

¢ [

a dl @ o = ) I
Audnanegi (a,b) Wermauilsall »  aansavalaainaun1si 2.23 nwfoL19qaLEY

U u

L3 2 e A
nsgAvedNnauLanuiuaannuInuansldsgun 2.27

n—1

1
C_r =6_A+Z(xf -I_x:‘+1)('x"y""'l _xjﬂyi) h
i=0

(2.21)

n=I1

1
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n-1

A = %’f Z (xiyi+l + x£+1yi) (222)
i=0

(Jc—ar)2+(y—b)2 = (2.23)

d o 1 (3 o (3
"SJ‘UV] 2.27 F’T]E)EJ'NL‘Hu‘ﬂ'i@ﬂﬂ‘llﬂx‘i’mquﬁﬂ\‘l%ﬁL%Uﬂii)&lﬂLﬂU@ﬂﬂ'\ﬂU’m

2.16 MINATITVNT0A00ULTUEY (Linear Regression)

mssimsonnsaduiinsmaifedmil Aldlunisameseudney
vosrmdITUS T afLYs 2 Mustuly Tasndaduduusdy wasfudse el
nswisfiemannudiuius viedunslinseilagardedinsiuandud suiludniily
wensalevasdndulsuts Tasofeaunismeadnmans

2.16.1 WNUNTWNTLAY

msnnesinnuduiusyesinlsasshannsodinsesilaieludign

Tuzuvesnsmanaduius Miendiusuniwnssane dmnsunmsmanudiiussznine
w5 x wazduts y dumeunsniztihdeyavesiuusiisaouniBeunsamuansanadiiug
Mntfufinsanuiunmnsznsveseyaiasrhogluguuuula wu Wusss Wnlwaudva
Qi Tnsanunsadeuniuduiusvedeyalieglugunuunadaansle ununimn
nszapgULUUAIUans A NENRuSIARdlFfIgUR 2.28
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Y X
3 r'y
» i.‘
- . Y
o
-
i - X > X
aymrwdmiu iR
%
L
i > X > X
w & - - L. e
a1 prmERusiren lusadoemiayn o nawduiudfionmen dnaatoannu
¥ Y
) .
(3 T 8
- - -« o *
- .-'.l s wy, .‘-
- ® -
* .- & o
. o -
» X + X

v ou o d 4 e bow
) nwFuiuiium s Q)Tuwmumwmwnu

u L3

3UN 2.28 ununwnsEeFULUUAI99BINTIMANEIRLS

2.16.2 MsBATIZNTIARNREITLAuaE 194
NTIATIEINTaRnELTud o198l JULUUTDENNTITAIENRUS

wilourivaun1snsadamansiiunguuuuaunismnduiusaun1sonaoe wanalan
< d a v v o ) a £ <

aunnsh 2.24 WaIATEMUNUNMNTEBLTIRDIAIMMIAdLUsEAnSvasaun1sdife

B, waz B awhlinsuirnudiiussenin x way y hilenuduiusauiunionss

= o w a1

2/ s o 1 s a ﬂ‘ o kY a 2/ l:! A v
VIUNU ﬂ’]iﬂ’m'Jle‘lfﬂﬂ‘T?llJ‘lJiSﬁV]ﬁﬂf@dﬁNﬂ?‘iﬂ:ﬁﬂ?U?fﬂﬂ’lU?ﬁﬂﬂﬁﬂﬂ@ﬁuaﬁlﬂﬁﬂm@lﬁuﬂ’]

4 o =
m’lmamﬂaauuaﬂwqm
Y= ﬂo +ﬂ’1x¢ +e (2.24)

o y, Wududsau
x Wududsdass
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I 4 Y
By Wuaanauny y
B, Wusmnudureadunse
1 d 1 )
e, Wurmupaaedoustndy

Vo w < ad o o <
2.16.3 n1susranuAduUsEanslaeIsntasdetosign
B waz f awnsadsziiuailaann ¢ uay b muddu an

Aunsil 2.26 wavaunsi 2.25 lildaunsi 2.26 uagldnavanAauaainadousn
MStdaI U 2.27 ﬁaﬁu?ﬁﬁwé’aaadﬁaaﬁqmﬁa MISMAENUSEAYS @ uaz b AV
Tiifnmunanandausnidsaesiiedosiian Seamnsousvanui ¢ uas b Tawaunis
71 2.28 uay 2.29 MUY

Vi =avbx (2.25)
N (2.26)
Yi—yi=¢
n e’lz i Z (yt _;i)z (22?)
i=1
a=y—bx (2.28)
() ()
3 257 (Zn : (2.29)
2 th
oo

2.17 lulasroulnsaiaes
2.17.1 anuvdngvesiulasreulnsaaas

lulasnaulnsameiMicrocontrollen) Lvdevesgunsalbidnvsedind
wuunilafisaeiieyssnaana wihefuaameadamiansuazanin 1995 5udyeye
dunm 1TTUFY QY IeIANA MUEANTT 2T nledyamurinilinaeiy vinld
ansaihlUldnuununnsdidamsedndidudouldiiuednd drsandrutuginsniuay
gunveessuy luaneiifidaniiuaiunsageiu areldsuuszauiinusay
lulasraulnsataedinain 2 fmswdufeddn “lalas”  Micro)  Feagmunefi
lulasTusiwalwes (Microprocessor)  @wasifiumieuszanananas vieddly  (CPU
Central Processing Unit ) wisA1uIunsadinAa@nsuazandn (ALU : Arithmetic Logic
Unit)  29asideudemizeninusinazasnsdyyiouniin SnAmisie "neulnsaaed
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(Controllen) wnefsgunsairauny fufulsinsnavlnsawesTudugunsaildluniseunu
Tneianunsadeulusunsuiteodmunguuunismunyldesnsd
2.17.2 lulasreulvnsaianinszgaiadons (AVR Microcontroller)
Lulasmaulnsataes AVR luledlulasreulvsaaesvasudsm Atmel
flanUnonssunielunuy RISC (Reduced Instruction Set Computer) laedivinlsienda
annsanssiuminuedulasneulnsaaes e 1 Adwrannsavhauldly 1

FOUUIRAN

TasaaselnemluvedlulasmaulvnsaiaasMicrocontroller)  @4dl

| a0 w [ =
drulsznaundAguanalarinisne 2.2

P | | o w ¢
PNINN 2.2 drulsznourneg ndagradlulasreulnsaasd

dlsznouvian

uaLLdun

nuIeUszanananai(Central Processing
Unit:CPU)

Usenauldsae 2 diulvgqfe miae
AIUALLAENIgAILI Ivtfilunisun
JoyaniunardwUsziang

mhgaud(Memory) AudeyauarTusunsunisvinausiieg a
wipaudansouddliilu 2 dszan
AD LI U J0U

dfAnsieneuan(Port) duilasldidoudefugunsainieuen

ansowusldilu 2 Ussian fe Buwe
wosa(nput  Port) uay Le1AnANEsA
(Output Port)

YOIN1UAUYDIFTY QY 10U(BUS)

VaaziUudiunldlunisdedoya
=

Ansedeasuaniuisutoyasening Iy

&

wiieA1897 Lagwesn uuseenilu 3
Usziaw laun

Vafley : Hudawindidayafimnmaien
Tngagdruonasaludamiearud
Uadoya : Wudaviadadoyauuy
avaiianns Tagagyinmii i duniiiuly
nydetoya

Jamuau : Wutaifnidlunisdmiasu
dymruaruauIznindiyfugunsnl
AEULN
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TneluuSyaanusiladenldlulnsreulnsaaasiofiuni 168 (ATMega168) TumsuAu
nsvinauludiuvesssuunsulfiou
2.17.2.1 foyaifostuvedlulasroulnsaiaesiofiunt 168
(ATMega168)
n1saaLsee1veslulasneulnsaiassiofiiuni 168
namalifagui 2.29 SefamaudRcei
—wUwANIUSUNINLUULWaY (Flash Memory)
TneruInvesnienIusidiut azviafu 16
Alalus
—fimheAnuddayaiuuieansy (SRAM) Taswuin
yethoausEEesiiy 2 Alalus
—ilmiearminteyauuuddnseu (EEPROM) Ing
guIRTavithemusdias ity 1 Alalud
—diureInsatuayunisivdaeyaiuuloaunlid
(12C Bus :Inter Integrated Bus)
—illpsaai1adune (Input) wagiendnm (Output)
WM TIUIU 20 WO
—danvasdygrusuraenliidudygruidvia
(Analog to Digital Converter) wu1m 10 Un
TIUIU 6 V09
—annsaldruiiruigean 20 wnngssa
—aunsareldaudssauLss 1.8 Thad LU
auile 5.5 laadt
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e
(PCINT14/BESET) PCa [ 4 28 [ PC5 (ADCSH/SCL/PCINT13)
(PCINT16/MRXD) PDO L 2 27 [ PC4 {ADC4/SDA/PCINT12)
(PCINT17/TXD) PD1 [ 3 26 [1 PC3 (ADC3/PCINT11)
(PCINT18/NTO) PD2[] 4 25 [ PC2 {ADC2/PCINT10)
(PCINT19/0C2B/ANT 1) PDA ] 5 24 [ PC1 (ADCH/PCINTG)
{PCINT20/XCK/TO) PD4 6 23 [1 PCo {ADCO/PCINTB)
veer 7 22 [ GND
GND [l 8 21 [ AREF
(PCINTe/XTAL1/TOSC1) PB6 ] @ 20 M AVCC
{PCINT7/XTALZ/TOSC2) PB7 ] 10 19 [J PB5 (SCK/PCINTS)
(PCINT24/OCOB/T1) PD5 [] 11 18 [ PB4 (MISO/PCINT4)
{PCINT22/0COA/AING) PDB [] 12 17 1 PB3 (MOSIOQC2APCINTS)
(PCINT2%AINT) PD7 ] 13 16 [ PR2 (S5/OC1B/PCINT?2)
(PCINTO/CLKONCP1) PRO (] 14 18 1 PB1 (OC1A/PCINT 1)

< Y
g“LJVl 2.29 NM39M19T BTN 168

o = o ! = Yo P
F931082188AN1TYINIUTB ARV VBTN 168 LandlARinisIen 2.3

g 1 i
2.18 9139lu (Arduino)
13 [ 3 = 1

913qlu Ao gulvvredlilasreulnsameinsena AVR - Fuduwuy Open
Source Favilvilvianuanlafudiuuunn uazdl Library Tildeuunnune annsavhau
lamnszuuuuAnag i Linux, MAC , Windows (dusiu waulusunsusaenwn C++ &
N al M 5 « 1o al J L7 - [ 174 v
anunsnavkazeulnily uenannuuenigludsisiniusendauasiigensuasvldanuls
W3 Jevibazmaniunisiaulusunsy Tunsidgesnsiilulasreulnsaeesanunsayinau
o gliTudussdeadoulusunsuddaudiludnislilulaseeulnsaaasausiigg iy
g =l

nsfuAngunIalmeuenuuananadteueadd (Ousu Taslunsiloumdaiuassosd

g
o o LY

Wanduaeetas 2 Wndude NeAdudnsunisaedn (Set up Function) wagitendudns
n3guredlusunsy (Loop Function) Ingguuuunisieuileiduns 2 1Juludsd

-void setup() : WarduthBuilsidunseisen Tidmsuimuanisyiaures

2 wa - e & = & |

sruuvEeRauTRvesssuuiidsiegmeluilsiduilasiuSeuaiioulusunsudon

- void loop() :flerduililuflsidudmiudmdisieanisliiimsiugunserine
o o & 1 a = = )
Faednegnegnalurzilssuaiioulusunsumen
Ingneludsyariinusilaveduiedinmsldnuensoludesiu fail
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P v ol [ ] =
AT 2.3 FUINNITNNIUVDILARZVIVDDYILUAT 168

ANUIY i) il
1 PC6 | wosmillddmsusidn (Reset) mevhanvedlulasnevlnsaees
2 PDO wa%mﬁﬂumﬁuwmﬁm%’u%’u%’aaﬁmﬂnmiﬁamm‘uuaqmu W30
21 RXD
3 PD1 | wosniidurendnndusudstoyanisdoansuuueunsu wie
Y1 TXD
4 PD2 | wosniliunrBunaiudygiaduaeiimiannnisuendes 0
w3811 INTO
5 PD3 wa%mﬁLﬁuwwﬁuwm%’ué’mfwauﬁul,ssa%”wﬁmﬂmauanﬂaq 1
307 INT1
6 PD4 wa%miﬂu’uﬁuwmﬁm%’u%’u Foygralnwesannnieusndes 0
%501 TO
7 vee | snelwlituilulasaoulvsaiaed Saasdedniuinasdngln 5
T
8,22 GND | wesmillddmsusioninsmg
9-10 PB6- | wosailduwndmiudenianen (Crystal) Wieasnadayaranniing
PB7 | lumisAmusdamznisviaiuvesiulasreulniaass
11-13 PD5- | Huvidsiadunauaziendnadmsuldausialy
PD7
14-19 PBO- | WuvAdviadunnuaztevmadmiuldeuiily
PB5
20 AVCC | Pelrlvifuisasuuasdyaaeundondudyyiaidva
21 AREF | andmsiusadaussiudmsunissudyyineurden
23-28 PCo- | hmoundendunauaziendmadmiuldamaialy
PC5

o a i N v i o o M oo
1) vhmsialusunsy arduino.exe uansmiisinalusunsuldsagui 2.30 Tunsandalallvin

a @ v v " .
msAnAsansatluaailvanlaf http:,//www.arduino.cc/en/Main/Software




Arduing Mintwd ATmaga 162 on COMI

< v 1
U7 2.30 nialusunsuensgl
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2) melulusunsuenigluaziivinangvaslysunsueneg waslumunanyjvedlusunsuduasd

mognevadlusunsy (Example) Insiamudunouda naf File>Example

L A
TUswnsuRAasun 2.31
Y G W W LG T———— i

[
a

JU# 2.31 dupeunsidignisiladegavedlysunsy

ARG



31

2

o ' o ) 9 ¢ 1 = o a
3) Lﬁmwmamsmmww’fl,aﬂunﬁ’mmiﬂ'ﬁl,Ln'ium'iﬁﬂu Tuftlagyinnisideanluswnsy
G]’JE)EJ’]W]JJ‘UB’J’] Blink fmvaa'luwmwﬂﬂmmwmam Basics fasUTl 2.32

E8 sketch f;!;ég'n| Hrdumc 1 0.5 M

| [File] Edit Sketch Tools Hzip

i New

Open...

Sketchbook

Examples

Close

k Save

1 Save As..

Upload

Upload Using Programmer

Page Setup
Print

Preferences

Quit

Ctrl+N
Ctrl+0

Ctrl+W
Ctrl+$

Ctel+Shift+S |

Ctrl+U
Ctrl+Shift+U

Ctrl+Shift+P |

Ctrl+P
Ctrl+ Comma

Ctrl+Q

01 .Basics

02.Digital
03.Anzlog
04.Communication
05.Control

06.5ensors
07.Display
08.5trings
09.USE
10.StarterKit
ArduinolSP

EEPROM
Esplora
Ethernet
Firmata

GSM

Keypad
LiguidCrystal
Rebot_Contrel
Robot_Motor
sD

Serve
SoftwareSerial

AnalegReadSerial
BareMinimum

Blink

DigitalReadSerial

Fade |
ReadAnalogVcltage

ld - o/ ! .
UM 2.32 madlalusunsudaagna Blink
o a | J ol °
4) vinsnaaeulusunsuiiden Tnen1snalu Verify luiifiagvinisesinasulusunsy

Fhets Blink faguii 2.33
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&9 Blink | Arduino 1.0.5-r2
‘File Edit Sketch Tools Help

second, repe

nected on most Arduin

e runs once when you press e
£ rialize the dagival pan as an gurpuc,
pindicde (led, OUTPUT);
}
/ tha Joop rourineg rund owey and over again foreven: |
ul Roop () { -
allixite(led, HIGH): J7 turn che LED on (HIGH is the volta
(1000); A4 wadt for a second
gitalWrite(led, LOW): A turn the LED of g the vol ¥

Binary sketch size: 1,084 bytes (of a 14,336 byte maximuam}

Arduino kini i’ ATmega1B8 on COMS

SUTl 2.33 nsmsreaeulUsunsuiiiTou
5) neunsifeudeysadlulululasroulnsaimeidelusunsueiglunnads Sudufiasses
\donAeumesn (Com port) uazidenviinvaauasn (Board) lnuneil Tools > Board fagud
2.3 dmdumsidenvinvesvasn uardmiunsidanaounedn aznail Tools>  Serial

Port 33Ul 2.35



Arduing Une

Arduine Duemilanove w/ ATmega328

arduino Dizcimila ar Duemilanave w/ ATmegal 63
Arduing Manc w/ ATmega228

Arduine Nang w/ ATmegalés

Arduine Mega 2560 cr Mega ADK

Arduine Megs (ATmegal 250}

Arduine Leonardo

Arduina Esplera

Arduino Micro

Asduing Mini w/ ATmegs32s

Arduing Miai w/ ATmegalt

Arduing Etherret

Arduing Fie

rduine BT w/ ATmega3ls

Arduine BT w/ ATmegal53

Lily?ad Arduina LISE

LilyPsd Arguina w/ ATmegs3le

LityPad Arduing w/ ATmegaltd

Arduino Pro er Pro Min: (Ty, 18 MHz) w/ ATmega32s
Arduine Pre or Pre Mini {5¥, 18 MHzj w/ ATmegal 68
Arduine Pro or Pro Min: (3.3V, § MHz) w/ ATmega328
Arduing Pro o Pro Mini 2.3V, § MHz) w/ ATmegalés
Arduine NG or clder w/ ATmegalés

arduine NG or older w/ ATmegad

Arduine Rabet Contrel
Arduine Rekeot Metor

A = =Y L3
Ui 2.34 asiaenyilanuasuasa

Chd+T

Archive Sketch
Fix Encoding 8 Reload
Serial Menitor Ctri+Shift+M

Board
Serisl Port

Programmer
Bum Bootloader

Arduine Minl w ATmaga18e an COME

U 2.35 maidenviinvamein



6) Tumeugavinevzlunadeudeyardiacuudilulasnoulnsaaes

ety Upload wiadgydnwel FagUil 2.36

L3

% Blink } Arduino 1.0.5-r2

File Edit Sketch Tools Help

oong Uuiod ey
pefheg it

|

5%

Binary skectch size: 1,084 bytes (of a 14,336 byte

maximum)

il a Auduine Min: «f ATmegatllB on COM3

= = ¥ o a
U 2.36 nsWsuteyarmdwavululasreulniaaes

2.19 n1sieanstiaya (Data communication)

2191 n'nwmwaanﬁﬁamsi’ia;‘ga

34

Fagunsavilalae

msfeanstoya Ae msdeieyaiivhnsidhsiaszinegunsal 2 via
Havsznoude qunsalileds (Transmitter)  gUnsalfladu (Receiver)  uazdfanandluns
dedeya (Medium) denansilldlunsdedayaamnsautsliifu 2 Ussov Wuruuuilans
(wire) wazuuuliany (wireless) Inedayafidsazagluguvasdyyniinea

21925 Lﬂﬂ’ﬂ‘é]ﬂﬂﬂi?;aﬁ‘]‘i

Ussinnraanisdeansieya aunsoudalsiiu 2
4 ; e - -
daansuuueynm Seral communication) WagN13ERATTL ULV (Parallel communication)

= ﬁ ] = a -1
YINT E)ﬁ'ﬁLLWaSEU LUUIZUINYRELDYARANIU

sURUU fi N9
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2.19.2.1) mﬁﬁami‘ij’aa&at,muauniu (Serial communication)

nsdeansdoyauuveynsy iunsdsfeyaniaay 1

T wazFeeiureludenq suduganmsdduuiazads dedervasnsioasguuuuiie Sms

Weeililumsdedoyaiifos wive 2-3  wdu whdudnfsdsanusaiuussdifeyaldly

ixaxmqﬁlnalﬁﬁiﬂamiﬁaaﬁﬁm‘;aLLuuménsuLﬁaLL‘Limmé’nwmx‘uaan'ﬁdqﬁmﬂa AT
sl 2 wuy

219211 ﬂ'l'ﬁ?iﬂﬁ'l'ﬁ’ﬁ@ﬂvﬂulﬂﬁﬂﬂ'iﬁﬁ(syl'mh]'mluus)

nsdeanstoyauuuddasiadunis

dvfayailuuden Afaazvans luddyana Tnpazltdomnsansdygruunitnigislunis

I &ar v a @ =
viuvesgunsaldiargunsnifuaonndesiu dauandlugui 2.37

dynynuniimileda dynnuinies dyannuniniilady

#ienansivavesdoya
o

aunsad gunsal
ot 10100011 10100011 10100011 10100011 d DRl
ARGN AR

4 | v a s
JUN 2.37 Msdsdeyaiuudalasia
219212 n1sdearsdoyauvuardalasa
(Asynchronous)
nsdeaisteyawuuesdslasia (u
) | v & ¢ < € L 1o & W v o
nsfunazdetoyanisazl lud Tnedigunsaliunaveunsaldslaidndudedddomesves
o = W P w o Yy o o o) o W o
dygrunAnipediny uiveyandzfaaliuuuuinefiungunsaidesuidila lnaniluay
légunuudsilae Gududedasudy (Start Bit) awshedoya (Data) awsednw3h
(Parity Bit) wavasAuanmedndusgn (Stop Bit) Aauanslugun 2.38
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ﬁﬂﬂﬂ@ﬂ’lﬂﬂﬁﬂa\l‘ﬁﬁgﬁ

Toya
1 10100011 0
gunsal . * gunsal
Hads Unisuau Uniiugn Hedu
10100011 0 1 10100011 0 1 1011
\ «

1 ' i v /’
dorinszrinteya

P | v a )
UM 2.38 naddeyauuvesddasis

2.19.2.2 nsdemitoyauuuvuu (Paralell Communication)
< 2 i | W v P '
nsdeansteyawuuvuu Wunisdssudeyaiiasngu
Inedeyaluusias 1 A%t aunsnddlana 56, 48, 32,24 ,16 Tn 10wy wasasgnasaanain
3 @ ¢ 3/ ) o @ e v v = ' y
gunsaldsludegunsnifunsonqiu lnefidesdyyiuildazdosiauinetiaton 8
1 o/ o W ¥ 1 =y o d
vosnyan lneneluihdeliasuanimsdieyauuu 8 Un Awanslugun 2.39
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1 .
0 L
0 -
! < O } s
gunsnl gunsal
Hada 0’| | sy
' nl
0 -

Uil 2.39 madeansdeyauuuauny
2.19.3 11n5§IUBI5IRE 232 (RS-232)

915104 232 vi3efigernanAin Recommended Standard 232 1{u
mmsgIuignawnssuaLEnmseting (Electronic Industrial Association) 3o EIA ldfmus
T ielflunsimiisuuardsieyalusuuaynsunieiiiendh Universal Asynchronous
Adapter laganasgiuesiod 232 fisvsiuussiueglutie -15 s 15 Taad Taefiaedn “0”
wdluseiuegluyag 3 6915 Taad wazaein “1” sxflusulugas -15 s -3 Taad sanansly
U 240 nsfeusemuanmsgiuendiea 232 tuaslimedynnu 3 Fufife medsdoya
(Tx) awsudeya (R uazns1st (GND) Tunisldiuasdniiuassesihasiuasuseiy
wseAuYetasied 232 wlusiuussuresiifiueansu
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seiunssiu(land)

+15—]

+3.

-15
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syatem{®raspistill -o abo.jpeg -w 640 -h 48B0™);
Mar image = imread({"abec.ipeg"™):

wamediindow ("Image:™, 1) :

mehow ("Image: "™, image} ;

aitRKeyv (0} 2

i 1y

2

Mat gravscale;
cvtlolor{image,gravscale, ¥
namedlindow ("grayscale®™, 1) ;

imshow ("grayscale”,grayscale);

waitRey (0}:

HMat bnimage;

threshold {image, bnimage, 230,258, }:
namediindow ("binaryimage™, 1)

imshow {"binaryimage™, bnimage) ;

waitXey (3000} ;

HMar fixcol = bnimage.colRange (Rangs{230,220)):
namedWindow (" Eixcoliomm™, 1} ;

imshow ("fizxcolumn™ , Tixcol}) s

waitKeyiQ}:%

A v s 1 ¥ 1
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snt thresh = 1407

nt max vhresh = 255;

vectoryecror<oint> > contours;
vectordVecd4i> hiexrarchy:

Mat cannyop’

Canny (fixcol, cannyop, chresh, thrash*2, 3 }:
namedWindow (Ycannyouvput™, 1) ;

im=how (*cannyoncpat®, cannyop) ;

waitkey (0}

findContours (cannyop, contours, hierarehy, ’ . Point (Q,0)):

vector<Rect> boundRect (contours.size()}:
for (int i=0; i<conuvours.size(); i+3)

£

boundRect{i} = boundingRect (Matr (gontoursiii)) s
¥
Mar drawww = Matr::zezcs{cannyop.size(), }a
For{int i = 0; i<contours.size{); i++)
{

Scalar colour = Scalar(d,0,255);
recrangle {drawww, boundRect{i] .Tl ()}, boundRect[i}.bz (), coleour,2,8,0);
¥
namediindow ("bound™, 1} 2
imshow [("bound™ , drawww} ;
waitKey(0D}:
vector<Rect> boundRect(contours.size()):
for (int i=0; i<contours.sizef); i+h)

{
boundRact{i] = boundingRsct (Mat (contouns{i]i);
}
Mar drawww = Har::zeros(cannyop.size(), %
for(ine i = 0; idceontours.size(): i++)
{
Sealar colour = Scgalar(0,0,255)7
rectangle (drawew, bosndRect (11 .22 (), boundRect{i]l.br () ,coloux,2,8,9);
1

nanedWindow ("bound™, 1) 7
smshow ("bound", drawww) 7
waltKey () 7

if (contours.size() == 0}
{

}

vecror<Momenta> mu(contours.sizs() )7
for({ int i = 0; i < contours.siza(); B
{ mufi] = momenta| contours(i}, false }i 1}

vector<Point2fy» mo{ contours.size{) )i
for( int i = 0; & < convours.size(); i++ }
§ moii] = Point2f|( malil el0/muii} .m00 , maf{i] .moi/mafi] .mO0 )¢ }

vector<intd> abor
Mav drawing:
drawing = Mat::zeros (cannyop.size(), ¥

5UT 3.10 Tamesnaduduviaalees
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for {int i = 0; i < contours.size{} ; i++)

loat r = bpundRect{i].width/boundRectii].height:
oy o (hcunﬁ&ecz{;}.tl(;;y+bcandRe;tii¥.b:i}.y}fz:

{iboundRect[i].width > 4} && (boundRect{i].widch < 150) aal]

{boundRect [1].height > 4) && {boundRect[i] .height < 150} &&
{boundRecti] .area{) > 15) && (boundReccii] .area{) < 5000}

(v > 180 ) && (v < 400} )

Scalar colourr = Scalar {0,255,0});

51

rectanglegdrawinq,hcundﬂectfi}.ti{},bound&ect{i}.br(),colcuxr,Q,&,O);

abc.push back({i);

3
if (abc.size(} = 0)
{

for (int i = 0; i < abousizei}s it+H)
i

Scalar colors = Scalar (235,0,0}7
circle{ drawing, mcfabc{i}],d, colers, 6, 8, 0 33
3

namedﬁindmw{'rect‘,i):.
imshaow ("reect™,drawing);
walitvKey{0)

Mat draw;
draw = Mat::zeros{cannyop.2ize{), i

w e £ Soabo,zize -\ 14-0FH)

if { boundRect{abcli+i}l.areal) > max}

{
mazx = {boundRect[sbe[i+l]].areal}}:
idx = 1i#31;

Scalar colorrx = Scalax (255,0,9):
circle (draw, mc{abc{idx}},¢, colorrr,6,8,0);
Sealar colorr = Sgalar(0,255,0)2

recuanqle(draw,haundgect[abc{idxi}.tl(},bouﬁdﬁecciabc{idx}}.br(),cala:r,:,s,ﬁ):

cout << "distance {pizel} = " << mcfabclidz}].y << endl;

n‘ a s o 1 o 1
UM 3.10 TAARTIRTUALMULBEDS (AD)
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#include <rpi-hw.hpp>
#include <rpi-hw/display/hd44780.hpp>

e B ] AmMSE2TECTSE YDINW;
int maimy int ‘arge, char *args[] )
po

displav::hd44780 dew( 7, 25, 17, 18, 27, 22 ):

dev.init{ 16, 2 ¥

dev.movel 0, 0 }:

dev.write{ "DISTANCE : m® ¥

:‘ L 2
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;#include <wiringSerial.h>
‘#include <wiringPi.h>
#Finclude <stdio.h>

int main

fd = serialCpen("/dev/coyBMAQ™, S600)
while (1) (|l
for (3=0;3<6;3++} {
sexriaiPutchar(fd,i[il)};

i
delawy (3000);

§

A v 14 1
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char inChar([6]:

ant i;

tiloat r;

int buzzer = 7;

it dtine;

euid sebtupy() {
Serial.begin(9600) ;

3  (buzzer, OUTPUT):
(13, OUTRUT):

Jx

}
mid koop() |
if (Serial.aveilable()){
delay (50);

i=0;
vhile (Serial.avs bhle())
{
inCharf{i] = Sexdial.read():
i)
r = atof(inChar);

}

if(r <6 &« r '=0){
digitalWrice (buzzer, HIGH):
dtime = r*100;
dalay(dtime) ;
digicalllzite (buzzer, LOU);
delay(dtime) ;

a v [ | ¢
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e/hww.ebay. comitm/One- extra- hig h-bur ning - power - 1000mW- 1500mW-808nm-T O-5-9mm:-laser-diode- Gift-/251218447318 7pt= LH_DefaultDomain_0&h...

One Exra High Burning Power 1000mW 1500mw 808nm fo 5 9mm Laser Diode Gift | eBay

Hi! Sign in or register DailyDeals  Customer Support

m Shop by All Categories
category
Back to home page | Listed in category: Business & Industrial > MRO & Industrial Supply > Lighting & Lasers > Industrial Lasers

This listing has ended.

One extra high burning power (1000mW-1500mW) 808nm TO-5 9mm laser diode + Gift* 5., uignai ising

Cal

ltemn condition: New AB(
Ended: Sep 11, 2013 06:21:55 PDT DEL

Price: US $29.99 [ 181 sold ) eBa
Approximately THB270.49 Prot

Shipping: FREE Economy Int1 Shipping hel,r:
Item location: Heredia, Heredia, Costa Rica
Seller: specialized_photonics _lab (1154 ) | Seller's other items @

More chances to get what you want

One high burning power Lotof 2 x808nm 1000 Lotof 2 x808nm 1000 400mW 650nm high LASER HEATSINK

{900mW)... mw high power 1 wa... mw high power 1 wa... power buming laser... ©12mm buming las...

THB646.88 THB501.59 THB517.77 THB299.33 THB310.34

Buy 1t Now 3 bids 4 bids Buy It Now Buy It Now

Free shipping Free shipping Free shipping Free shipping
More from the same seller A

One Adjustable Current One high burning power One high burning power One high buming power One high buming power

(4Amax) DC... 0.8 Walt... {S00mW)... (700mW)... (600mW)...

THB808.69 THB339.78 THB646.88 THB517.44 THB452.72

Buy It Now 11 bids Buy It Now Buy It Now Buy It Now

Free shipping Free shipping Free shipping Free shipping Frae shipping
Description

Seller assumes all responsibility for this listing.
Last updated on Sep 04, 2013 21:02:34 PDT View all revisions

Item specifics
Condition: New: A brand-new, unused, unopened, undamaged item in its Brand: OEM

original packaging (where packaging is ... Read more
Maximum power output: 1000mW - 1500mwW Model: TO-5 (9mmy}
# leads: 2 Country of Manufacture: United States
Type of spot: lineal multimode Typical wawelength: 808nm

You are buying / bidding for:
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One (x1) extra high burming power (1000mW-1500mW) infrared TO-5 (9 mm) laser diode + One FREE laser diode *
* One infrared >100mW laser diode {limited time offer)*

This offer includes.

One laser diode with a assorted output between 1000mW and 1500mW of optical power + one extra FREE >100mW laser dit
+ FREE Shipping
All were made in the USA and are Brand NEW.
All items were professionally tested (spectral and power test) in our lab and all are functional laser diodes.

We also ship the dicdes inside an anti-stalic bag with extra bubbles for protection.

R B B S L i o o o N A SRR S

o _ s 2.2V

Maximum operation wltage is 2.5V

Tupi ;

The wawelength ranges of these diodes are between and

Maximum operation current depends of the diode, the intenal value is 1.2A - 1.6A
b L 0 S L S S VLA A S S A S S WA S OO O

*** Datasheet is NOT included ***

Manufacturer doesn't provide the data sheet at this time.
However, we do have a PDF file with some indications that might be helpful. We will send it after a purchase.

Diodes can be use for :

- Pumping laser systems
- Prototypes / Projects
- Some medicals applications.
- Graving and/or burning a sort of wood and some plastic
* does not work verywell on metals nor heawthick materials*

WARNING ! This is NOT a toy!
... by buying/bidding this item, make sure you understand and comply with the following...

1. Youamm over +18 years of age and know the potential hazandsinharent In high power lasar aquipment.

2. Youwilluse this devics in o safe and sane manner for a legnl purposes.

3. You accept thisitem a8 a companent for electronic integration in 3 system of your pwn design, You'll be respansbile for any damage to the diods

4. Yoube aware aboul e elactiodatic. efschic and thennal cauticnsta hardle and using hess itams,

You will exclude the seller and eBoy Inc. from any matter and all llability from damage or injury that may be susained.

6. Al temswer prevoudy teded and are runring propery; the sellerill notaceept rtumslor these artdes or provide ary full orpartral refund at
4 gpecial sitbation spacitied pravioudy by the saller

7. Once the iteam is won, It needs 1o be paid during the 18 - 3rd day. this will allow you 1o recelva the article sooner. Othswise you may need lo wa
gtandard shipping time will not be accepted.

BE AWARE
Laser diodes can be potential dangerous.

They can injure eyes and skin in an instanl, so never shine the laser in your eyes or skin.
You should use protection. You'll employ this product at your own risk and the seller nor eBay will be held liable for any damages i

INDICATIONS

There are some regulations that need to be adhered to in order to protect the diodes from any damage.
They don't live farever, and their “life time” depends on how many times it is used and the conditions that they are subr
Remember:

DO NOT touch the diode directly and please USE a proper heat sink.
It can be hurt by electrostatic discharge (use an anti-static wrist band and mat), passing toc much curent through the diode or awerheating or w
When it comes to supplying current to the diode, obsenve the polarity of the diode (positive and negative terminals... The positive terminal of the

Ihwnw.ebay.comfitm/One- esdra-hi g h- bur ning - power-1000mW- 1500mW-808nm-TO-5-9mm-laser- diode- Gift-/25121844731 87pt=LH_DefaultDomain_0&h...
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Shipping WORLDWIDE

Our items will be ship worldwide by priority certified mail and in most of the cases we pay shipping costs so you can have it fot
Tracking humber will be provided once we received it.
inpor’tant ! Any additional costs, such as taxes or country fees W!ii be cowered by lhe buyer.

F.AQ

How long do | have to wait to get my packet?

As soon as payment is confirmed, we take between 1 or 2 business days to prepare and pack your order according to your needs, after that we ship the packet into a
by certificate mail.

Packets may take between 10 to 25 working days.
That depends in how fast the local or intemational postal service handles your packet.

Approximately for NORTH AMERICA it takes about 10 to 15 Business Days

for CENTRAL AMERICA and SQUTH AMERICA about 15 to 20 Business Days
for EURQPE about 15 to 25 Business Days

for ASIA and OTHER COUNTRIES about 20 to 25 Business Days

Why the packet takes too long to arrive to my country?

We pay shipping costs and send the items by priority mail so they can ship the packet a little bit faster than the regular mai
However, we have no control how fast your packet is handle by the intemational customs. That's why we provide the tracking number which can be used tc

Why eBay doesn't show the tracking information?

eBay tracking pop-up nomally shows where your packet may be located. Howewer, il sometimes doesn't have register the company/senices used that provides the trz
In some cases (sometimes, for buyers how use USPS for example) it appears once the packet amives to a local custom area and if they scan the code

Where can | track and verify the tracking code you gave me?

You can verify your tracking number from Costa Rica to 1st Intemational check point if you Visit: correos.go.cr
just go to the "rastrec" tab located on top of the site and paste your tracking number, you should see the details there.

If you're in North America, as soon as the packet arrives to any state of the US and US customs scan the tracking number and add it into their system, you may &

If you're in other country or use a different postal senice, as soon as it arrives to your country, you may track it on your local custom office website. It might show ti
it and the code bars were scanned property.

If you're not sure about which website or senice 1o use, you can also try to track the packet on: track-trace (dot) com /post

If | just want to use the diode to cut, grave or burn stuff, what materials are recommended? Do | need to use ancthe
job?

The infrared diodes can be used for cutting, graving and/or buming some materials. Not all materials work.
For example, you can try them on thin wood, foam (dark foam or black surfaces work great) and some other plastic materials

For metal and other heaw wood, we recommend you use more powerful laser, such as the COZ lasers since these will work much better for your projects
Some additional components will help the diodes work in optimal conditions:

Glass LENS are necessary so it can focus properly to a specific point.
Also it is necessary to mount the diode into a metallic laser housing to dissipate heat and then,

i ebay.comiiitm/One-extra-hig h-burning - power - 1000mW-1500mW-808nm- TO-5-8mm-laser-diode- Gift-/25121 84473187pt=LH_DefaultDomain_0&h...
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