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ABSTRACT

Current imaging technology Have a role in human daily life more and more channels. It
combines imaging technology and put it in the phone. Portable Computers the recognition
Identification of access devices. In industry, it is usually used for pattern recognition purposed. In
this project, we use digital image processing applied to decision the size of Integrate Circuit (ICs)
or other component that can be used. By using small processor 32 bits such as Raspberry pi, the
image processing can be achieved for some applications. We proposed the small system of IC’s
size inspection, which consist of Hardware of imaging system that installed on the belt moving
system. This overall system will be tested for performance inspection that display in the end of
report. We hope that, this project will be useful for company that using a lot of ICs for
manufacturing. And this project can also be expanded to use to inspect other object such as
vehicle component by changing the software detection algorithms. Moreover, this system can be

implemented and maintenance easy which low cost.
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Iisuanug anudrlaieafussuuufuang Linux
Iesuanug Auansalumsdsulusunsy Matlab
lafuanug mwannsalunsdisulusunsu Python

1.5 gunsaiiidoald

1. 13w (Hardware)
- Tasawdnlunsvindugiuvesaieniudndes
- napsiuuas (WemuauBuuad)
- viagalw LED
- guUn3nd Roller wuvegiiiiluy
- gunsaignen
- gUnsaianewIutuies Ame 43 cm.
- gUNIaiiies 5 mm.
- gunsnigndu jluesd 6
- gunsel exuaUwesd was 220V 1y 12v
- gunsal ssuaUwas USB
- gUnsal uewesnITuanss
- gUnsni Rubber Belt
- Raspberry pi2 Model B 1GB
- Case Raspberry pi + Heatsink



a1y CABLE USB

@18 LAN

SD CARD 32 GB

naea LifeCam HD-5000 auto focus

ladadmiuwannlusunsy

2. ganAuls (Software)

yUUUURNIS Linux
TUsunsu SimpleCv
TUsunsu Matlab lalunisussmnananinainasuinmnes
Tusunsu Python Tglunisussuiananmainuase
TUsunsu PUTTY
TUsunsy WinsScp

TUswnsu Advanced IP Scanner
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Tumssuflums WedamhyiygrinusFeuniesinuueledsnluimlagligunsel
Elaﬁ’wu’mLé‘mci"nuuawwat,ﬂ'*‘&"uuus~uuﬂ§u"ﬁms Linux i #Timsdndiumsdnm fuat
WaLTITWUNAL NgufT aveluladiiAsades Weldiamnndlafvdnnisyiem
u.av'uumamﬁmmumm'lmf]ummﬂunﬁmﬂ'ﬂmu.a.,aanuuusvw’lﬂﬂﬂimuwu
UszAvaniw unaruasnguiisi fanaluladfifeadesdnan éun

2.1 Raspberry Pi 2 Model B 1 GB

Ue$n Raspberry Pi tuvesarsuiunes 32 Ua vwin@nwuinminduiasinnise
$935UsEVUUFURMST Linux iNaulag Raspberry Pi Foundation fitasusnuisinesld
Wudanisiisumsasu madeulusunsuaesfumasdmiuding wiskeduveiaiisian
Tuwnann Wouhedlewisufuuesadus wanzdwmiudGudu miiduiideuunsuansg
yaraluatnesIng

Vgainufiileidaiivindaevein Raspberry pi if fimwannsogslusedviild
s2UuUURNS Linux wifinwiadiidn, Auddslsidnvisnaifignasesaunn adeuiy
ANuETsaiu vesadnvateuuuluseauliediy 1w Beagle broad, Panda board fgns
fiAuannsefnd uazﬁei*uﬁ'mwmgnndmaia%q yilwvedaiiunasmunefunisihumi
Tassuiifiuegneds

2.1.1 amaulAuDdn  Raspberry Pi 2 Model B

- 198 SoC Broadcom BCM2835 @933 CPUGPU Uay SDRAM
Tusdudeniiu
- miwysenlanana (CPU) 700 MHz ARM11 ARM1176JZF-S core
- Wiheyszanananw (GPU) Broadcom VideoCore IV,0penGL
ES 2.0, OpenVG 1080p30 H.264 high-profile encode/decode
- MUWANTT SDRAM 512 MB
- dhasie USB 2.0 $117u 4 wesn
- daedyaunmwiswuunda 3.5 mm uaz HOMI (Genld)
- daedygrandsdaslvuda 3.5 mm wie et HOMI
- ouiawmeidmiudeudedunaoding (GPIO) SPI, 12C , 125
(GPIO #1199 luawnsaduussdudunm 5 VDC o gegaua 3.3 VDO)
- F¥UUUHURN15YRURIAIYYINANIL SD CARD



_ 4me LAN 10/100 Mbps
- TelWideaunse 5 VDC nszuassnsuay 700 mA
- YUIRYRIUDTA 85.0 x 56.0 mm

2.2.2 v95m Raspberry Pi 2 Model B

HOm

gﬂﬁ 2.1 UasA Raspberry Pi

1. ApauLliAWas MICRO SD CARD %ﬁazamﬁaagimuasﬂ
2. LED wamean uen1eg 183uasa Raspberry Pi

40 Pin GPIO Header
Broadcom BCM 2835 & 512MB RAM

Quad USB Ports

10/ 100 BaseT
Ethernet Socket

DSI Display Connector 3 " y O™

Micro SD Card Slot
[on underside)

5V Micro USB HDMI Port 4-pole 3.5mm jack

[stereo audio & composite video)
CSI Camera Connector

= ' ¢
3UN 2.2 aulsenauuase



3. ppuiiawasdmiuideunedunniewmn (GPIO) ,SPI, 2C, 125 uay UART
TerumiaIngeg wansdisgy

Raspberry Pi B+ J8 Header
# NAME V& & #
3.9 OC Powe Power Sv
: GPIO02 (SDA DC Power Gy
5 GPI0O3 (SCL1 | [ Ground 6
7 GPIOO4 (i GCLK i X000 GPIOY4 8
Ground RXD0) GPIO15 10
GPIOTT (G EN PIO_GEN1) GPIO18
GPIOZ7 (] GER Ground
GPIO22 (0 Ef . £h4) GPIO23
AWwLCF OPID GENS) GPIO24
GPIO10 (571 MOS! Ground
GPIO9 © A 3 :ENE ) GPIO25 p
GPIO (571 CLk £P1.CED_N) GPIO0S 4
Ground (§21-CE3-N) GPIO0T 6
ID_SD EEPROM 2C. 1D EEPROM) ID_SC
GPIOOS Ground
GPIOO68 GPIO12 ‘
33 GPIO13 Ground 4
g GPIO19 GPIO16
i7 GPIO26 GP1020
19 Ground GPI021 4(
-4 A hitp:/iwww. clement14.com

d =1 [ at d Ioa &
sU# 2.3 reudaweidmiudeusedunmiairing

2.2 NMsUsTNIaNaN N

NTUsENIaNaNIW ABNTaueITaidunueing (Object) lnan1sduiemie
f1ewn (Maniltipulation) s1eaviBsavasnmitldaninguitetseasdunvesn g iy
Tuvuselemily wandaidu 38msmie msUszanananm awsefuisnsmenenfimed
ns N nande F/n1ane AeuRumainailn dreuiawefiesiasidusafiadnnin us
wATANIY Image Processing ﬁu'l%'ﬂauﬁ'amas’ﬁw%’m‘i’mﬁw’aga

Uszanananin

Image —>,Processing —>|Output

=l &
JUT 2.4 FuppumsUszanana

o o 'Y a ¢ v M Ve a ’
- hamauyinsussnanaserauiawes Wwelinmilatanudeauiu
- enalanamens wudnle Wauvnmswang



- Gudurzdeaihnswisuteyalvegluguvesluini(Binary) TiReuiawesaunsn
vinladeyaninla
- nbwimsdanisiunim wu Y5ua anuauda WWuey

AsUszanaNan I wualy 5 wuudnel

|
=

1. Wunsdudanmnsmiing welinmilvuiadnlunsdaiv Tuatensulwdnmae

& o v X v 2 P e W
Wy bmp @sldeflumsdaiuuin aunmazanammariven

= o ar
JU# 2.5 nslugnnw

2. Image Enhancement iumaiumugnaedlvifuniw snnndhiawduatu

JUN 2.6 mIviuU§IAmANA

3. Restoration AAM8AY Image Enhancement waliuluiing 3 IR u1nndn 2 A

gﬂﬁ 2.7 Restoration



4. Image Analysis 3ufiu fie arenmingideants anturimsuiuiuaugnees

T

Amweuaiiu Ay contrast iy contrast

E‘Uﬁ 2.8 Image Analysis

5. Image Synthesis Tidnn1saunuindnuazAauing \vensadeUaNelavaIu
- ' ' S P Yl «
duquesinene annsageguileidesouvetanaslifinit CT Scan gUNIaisIAG

J v e
feddItavINMNYsEWA Us1IANIUsEaNN 70 U

gﬂﬁ 2.10 AmgneNAIes CT SCAN

= ' -
JUN 2.9 aAmaneNATe MRI

o aa o ¢ ! -
31]“ 2.11 Iutﬂa 3 UPAIATIEHAINATNALLATDY
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2.3 Matlab Aun1sUsENIaNaNTN

Wugeniurslumsianuaznsdeulusunsy Wsunsunils Afianuannse
AsEUARUAILA MsRAISaneTBL MIadwuuiaemsadnmans uaymsidyiady
yessrUUNITassEUUAmUAY watlaslanizdes Ussnananm uaz wavelet Msasng
Wesng waelaeusEvkunIsnd

Matlab ulusunsufidaelunisafurameadamans fidulngaznseinig
VUWASNEN3D Array 137192181 Matlab m'iﬁﬁumiﬂizmauamwgﬂmwam"m:u WADY
WHunmadneaiiiumdaay @1 pixel) Waimsmamidillulusunsuuds Tusunsuaziiv
Ay Liluguwuuves wning

2.4 ganausuazlausnsiuunsusEuIananIw

SimpleCV

3UT 2.12 logo SimpleCV

SimpleCV FilliuBndilldfunsimusesenain OpenCV Tngndng Wsaitld
TumsUseinananmminesivawes Tnswmunlusunsusauiuntw Python eazajaniuil
ANuladeraegULuUNI dohlvldanulAafideusznsedu Wiladenin Winadwsle
aufiReInTs
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2.5 ardnugrudiunisussanananwidnea

mMsUsztananmAdInea suisitestunmsuvadeyanmieglusuuuudoya
#dnea iefieranuisadiendeyaiily iunssuaumsinagdiensuiumes 16 dans
yhavesreuiumed sruumsiuteyadwiedsioyasenszagluguuuuiineainiy Tu
msUsanananm@dnea Wessuuldsuteyanminluudasyihmsdinuazdseanun
Huteyailldunudoyanmadneamaniy

nisiiudeyaninasmiteaiudivesasuiame famisavirldlaenisves
wmirsmudweusiedliluguvesinuseniisd Tasaluusazdesazuanstenaanives
AN WA IMIIYBYeY array LM IMMUAR UL IYEIRAN N

2.5.1 30N
aam Wumhefidniigavesnmiiuanuuntineneuiimnes

JUTl 2.14 Pixel

- Pixel Coordinate (column x, row y)

=P Pixel Al column =7,
row = 4 findudivdes
%30 x=7, y=4

Zoom 1600%

13

= =
3UN 2.15 Pixel ¥1vNM13 zoom

2.5.2 NMINAIM

mswlasnmdumnemsmiduneude wasnmadunmdn wdulasnmdm
Wunmamddndt mswdasnmdn Wunmanas sududesivuaan Threshold witelw
Iamensimaunzay f1 Threshold Sl3dmiufmuaiiArauainivesgUluusay
e daudandunmyndudigenm dnamesanduy
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A wiedv Megratu i muaAt Threshold 137 128 udeuarmuainddy gaam
usnvesgulé 200 Fedudiovimsuaaiunmendudageanm usnijazdes 1udens iy
s vaneaueavziilafindinmdim Wuamend uianueiwdildly am Al
amiiiiszduresnnuaineey Taevialuszegit 0-255 nmdn ARenmiifiAnd RGB
wirfiunue daunmynaiidiue 0 M 1

+ Binary can be obtained from Grayscale

+ Binary represents confowrs.edges, etc.

"= g

]
1
1
Grayscale Image i
o
1
1

o 0 20

Binary Image (Black'White)

“ o
JUT 2.16 Msuvasnmwdunmnd

syUUAYDINMAWT AoTruuiilAa1vesduns Alien wasduidumnu nmdsesnun
Tulnudvnen

KODAK Gray Scale

gﬂﬁ 2.17 53uud Grayscale
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2.6 Msvauduuulnaute (Fill Light)

NANTENUVDINANIILAE ANULTUVDIRAILNANDAINENEBEIININ INTIEIINATTVN
nsnaasmudlaliinisdauatagyilmian wazimiatinatfmulssiuaniluAnaeds
WJuAMRANATS AETULSIASYIINITIALES IMUUILaUNUNISIAaBY

AU IMRINI9AUANNATARRY

Uil 2.18 nscheuuulaiiinisdnuas i ' finsd
un < 0 30 i G JU# 2.19 MsteuuuinITIanas

Infidesludsinquindeniuinudn Wiieauinfisrafaaninvdnuasyiilvii
suavdvaduinwesing lnsuasiniwavinszaintasndilivan viaduuaiyuuia
NIUULDY

| anfuiluien

anFuiludun

gaanuuy waomem A woahiind

4 at = i
4 o = L
U¥ 2.20 m3dnuadlungui] Ui 2.21 msduaslufioanuuull



14

2.7 manAdalaunsuvasingniw (Edge Detection Histogram)
wiailamsmveuvesingamuanauiBviaunsodusumuvesinglunwle
agedaau MeanaviRvesveuiiliuiunsasusiumis mavyu wazmswasusue
diohuna$udalaunsuudmannsalddneuzidudmiunsiisuiieutieyaldegwinau
Famsmedalaunsuvesveuingamil Wineunadiamameunming¥dns Canny i
Uszgndld Tnsnisdautasduneuaindsnismveuves Canny nasann1sAuane
Gradient ud3sAuanRnanmaufiavisiuresuiaznguiianie Feannsauany
fimmavesyaveuuuiinigan sl lusmiddeves Wang uay Zhang lalgBnavmaalaun
suvesingn Sauvion 37 nguiievg Tnenguiievnadi 36 usmnINNITuiNI
vosgnvauAmiEsaiadimMauungam devhnismeulnd afias 10 sim wasngu
ﬁﬂmaqﬂﬁﬂmﬂun'ﬁﬁ'uﬁ'lmuqmjauﬁ’mnmﬁlﬁﬁﬁﬁmmu AnnalFnaunsi

H(i)=h(i)/M

e H() Ao Jnugaveuluwsasiamaiindu
- o o 3 dl = J at
M fig Snuinwaimua e duuuingnm

2.8 AoMInvaun W (Edge Detection)

MIMTBUMN Ag N1snsIvasuINduTauanHIuvEalnalfsiuysle lasAman
nnsiasuwlasmesmmandiluiumisilndiesiugadenan [17] (it 2-2 (1) B
F3n1smveuiuiidiefuna1eds uwiegrdlsfnuarisauualdifu 2 ngundn Aes
Gradient waz3d Laplacian Tagluurasafiseavduadereluil

2.8.1 3% Gradient

Jumdeusniflddnssimasunin Tagldisnsinaudivudasminndy (Gray
level) vasganmiiidsRasunfuganmitegirades lensisdulareluintuveunm
wiell InedsiasmueudemsmyadanuaryagegalugUveteyiusdusiunilsvesnm
Tnegailiiuvevazegludruiimilant Threshold Fsaravinliiduveuiiléianwusmun
FeE19iEN1IMTeVYesNguil 1y Roberts, Prewitt wax Canny 1usu



= o ' 1Y | i
FUN 2.22 MpeNINIYEUMEIS Gradient

2.8.2 7% Laplacian

WBilazwweulasldeynussusu 2 Tagldgaiiar Wu “0” §a35darldnalunis
AUILINNINE Gradient ausaldnsasnudilavaulaseanin Aee193snIsnvey

1
= '

Y23nqull 1YU Laplacian of Gaussian wag Marrs-Hildreth \Dusiu

S L INESIA ..

AT A LEARITIAILRANAIVBITLAUANUTNE
Edge A5 ¥ LaRINISMVBUNIEID Gradient Method
NI A WARIN1SNVBUNEIS Laplacian Method

Threshold

T D ' (W)

Edge

\/ (M)

qU# 2.23 M3rmun Threshold
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JU# 2.24 N1sM1wBUMILD Lapacian

Tudigaiwusiidenldidniveu meds Canny Falluisnismveuiannsoien
Aanemsiiaveunmle wazldnadluniveulunm eegludsziavnisnimeuuuy
Gradient Yumaulsnisnveulagidves Canny

Smoothing with Gaussian Filter

il

Gradient Calculation

{

Non-maxima Suppression

{l

Thresholding

d ﬂ’: aa - e
JUN 2.25 dunaudBnismveulaeds Canny



zmﬂmnémmmzﬁa ;

S Ianaananan Wi

N15%1974%84 Canny Edge Detection Huiduduainnisusuamiiiseu

(Smoothing) fefnsaanndey (Gaussian Filter) iiteridndyyIusuniu waeniiu

AIUATYUIA (Magnitude) uaziiAn1a (Orientation) vaansifieuy Ineldnismeyus

Susunils Tutumeudaun3sld Non-maximas suppression ffu Gradient Magnitude e

vilildveuiiunsas uazluduneugavineld Double Thresholding Saneiiiuieszyganm
Aureusaztiodeusevey TagluustuneuiiswanBeaseoluil

2.8.3 NMIVINAEYEYIUTUNIY (Smoothing with Gaussian Filter)

Tutunouusnuesmmveulaedanesiuilasdosidndyginsuniusenieulng
T¥nseanidoy Fsanunsafwaldarnnsldminging (Mask) vunaidn suinvemiinrag
wdui mnflvuaniessiinaviiliandugiusuniulinn widnirannifuliesiing
nlwoutonq Mdudussandeaiumely dmiumsiuamamildannisles
nvounudeu udiaunsi

S, =10, ))*G(i, j.o)

-

e S, fio nmmendinInies
IG. ) Ao nmiAeanisnvou
G(i.J) #o #In30 011 Gaussian

o fio fiui’immummgmvmmms:u1(4

2.8.4 Murumiiananisiluveuniw (Gradient Calculation)
Tugiuusnin Smoothing Image Sjj 1A xy partial derivatives Pj; uay

PR Q;j AIANNTS

+S

[ 4
i+l i+ Si-rl.j} /2

Q’J = {S Si+||,l ;2 Si.,l-vl SI+|‘j+l} / 2

Ly

P a
$113] 13” flo ﬂ11"1Tlmlnnmﬂulmuuu’)uau

¥
0., A AmIuand 1 lunuuIA
S,

ij

-1

fa Mnudunasvaganm

139476
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Wiy mmumsuﬂmgﬂuuumnamaummsa T Polar (Rectangular-To-
Polar Conversion) WaM1UIAKALAANINYBUNTIFEUN ATl

Mi.j ZVRZJ +Qf;

“0 = arctan —-L

i.j

L v ' v | )
Pnaumstssuazamisamay 0 senuild Wewnuaduwusluilsidu

arctan(xy)

ar J . A .
2.8.5 mwmnmiﬂumnﬂqn (Non-maxima Suppression)

dwfunmsmveulagisns Canny geiifeiudureuldiudeniiugaiilirngegn
anefinaniuiimmaieaiu Gradient #y aiasdsisnanivlilfveuiiviniies 1
AN AMALFNEINI Non-maxima Suppression axlvAnduaudluvngasniiugeil
\Ju Local Maxima Points Seazgamsananly

2.8.6 as93uvvaumMnkuuluunIiIen1s Thresholding

Threshold Lunsuasnmszuu Grayscale Geiiinagsening 0-255 W unmiiiianiies
043¢ (Binary Image) Tafitaulyin fanandiunasves gaamlaiddinimdewiniy
fin threshold THganmiuiiintiu 0 wieifudn 1 wasganm lefifiangsninan threshold
Tiqanmiuiiandiu 1 vdedan
Tunisadrsnmuuuluunddnedinsiumseleadiu ndnasRansanie v

#150199v09 AMwirgalanssndugadmiegeun farsanldvinaunis

g(x,y) = 0 if f(x,y) < threshold value

g(x,y) = 255 if fix,y) >= threshold value (2)

o fixy) Ao FunisRnieavesnmeuaty

g(x,y) AD AUNUIRILYATBINTWRAANS

=l

Threshold \unsiAvesganmilaniies 2 anmuzAsrniuazen lgnses
Grayscale = 255 ; if grayscale >127
0 ; else
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2.9 sruuaewIUaLaes ( Conveyor belt System )

\TIEAWTNDONIUY Uar HAR aewudndsannuevansyila Wemmwenzanly
nsldnulugraivnssumieg Wy geamnssuemIsware gramnssumMIkanuazUseney
Fudrndidavseiind granvnIsuruAIUTINNe QRAMNTINTOUUSA WAy gRAMNITUNER
Yudwust Wudu seuumemudndeadussuudndesimnzdmivlsanugaamnsu
wantusu nnvie Wusruvaenuiidudimiduny qunsaidudes (Conveyon) 14
gdsslusursunensienslés fgnnds (roller) iuiduindeulitunundeoud
aunsanufuiminléd Fafu sevvarewdugimduauiamuzdmiv Tsany
gramnsamnUszan fdlunssuiuedeudietua

ﬂ‘ ° - A ° = ]
JUN 2.26 @ uAIEIVUIEN 3U# 2.27 mgwuandesrunnivg

2.9.1 W (Conveyor Belt) —> ludanillfusiutzifiuuy

TysesfuTaniidudss gy nelAsEs I resaE Y TENEUAIBEN Y
VU waztuan unuduuseiinaennlu(Fabric) wieaiawmin(Steel Cord) uananiigadl
g19Un9sEmetunly (Cushion Rubber) lunisesnuuy

3‘1Jﬁ 2.28 wHuluiiy
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aenudndsniuarRansaninuantivessaenuy mnuuduss mumuuar
Aunevesanenty ludaniinlfduiulsfiuun Ysiy (gasket) Aotan fifldnwar
Dhusiufusewing wihdudatan aestiu fiasianBavie Usenuiatuiedetunisiilva
yosqwan wie 81nA Fussqegmelu wuiidhgu wie srnhiiunies uariiFeddfinee
wihdudaazliGeune meverevievaivedanvasstuisnuiulaivindy anmsidy
Tavzauazuiaiu wiodudnmareiladt sxdunpisnfuasliTaniivilus eutiunin Wudl
duaviaasssuiidsiuluunsney

292 gnné«é’uﬁua (Steel Roller)

o 2l
3U# 2.29 gnndsades

annasd e Roller Conveyor System i 2 Uselan

1. 'iz‘U'UQﬂﬂﬁvﬁﬁ'}LﬁEN Free Roller Conveyor System (wuulildiuamefduindon) szuu
anndsdndes agldgnadsiivyuidasluninihaubuman w¥IIN U
nszuLMsHAmGEuosud gnusyldndesieds warinnsuugnnaudaliuse
Pnnnsuanliadeudiluthemi

2. ssuuqnn?;azi"u'a'm Drive Roller Conveyor System (wuuldueweslunistuiniew) oy
THlduazuameivislunmstundeu ndwnduaruiitiunszuauninaaudeuies
uia gnussylandesvdeds uarinisuugnnis luarueinesfisgiminiluns
wasuine annsofmusadlunmssidssuassuiminvedunuldun
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al =
2.10 FTUUNSLARDUN

Tumsuedeusrlyarsmusasnguasiuiidndssinguinaumslugalatenis
Faanenugndesiitenly Tagviluivu arewiuuwuu (Flat belt) aewiuwuunus (Fold
edge) wazanewIuAN (V-belt) Wum

miﬂmaaaﬂ%’aﬁaU'LwﬁmLmumﬂwm?iuﬁé'nvmvﬂawﬁuawwfmwumﬂwmﬁuﬁ

sﬂnmwmmﬂugﬂﬁmaaumwu m'nm'wu'maaaaLamaaummﬂumuu 38 f14 44 99AN
AW UANAIE AL NGLAL mmawﬂusaa

gﬂﬁ' 2.30 anewuaw ( V-Belt)

TumuveewesTiluwawesnseuansuuunaseulnslmsuioana s seunaniiy
wsealumamudsauulslevulumsanseduirioufilvindsg

sUil 2.31 vawes DC 12V
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unii 3
ANSANLLIUNTSIVY

= o
3Un 3.1 KARIAMSRMIYIILTBAUATEY

3.1 NINTINVBITTUU

Tumseenuuuszuy Tuarduainniseanludusniauaiie lassaiiiwesynves
aenudNdss iesvhnmsAmumsvesgainiavendedfegiegndies uasioarain
rensiamsvuuntsdauastinmdiefiasvinisusaanmivesninldaunmnmiissuy
Ussnanaszannsarvnmsussnalilagliiimsinnvesinglifestige tielimdifiaw
Aananaviedaiteuluandulitesiign desnasiiiunisesnwulufurendunie o
UszatananInuayn1suanina lngyaussanananniuaiinisussnavuueie
Raspberry pi $4aldinnw python fluesasesiuls mwjr‘i’unﬁ'l{ﬂauﬁ%‘ simpleCV lums
FeulAn Wevnmsuszanananin 3 Raspberry pi Ssvimihiflumsdstiad lunsuanua
Snddudgaalndidouarauns elinsuin fngiviinisussanananmilnadwsiign
wiefin ud Raspberry pi imthiflumsdinisiiad lwhmsiumdeussuvanswudndss
dneie
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3.2 47UYBIVUIUNM TN TAUIS
sUnuuLwARATBIRuLUUNIMT I TuLans Faguil 3.2

onaldleddwmiunsa

YANHBIUATUEIAT

WATMNLEAINANTITIINIY

ol =
YARIUAU NTFLARBUNEIBNWIU

YaUszufananan MPU

ﬂ‘ 1 Aﬁl ot
5UTl 3.2 aTTAIN9YeNATEMTIYIRTLIAQUNTANRSTIN (I0)

andnvuziaTensasiavuingunial  1insaaTavunnvesguniaileduvy
GSHERRERE sﬁ%’tﬁaaLilmﬂ"’i"aa‘lﬁmmuwhu:u Tnedaziaiesinaryinnis indeu
gUNTRINNTINGTEUUNIEA W, PTIABY LasUARIHATILIIE 3 Ingladnguuuuvessyuy disgy
it 3.2 xdmduynuuindn@uszann 60 c.m. waz Ny 10 cm.) laamsviay
tfu Bususziinstleudeyaiduiuiuszuurou 1y yuInvInNRanaIafien il
gegiliudy mmfufneaindGuinnuldiay Fuedeanzindeuiiteusledieguuniyuy
019 LATUVNEENIY (ANUGNAST) Fanewarislusanasiismilsiaenadesiumnnga
Tumsuszananavesynussnanandniidentd esyanniiussqledasadeudnngnslu
yolanfidnendesuazyesruunasaindly uandloihglusspsimnzanuda flasgnduam
TUusrnanawazudmansnivineanguinenmviuiinely Tnumnyasieunfiavgnindey
Wnesvasuludnvasduiiaidesiuludesq ﬁaﬁuqmﬁwaaﬂ‘%mtywﬁwuﬁﬁ NN
Falusunsunishasieiiavuiaildeenuuuldegiamingan fuaruannsaves
TUsiwaweudn ssuudannsodesarldinldig, sn$ lasadenishauvenalnd
Lisudeuluduvaseriauasie wlmimnsausavinisuilyuiuugsdein nanaite
Waunfsansdnldies gasulszmsaanfegunsalyntuannsamldludieding Tusiad
Taigaann ﬁqlﬁszuuﬂu'wm‘iﬂaﬂmwm‘ﬁiagn'jwawmihzmﬁmﬂ
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By Phrutthaphong Phrutthinan

sUil 3.3 Mseenuuulasiaiie

Tumseenuuulassadeldldanidumdn emuudussmmiusonisfudimiin
vssnn wazilissuumsduirdouamenusinsduaniioulilesign dwalimsdam
ganudatian anmsesnwuuldfimuanmgs 27.5 cm. ATINETR 110.1 cm. ARG
23.5 cm. fagtuetlifemaewaiduiios 10x7 cm. Tasniseanuuylfinnisdmuayun
Lﬂ‘%‘aalﬁwammxﬁwﬁﬂaﬂniniﬁﬁuasmwmunsauﬁuﬁuawﬁ%ﬁwmwnaaau Tudu
vosgnnasandesidlitaqiivegiidion svoy 23.5 cm. Tudugsusildiinisesnuuy
Wil ey edasuassesunmsinsqunsaiigiiudu Tassaddlsuuls
finseenuuulifagliidufaseuliiduiifivuas Weldaduambifidedouasain
ABUBNITINTUMY

3.3 d2UVRIVUIUNNTYENALITIUNISAAIIZRATN
nanmsvedlusunsuivswivuingunial Ineundisuuuuresmsvinnmlunmsinvesssuy
Aozl wwunesgulasmildvesmsussnananmidnea Ae fguil 3.4



25

1

Input Picture & Preprocess

= - )
JUT 3.4 amszuudsznananmineyily

dusunmiesifiundesilinmaieealusyduanuasideaiineiiivs dauilonades
nsNsY umauﬁmﬂw‘iﬁ‘lﬁmwﬁﬁﬁqﬂ lagundfiveiimsuivd pamrsunsyszananan
Aeiidosns wilus fy:y'mwuﬁumwﬁ‘lm"aq"lu's ﬂuvmaqumnuawmwmu.ﬁwmalu
a"nu'r«aam“tfl'uquﬂﬂ‘sm“la%wuuammmmmu Ui-'naunuum'mﬂuammm.,aumlw
mwﬁlﬂuuﬂaumaangsmaqum whmmumsﬂsuﬂjaavhmnuﬂ mummywamamu
va9iENTUsrnarNamITLIRILes wanilsmniisuusesiues wasiiles muumm
Tlumshauaiutadeitdéy drdunsussnanadiedidudeunuiudniu Fany
Sufits g Bmamownvasiaglunmiueriiimsiunmeanmanevdlulusunsuld
uassBarnsilimugndasiisnefu wiviidumdeyauds Tsunsumaniuduudoud
#osmsliusdvdamlumsuszananagan Seffevihnuvuseiaweifinaniige
(W3aaniaulsianis) ‘i]'alsimmsauﬁ'ué’nwmsmuﬁmuﬁ%’aﬁﬁﬁé’eﬁmmiuﬁﬁrymasg; uay
ﬁ'm%%mi'lmi‘ir’icjﬂ%mmwﬂwuﬁ'aﬁﬁﬁwmwﬂaaqmssﬁ’wﬁa uavnaaeulunaneadaiiinmn
ﬁqlﬁ’:ﬁmﬂnﬁﬁﬁwzmuwauﬁqmﬁ‘wuu‘%mmﬁwuﬁ'ﬁ Taeardunisyinnuannsaeiuiy
i1 soluil Feanursadeulddemuinainnda Fuansumidaly
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vAanusnAea Thresholding and edge detection @ruflaziinmAdulatuuin,
vaunmney Tagaziinsindunmnassszdvreuiieniudgluruiumsdely dagui 3.5
Tagvurumsiiamnsaldds Candy edge detection 161

=5 .

=
JUN 3.5 LanINan1InIveaun I

J aa dl o
3UN 3.6 LanIIoNTVIUNAUD

; s oA « V- 1
ufien Centroid and finding the angle d@uiliunismyaaudnarsingrsiiiiem
- @ ) v v oo g o v : v
yusauiavesdaleduu Nevldiduiduiigaduansisgannatsveaduvauluunaziy
e Bmstandwaglidudou dagui 3.7
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‘J L3 ¥
JUN 3.7 uansgaAudnanauaziduTaugnaudluy N

vden Finding the dimension line dauﬁtﬂumsmqm‘f"ieﬂmai'mﬁ"’qﬁﬁ"lul,ﬁa
inlug mimmmmmuqﬂﬂuﬂnmwammum.ﬂ,mﬂutaumiamaaamuw 13BINIIMN
ANE? uauammanmms WasuAruenluwuy pixels u"l.ﬂqwmamw'lﬁ \gu
\wuRns waniudy efls iesnnAwes ﬂ’J’]:.Iﬂ']’lsﬂ'tla\‘lﬁ}ﬂﬂ'IWLUuL'UUMI.MMSWG"LUUﬂ'ﬁ
Sornfuliiliuasiinou Tasthamiidiqaamitldanndedummazdatiged 640 x 512
uwhmsveaey Fsilimnaudeniamaniiveniuld Bwedemnnfiarldeuiianatn
frae winsAaardmniy) avtusruuimndedeszuuiaiaudaflinosesiing
Viuwasudiurenisinanded liu mmenvesstezndesteingiiuiy szl
Anitldmaniadould

qUi 3.8 uansnmitlimidusinuguinansueniiae wuvesingiiesmsiaunn
Tnsiduduazgananmsalasvihanuunesiamesdiuypravilunou Auszinn
pouilimharldnamuiananiiseniuld dnfulasaguudioniuldiniinmunaves
Tngilazniuiilidudou Lﬁaﬁmawmsna%’wmvmsq‘lﬁ’suumauﬁamaéuuumcf“f';ﬁ'm'lulﬁ‘f
egsmda uazimualiidesiuaeiiorld miseussnanawun 32 On @egvany vain
wmeuaaﬂlummmn) mﬂ'm'n‘iﬂiunma'mms’ammu%ommﬁnmlﬂmuqﬂummﬂ aua
TneBmsinauet Aenmsuanuiammeniiynyuseuigunsalfeveushgunsel danfuf
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u'm.,a1:4'1'inm"hlqn’mﬂm'mLﬂmanamaaqunsmwuau‘lﬂ 1w lalem, dudedizushs
wuunanvuaan Wusiu ﬁeﬂwuuaﬂnsmaLanmaunatanquﬂaumﬂswawmanaummm
warluamAeilferldvhmaiuduludndiieliaausslsnisonsldnulivniae s
athslsfnudwiidfydndiunilsfideanaasimaasulildeulfaieife duaren
duduenAuTTqled ndeuiiin/een fasdedlitienmsduatiouunauvininisdunml
Jgym Fafu nrsaddiuesnsmuauuameiiieniniafeufiareniuiadudadi
AnudRyuRavguiy

3.4 drdutunrsumaihaulassuvedasenu

dwuturesuunside Adwandiivluwuumssmainu Tneesiiswandon
wana Feroluil

Tudhdvusn iesnnifueidinseiamieaoufameidaiuluduvesnuuni
edpvinAe desairsdiuduwyainifuaw Wy ssuumstulrdeumeniuuaz szuvdes
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wazuLuBuIIeAIrdRsansavh I lum M TUsEARaTi SU LAY (eund
TWaiwaweiauie 32 On Aesdianuanunsniiewe) wazgavinsiesa Ssildiiuvedn
Raspberry pi T

adutunsuiianu Aemvsznevdnvasszuumewuadnhauiandusruuiy
duvasvenduad ﬁa%ﬁaaﬁm‘smuguﬁwnmﬁaﬁﬁasazlﬁaﬂnszuumamuﬂmmﬁnif \Yu
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undi 4
NANIIVNINa 3N

msneasasldiiMsneasuAsutunaslussssusnkamvinslisulaenislisy
Tusunsu Matlab ileviaaaunszuaumsiaunisussinananmiamisatiluinliass
dnlusvesiiaeslivmainsruunislutuneuusninussgndiiievnisidouasuedn
‘Raspberry pi2 mode B Ingldnmmn Python saufumsuszgndly laund SimpleCv e
mMsnTsasutuled Tnvginuiinarsunse ( Amdeviiudviednia)

4.1 wanléanmsaeszinn anTusunsy Matlab (szaviinia)

Tuauiildvimsdrenmleganndeudnhamanyssanasiiunesiamesingly
TUsunsy Matlab iitenaassnsvuiumsuasvalavssnananiwitawisouilusesenly
sepsiians e MansyvIutessrazusnMsIFawUanduniw Python efiasinluly
ns5uluveda Raspberry pi

s 4 ° al s -
vumeui 1 : vimsduamvesing (led)

U 4.1 awimg (lod)
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Y o " - o w
YUABUN 2 : YIIMSUASUNTNIUUNNEDITEAU

JU# 4.2 anaedsysiy

1) - [ . . A oo w P TR 0.8 Ve -
vumoud 3 : 1935 (Erode + Dilation) ievivinaasule@nliGey Mlneuiige

gﬂﬁ 4.3 35 Erode + Dilation
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5 A o L - i o s
YUABUN 4 : YIIMIMTBUNTNYBININEDITEAU 1e835n15 Candy Edge (1Ws1£428A140
dynusunaulaicng) vinmaiuaiumis (x, y) vesduveuseugdleduuliluensd uay
YinMsmga Centroid (x, y) veanwaesssaulediy

;.iﬂ‘ﬁ 4.4 75m3 Candy Edge + w13n Centroid

o =i o : . o o |
YuRau# 5 : IN1IMTEEYAINENTENIN A Centroid (x, y) NUgaiIunLIvauseusy
lo@uu yngaudnimnies

<
UM 4.5 mszezANeM
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Yupauil 8 : 1UNAgIEAN 4 yuanaaTiazyn laeiTuammadiugy

= =
JUN 4.8 Nanuavaz e

& P o i v o & A
YUNDUN 9 : UNPALARZIANINITTLSAIUAINUATETT WAEATUIUWINUN

di o & o
JUN 4.9 Annumui
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o Y i =
4.2 NSN9TUYDITTUUIULAADU + SEUUUsEUIaNEa (Python) (szaendas)

Tunimeasstiaziiummeassssuuiuriouaiewiuiuszuulssulanann g
Tutumouusnyhinislatng (led) adunmefiwisulifwhamsuliunudymedesanisvi
awdunwasasedu
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= = o = v
JU# 4.10 leBeglunninionld

FRUINEITUUYININSUANBWEIAIINILARY Y AU UM WATBNIY
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Jawndsunlulddnszuzdininvrgnugaagasegailawisuld evinisdigaimiie
Uszananandasagimsdunmuaziinlulszianane

UMt 4.12 memgn au Yaiiimuall

4.3 WabhaInINI5IATIEANTIN 97n1USUNSH Python (Seezigas)

nszvumseaneiululusunsy Matlab urdmnd@ewduaiwn Python asuuuein
wazUszgndldiussuvanewnilssnuliviuaenndesiu

JU# 4.13 1% Mazvihminsain
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a q. o s o =l
vumaudl 1 : imsdunmeesing (o)

fron matpl

#eeeee Bub o
4ot getDegre
=l = uxy
yi = uy

Canter <
Lan = me

't |
#4] Speciel
£ oUiya |

= ] - - o o
JU# 4.14 meled Nezihimnnain

14 = o = as = - " { ° o
Juaaudl 2 : vnmswasunwduninasssesu 1995 (Frode + Dilation) wayvihlvinassun
lefiSuuiign
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JU# 4.15 awled uuunmaessesiu
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g IJ o o e
YuRDUT 4 : YINISMTBUNNIBIN RIS 1AeT8N1S Candy Edge

31]'?1' 4.16 nle¥ #irnuns Candy Edge

14 = o ° & W v ¢ & - "
Yumaudl 5 : IINISAMULUUTEESUWSN gavnevzlanaans 1Wu Side A, Side B, Area

Camntes
Lan =

< o .
JUN 4.17 AUIUVINAAND
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4.4 NMIATIVIAUVU UWU7 90 B9f, 270 89f1 ( vaBLaY ICL7106CPLZ PO535BCKS )

¥n153m 10 58U 3 ASY

SUT 4.18 ICL7106CPLZ uw3 90 83en, 270 831

nN15A52379 Processed 1 Processed 2 Processed 3

o o & o
NIN1§INANY 1

vimzinafi 2 | 82.024 82.024 82.024
| 332,038 332,038 332,038
° o &
”']ﬂ']f‘?ﬂﬂ?@ﬂ 3
° o &
wn5innse 4 82.0 82.006 82.096
333,002 333,002 331,386
yn1ssaRsaN 5

vin153anei 6 82.024 82.024 82.024
332,054 332,054 332.054

° o &
vinasinnsai 7

° o~ &
¥in13inATaN 8 84.024 84.024 83.054
331,074 330.097 331.074

vinasinasil 9

yian1vinasedl 10 83.024 84.006 84.006
331.038 331.038 331.038

@19197 4.1 ICL7106CPLZ ww? 90 89e, 270 84N
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4.5 NMSATIVIAUVY Y2 0 841, 180 a9e ( UBLAY ICLT106CPLZ P0O535BCKS )

Y1539 10 58U 3 ASY

3\Jﬁ 4.19 ICL7106CPLZ W2 0 83, 180 8370

n"lﬁ'ﬂi'?il‘fﬁ Processed 1 Processed 2 Processed 3
) o & o
NIN139IAATNN 1
Vmsind 2 333.182 333,038 333.038
86.052 86.0 86.0
wn1sinaeil 3
0 o &
¥n153nA5aN 4 333..054 335.054 333.054
86.006 86.006 86.006
I3 ar Y o
NINITINATIN 5
¥nwianisn 6 333,002 333.002 333,002
86.006 86.006 86.006
o o &
nsiansail 7
van1sinniii 8 334.15 334,15 334.15
86.023 86.023 86.023
° o & o
INI1TINATIN 9
o o &
Wn13inaFei 10 333.636 333.636 333.636

85.376 85.376 85.376

@15797 4.2 ICL7106CPLZ w2 0 84#n, 180 84A1
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4.6 NMINTIVIAKUY U7 135 24961, 315 29A1 ( VuBLAY ICL7106CPLZ P0535BCKS )

¥NN153M 10 59U 3 ASS

JUT 4.20 ICL7106CPLZ w2 135 8afn, 315 aaen

N15952999 Processed 1 Processed 2 Processed 3

o & o
wIN15InATI 1

Wnvinadai 2 81.216 81.216 ) 81.216
331.717 331,717 331,717

yn15innei 3

imsinaseil 4 78.816 79.202 80.112
330,637 332,036 332,036

o ar & o

NINITINATIN 5

n15InRsaN 6 77.524 77.524 77.524
334.431 334,431 334.431

vmsinaiei 7

ansinatail 8 77.897 79.259
332,051 332,415

vin1sinntei 9

wnsinnsait 10 77.897 77.897 77.897
333,542 333,542 333,161

ﬂ"lﬁ"Nﬁ 4.3 ICL7106CPLZ wwd 135 89A, 315 891
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4.7 NMINTIVIAUVU WU7 45 991, 225 99f1 ( MuELaY ICL7106CPLZ P0535BCKS )

YMyia 10 s8U 3 ASY

3UT 4.21 ICL7106CPLZ uw3 45 83N, 225 83

n15652999 Processed 1 Processed 2 Processed 3

° ar f4
n1sinnse 1

Wnsinasai 2 76.851 77.076 76.851
332.026 332,026 332,026

wn1sinasai 3

vnsinadai 4 78.243 78.873 78.23
333,156 332385 330.643

vin153natail 5

o o &

insinnie 6 78.6 78.6 78.6
331.204 331,204 331,204

vinsinasai 7

sinsinasei 8 77.801 78.6 78.6
330,22 331.204 331.204

vin1sinasan 9

wninasaii 10 78.006
332.415

A5197 4.4 ICL7T106CPLZ ww) 45 8¢, 225 94
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4.8 NMIATIVIALUY WU 0 94A1, 180 891 ( Winbond vuneiay w29c020-12 )

YIM5in 10 58U 3 ASY

3Ufl 4.22 Winbond w3 0 83#, 180 8N

n15952999 Processed 1 Processed 2 Processed 3

- &
Wn153nAsai 1

wnsinasai 2

84.0 82.0 82.006
261.002 261.008 260.008
o o &
¥n153ARIai 3
° o &
insianiail 4 82.0 82.0 82.0
261.002 261.002 261.002
insinasai 5
Wnsinasen 6 82.006 82.006 82.006
261.048 261.048 261.048
wn1ssaasail 7
insinaia 8 83.006 83.006 83.006
262.093 262.093 262.093
° ar &
vinrsinnsei 9
wnsinasai 10 83.006
261.0

m'mﬁ 4.5 Winbond wu3 0 84A1, 180 23"
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4.9 MINTIVIAUUY Uu2 90 89A1, 180 99A1 ( Winbond wunetay w29c020-12 )

¥N153M 10 58U 3 A5

3Uil 4.23 Winbond wu2 90 83, 180 e

ﬂ?ﬁ'ﬂi??‘fﬂ Processed 1 Processed 2 Processed 3

Yinsinaiai 1

vinrsinasei 2 79.0 81.006 81.006
260.031 259.008 259.006

vn1sinasait 3

° o &

n15innTai 4 81.025 83.024 83.024
257.194 257.158 257.158

Wan15saRsai 5

nsinntai 6 83.0 83.0 83.0
258.017 258.017 258.017

insinnsan 7
o o & o
NINITINATI 8 82.0 82.0 82.0
258.008 258.008 258.008
Wnsinasai 9

wn1s3aniai 10

@15197 4.6 Winbond w2 90 84, 180 8¢
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4.10 NMSATIVIALUU WU 135 891, 315 29A1 ( Winbond wueiay w29¢020-12 )

o o l"
nIM5IA 10 58U 3 A%

3U#l 4.24 Winbond ww3 135 83, 315 9N

n’lﬁ'ﬂﬁ";‘ﬂ’;ﬂ Processed 1 Processed 2 Processed 3

YN153AA I 1

WIN15iAASeN 2 75.432 77.466 74.653
260.192 259.915 260.192

vin1sinasei 3

° ar &

¥n15innsai 4 75.213 72.422 72.422
261.603 262.031 262.031

Win5innsai 5

vimsinased 6 76.551 76.551 76.551
260.432 260.432 260.987

o o &
vin1sinasail 7

vnsinasei 8 77.006 75.604 77.006
261.628 261.628 261.628

o o &
vin1sinasai 9

° - &
w13 IRRTad 10 73.539 73.539 73.539
260.931 260.931 260.931

@199 4.7 Winbond Wu) 135 84, 315 841
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4.11 NMSATIVIARUY LU7 45 B9A, 255 291 ( Winbond wureLas w29c020-12 )

—

gue_- ‘\ﬁ'-mA

¥N153@ 10 58U 3 ASY

=
3U# 4.25 Winbond w3 45 eaen, 255 aen
N15953999 Processed 1 Processed 2 Processed 3
vn15innsei 1
° o &

”7'7757”'77"'1 2 78.243 78.243 78.243

260.686 260.686 260.686
yn15inasei 3
vz inadai 4 78.102 78.102 76.694

259.669 259.669 259.453
Wn1sinasail 5

wanasiansail 6 74,277 72.863 74.277
260.311 260.277 260.111

P P
insinnsai 7

vmsinase 8 76.42 76.42 74.277
260.311 260.311 259.586

o o &
¥n153nAsail 9

vian13innsed 10 74.411 77.897 74.411
260.526 260.311 260.599

A1919% 4.8 Winbond Wy3 45 84, 255 8¢
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4.12 NNSATIVIALUY WU 0 D9A1, 180 29A1 (MALAYSIA 9020 HM6116LP-3)

~ ¥hnede 10 seu 3 A

311"71' 4.26 MALAYSIA ww) 45 83A1, 255 941

n?s’ﬂs’ga?vﬂ Processed 1 Processed 2 Processed 3
vinsinasai 1
L%
° o &
WNsinasei 2 199.04 199.04 199.023
83.054 83.054 83.054
o o &
wnsinaiei 3
) o & -
”7ﬂ77‘7ﬂﬂ”’1 4 199.003 199.01 199.01
83.054 82.055 82.055
vn153nnei 5
vnrinasen 6 199.123 199.23 198.124
82.006 83.006 83.024
o ar & o 3¢
nsinasad 7
ﬁ‘]mﬁ'nm"‘qﬁ’ 8 198.204 198.024 198.024
83.024 83.024 83.024
[ J ar g ﬂ‘
NINITIAATNY 9
) - &
”7’7?77'”’7\"1 10 199.304 199.304 199.016
81.1 81.101 _ 83.059

@997 4.9 MALAYSIA W 45 846, 255 896N
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4.13 MIATIVIAUUY kY3 90 99F1, 270 89f1 (MALAYSIA 9020 HM6116LP-3)

Y1539 10 58U 3 ASY

JUl 4.27 MALAYSIA w3 90 Befn, 270 pam

nqsnsqgi’g Processed 1 Processed 2 Processed 3

N
insinnsai 1

Wmsianie 2 73.062 72.062 72.062
203.298 203,022 203.298

vin1sinnsai 3

W15 4 79.0 78.0 78.0
199.003 199.003 199.003

vin1sinnsei 5

wn1sinaii 6 73.0 74.007 73.007
202.089 202.089 202.089

vinsinasail 7

° o &

Wnsinasai 8 79.027 78.026 78.026
198.063 198.091 198.091

yin1sinnsai 9

° o &
yin15inniei 10 79.057 79.057 79.057
198.162 198.162 198.162

@579 4.10 MALAYSIA wu7 90 84, 270 846
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4.14 NTATAIVIALUU WU2 135 89A1, 315 29A1 (MALAYSIA 9020 HM6116LP-3)

AU A

M5 10 58U 3 ASY

JUT 4.28 MALAYSIA W 135 83, 315 84N

ﬂ’li’ﬂﬁ")ﬂ’fﬁ Processed 1 Processed 2 Processed 3
o o & o
NIN15inAsaN 1
° o &
wnsiansai 2 74.967 74.967 74.967
199.529 198.759 198.759
Wansinasai 3
yn153ansei 4 73.0 75.073 75.073
199.65 199.65 199.65
o ar & o z
wIn1sinATIv 5

n1sinatail 6 74.953 74.953 74.953
198.708 198.708 198.708

ynasinnsei 7 '
° o & o
INI1TINAIN 8 77.078 77.078 74.953
198.759 198.759 199.424
wansinatail 9

e o &
vinrsinniei 10 76.381 74.967 74.967
199.529 199.484 199.484

@577 4.11 MALAYSIA w3 135 2477, 315 89en
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4.15 NMINTIVIAUUY WUI 45 83eN, 255 B9f1 (MALAYSIA 9020 HM6116LP-3)

YNM5IA 10 58U 3 ATY

SUT 4.29 MALAYSIA w2 d5 83, 255 831

nN15952299 Processed 1 Processed 2 Processed 3

Wn153RATI 1

Wn153nnSei 2

vn153ansai 3

] ar z -

vimsinnse 4 75.007 75.743 75.743
199.529 199.529 199.529

vin1sinnsai 5

WnsinRsei 6 73.681 76.485 76.485
199.81 201.062 201.062

vninasei 7
Wn153nAe 8 75.928 75.928 75.928

200.661 200.661 200.181
nsianieii 9

W sinaeit 10 76.381 76.381 76.381
201.626 201.626 201.626

A579% 4.12 MALAYSIA Lu2 45 89e, 255 89A1
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4.16 NMSATIVIAUUY WUI 90 B9AN, 270 D9AT (MUBLAY SNTALS3T3N XXC09034)

¥NnN153n 10 58U 3 ASY

U 4,30 SN74LS373N w3 90 e, 270 p3A

ﬂ’lﬁ'ﬁ?’?i??vﬂ Processed 1 Processed 2 Processed 3
wnasinnen 1
vin153nnTei 2 37.019 38.0 37.0
162.003 166.027 166.012
yn15Sansai 3
vinsinasei 4 37.014 37.014 37.0
166.012 167.003 166.003
L) s H
Wn1sinasaN 5
° ar & o
NINITINATIN 6 37.014 37.014 36.014
166.048 166.048 166.075
wan5inasai 7
nsinntan 8 36.0 75.928 36.0
166.0 166.027 166.027
n5inasai 9
wnsieneil 10 34.0 34.0

166.027 166.027

@19197 4.13 SN74ALS373N wu2 90 89A1, 270 89A"
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4.17 MSATIVIARUY Wu2 45 D91, 255 9A1 (WUIELaY SN74LS373N XXC09034)

YIN153m 10 58U 3 ASY

sU#l 4.31 SN74LS373N w3 45 8sen, 255 Bafin

n15952999 Processed 1 Processed 2 Processed 3

P
Win5inasail 1

166.172 166.172 166.172
Wn1sinniei 3

166.877 166.877 166.877
Wmsiandai 5

° o & /
Vn1inATaN 6 31.113 31,113 33,242
166.877 166.877 166.877

yansiansai 7

[J ar ‘

”'mﬁ?ﬂﬂﬂd 8 33.242 33,242 33.242
166.877 166.877 166.877

wnmsinasai 9

¥ n15innsad 10 30.48 30,659
166.352 166.424

A5799 4.14 SN74ALS373N wua 45 99A1, 255 83A1
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4.18 NMIATIVIALUY WU7 135 996, 315 991 (MUBLAY SN74LS373N XXC09034)

AU A s

YIM5in 10 58U 3 A

3UT 4.32 SN74LS373N wwa 135 83m, 315 83

n15952999 Processed 1 Processed 2 Processed 3

° o &
vinsiansen 1

° ar &
Wn1sinaFe 2 32.65 32.65 31,305
166.811 166.811 166.373
vinsinasai 3
° o &
¥insinasa 4 29.069 29.069 29.069
166.604 166.604 167.362
° o &
mms'mnwﬂ' 5
vin1sinasei 6 31,78 31.78 31.78
166.385 166.385 166.385
vnsinatait 7
wnsinnai 8 31.145 31.145 31.145
167.765 167.765 167.765
P o &
Wn153AR3ai 9

o - &
win1sInnsad 10 32.696 31.385 31.78
166.628 166.517 166.517

M1579% 4.15 SN74LS373N uu? 135 2971, 315 89
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4,19 MIATIVIAUUU LU 0 891, 180 D91 (MUIBLAY SNTALS373N XXC09034)

YIIMSIA 10 58U 3 ASY

sUT 4.33 SN74LS373N w3 0 83e, 180 Befn

nN15957399 Processed 1 Processed 2 Processed 3

o o &
”7ﬂ1f7ﬂﬂf\’ﬁ‘ 1

o &
vinsinnsai 2
vn1sinasei 3

° o &
insianien 4

i) ar g
Wn15innsaN 5

o &
vinsinasai 6

o & a
vinsinnsail 7

° o &
n15innsen 8

o o &
yinsinnsan 9

wnsiansail 10

#5799 4.16 SN74LS373N Wu) 0 8971, 180 83



54

4.20 NIASIVIAUVY WU7 0 2461, 90 9461, 180 24A1, 270 B4FN
(AwAeulngy) ALTERA MAX EPM71285LC84-15 W BEJ240249A

e

AU A

YN153M 10 58U 3 ASY

AU B

31J°7|' 4.34 ALTERA W3 0 89A, 90 84A1, 180 831, 270 891

nqs’msqg'j'ﬂ Processed 1 Processed 2 Processed 3

ar &
vin1sinnsen 1

176.026 176.026 176.026
wnsinata 3 7

180.069 180.069 180.069
wnsinntai 5

179.025 174.011 179.025
nsinnsaii 7

179.045 179.045 178.045
wmsinasail 9

wn1siandai 10

@51971 4.17 ALTERA W2 0 89A7, 90 947, 180 83A7, 270 83AN
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4,21 ﬂ']'ﬁﬁ'ﬁ?'\'l’?ﬂl.l‘l.l'l.l WU 0 99, 90 2491, 180 24fn, 270 296N
(@wdpanan) 35D9R0T TUSB3210PM

AU A

+——>
fu B I.

IM5IM 10 58U 3 ASY

sU#l 4,35 35D9R0T w3 0 B, 90 B4MY, 180 B3eN, 270 B3N

nN15957399 Processed 1 Processed 2 Processed 3

o o &
Wnsinasai 1

vinrsinasail 2
o o &
Wnsiansei 3
o o &
Yin15iansi 4
o o &
vimsianiei 5
Wnsinasii 6
nsinatail 7
Wn15innsei 8

vn15inasai 9

° o &
vin13ianiai 10 57.019 57.008 57,008
57.009 58.0 57.031

A15197 4.18 35D9R0T w2 0 8971, 90 DI, 180 B3N, 270 B3N
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unl 5
dUnan1snaaes

5.1 ajUnan1svmaasy

Tumsveassiialesruumsvhaurennies Insnsduaindiniesassniluns
yalaedelufd deldmguninilediasvmsassasvaduluaeiidanionl’ maey
ApdouluaEIseu 30R/Min quilsszegiigunsalfidalifianemudndsslunsemundu
a309 udwesa Raspberry pi wvinsasdygaluddinamesiengaimsduinieu
aewiutvue wavddyuinludmsvhauvesndssliimsaienmingunsailed e
linmledfveinazinsussunananimdismaiinyssutananm laenislinisdn
Threshold ke W1wauUNWAE Candy edge UarmyaAudnan centroid 11AMBIYAVEY
Goadulily Aray Wielddusnyuuazsrorsing anduangaguinardlugyasiaquu
YUAMNAIIUASEEEMNANYAANINAGUAEAUAUTBUL ETETRI TR SRR
dusougudmasuiuliluansd Aunnmaveupmegaiull wanpilignitelildyuseu
970 0-360 83A1 YIIMTIFLIAIAULNUALYIINITIIANTIN WEAINTNAINEITDIUIIN 0-
360 Myegean 4 a3t dmivleddmasy uansmanmilanyueeniiazam Fosdrduyuli
néaslaggdrdiuain 0-360 urgafildluaaduvunmled anidudanyn 4 gaudIm
AT FOUNIINTULARHABENMIMENGE wasuansdyaalndninsnsvaeuag
TwadwsgniIzuanslwdiden ilevhnsnsaeuingiwadwsanfazuansdyminlnduns
Pnmsveassdioimsvssnanatefiannsosinanaifisunnavaslefusiazialian
aunauazanuem ¥ fadslefursis 1#iimsfeaRanain etuainnsinseine
MnAunmndesiimuanBunligimessdunmlediifudnlsanden wazmsdauasitly
auysaiiibiAmanluyidu delediifvumdndnntussiilildiignies nsiai

sRanwamm sy

5.2 Ugywuazgudassn
doa i
5.2.1 Ugyminfindululudrugenduag (Software)
Tumsiu deldfuuasiliieme awhbinsuaniuadnseenuienain n1sduym
g  a v e q'ﬂl'li ° o v o a v
ggaiszAananlufe wndesilliannsavhmnsaduluye 180 asmlaldvinsusuun
uwarnaaseguaraiailiannsminisnsaiald
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3UT 5.1 mwing (led) Muasliiieane

93y 5.1 ziund Tuguiaainmstenmitliiinisdauadineuvieuasiiliiioane
Aonsaneinviigaiainauns fiaung

= P | "
UM 5.2 amasasedufiuasliisane

n5U 5.2 dishnmiwasliiitsameuinsifunmassseduaziinauinnaialuiui
\esngaiinargminnAuinee
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3Uit 5.4 Jymleduredielailsl

Ui 5.4 Idulgmduidemnnlednnadnuidilianunsaiald wWesnnldymamunm
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da & <
5.2.2 Ugywiiiinduludiugniauas (Hardware)
gUnIaiTiiseenwuuT Ry Aesihdunedliannsamiuviewmanale

= 1 ‘- w
JU# 5.5 Ugmvasuns@umbiiivienaviawain

W ek P | i Y = o s
Wunisadegunsaiiunnendasnnliidulymunuuiieantd washifiveluvisswainmly
« Q" =t - 1 HI 0‘.‘/ 1 4 ¥ o v 4 " J 1 ]
gunsaiunluiisimganniiuninaiidsliaedewinmsaiadudiutunieadudlng
sty Tassaseivinnnmandesihmsiauazdisndesiaies

5.3 WUINTINITWRIUN

1. annsonsanineualedlivainmateguuuy nieuisdmaumsnsiaTeluwsiay
sevanntunindsiasnislalndmivledgunseineg Wiy medrlusuirndiuede
raspberry pi siin1swaualifiaaugalunisuseaananindaduninduvialinas
Uszanananmannsavinlfsing 8ty

2. aw1sauvesa Raspberry pi indui@inied lduaztrveyalunisitinniny
andasvadloBiuluifiulily server uasamnsonsivgaradlumsiamnugnaevedlodls
HusEUU IV SHeslsay

3, fiszuuiianunsaedilediiRanaaiildvinsnsiadaudieenanoindeuls

4. annsathszuuidssiildlaiudnluiaundelaenislianunsavennadwslunig
anadaleflivasniw Wedumssestumahlulilunmalsanugaamnssu
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UTTUIYNTY

[1] 5A.95.a0U5R QAUNTIWING msUszanananwasneailaiu (Fundamentals of Digital
Image Processing) ,ASsfiwY: 1/2554 ngawime : iy, 2554

[2] yoyossw fmsengne maUszinananwaAIneailaedu Weulitiun : 3/2013

dinfiut: Audagiadu, s,

[3] Kurt Demaagd , Anthony Oliver , Nathan Oostendorp , Katherine Scott

Practical Computer Vision with SimpleCV ISBN-13: 978-1449320362 ISBN-10: 1449320368
Edition: 1st

[4] Richard E Woods , Rafael C Gonzalez Digital Image Processing (English) 3rd Edition
[5] O'Reilly Media Getting Started with Processing ISBN: 978-1-4493-7980-3 Year: 2010
[6] Magnus Lie Hetland Beginning Python From Novice to Professional 2nd Edition

[7] Micha Gorelick & lan Ozsvald High Performance Python PRACTICAL PERFORMANT
PROGRAMMING FOR HUMANS
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1. Yuduss Duduidemsanolnvinduszuu

2. Uudmios Dumsaeolwiwnduuesa Raspberry Pi2
3. tuddipn Dumsaalnivdunomes

4. Yuditun Wumsdstiauasa Raspberry Pi2

5. aulon A lunduazfumsdadiindosnsia lodvaunuiay 1
1 lunasandumsdidiiasossnsia ladvunoan 2

GPIO export 7 in RESET

GPIO export 4 in IC1,1C2

GPIO export 17 in LIGHT GREEN

. GPIO export 22  in LIGHT RED

wasth GPIO §ilef [GPi0export 23 in MOTOR

GPIO export 14 out LIGHT GREEN

GPIO export 15  out LIGHT RED

GPIO export 25 out MOTOR
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Data Sheet



ZHENG Ke ZGB37 dc gear motor ZYTD520 motor eccentric shaft
diameter 37mm 12V 30R/Min

JEAHZGB37 @4V 30rpm

wEk: 12V Z# H:2: 30R/Min

9
:
!
«
w . 3 I &
W 200 |
i
265 3.3 6%M3. 0%0. 5
eheT
RS M Technical Data
W JE Voltage(VDC) 12v 12V 12v 12v 12v 4V 4v | uv | 24v 24V
35898 Motor Model 25G 506G | soG | soG | S0G 315G soG | soG | 500 50G
it Reduction Ratio 1516 | 1227 | 1nae | 195 | 1475 | 1816 | 1227 | 1048 | 185 | 1478
39 W) £ B Gearbox Length(mm) 305 295 | 265 | 265 | 245 305 | 295 | 265 | 265 245
%X §U4% i No Load Speed(Rpm) s 20 30 50 100 6 20 30 50 100
SUZ i Rated Spoed(Rpm) 35 14 21 38 70 42 14 21 3s 70
M 16 Rated Torque(Kg.cm) 15 15 12 7.2 36 15 13 86 48 26
0 M Rated Cument(Amp) 0.18 092 | 092 | 092 | 092 | o033 | 033 | 033 | 033 0.33




SONGLE RELAY

— B

) SONGLE RELAY

RELAY 1S09002

1. MAIN FEATURES
« Switching capacity available by 10A in spite of

mass production.

2. APPLICATIONS

» Domestic appliance, office machine, audio, equipment, automobile, etc.

small size design for highdensity P.C. board
mounting technique.
e UL,CUL,TUV recognized.
» Selection of plastic material for high temperature and
better chemical solution performance.
» Sealed types available.
 Simple relay magnetic circuit to meet low cost of

( Remote control TV receiver, monitor display, audio equipment high rushing current use application.)

3. ORDERING INFORMATION

SRD XX VDC S a
Model of relay Nominal coil voltage Structure Coil sensitivity | Contact form
S:Sealed t L:0.36W ol fgng A
SRD 03. 05. 06. 09, 12, 24, 48VDC | “P¢*eC WPe T Bl form B
F:Flux free type D:0.45W C:1 form C
4. RATING
CCC FILE NUMBER:CH0052885-2000 7A/240VDC
cCC FILE NUMBER:CH0036746-99 10A/250VDC
UL /CUL FILE NUMBER: E167996 10A/125VAC 28VDC
TUV FILE NUMBER: R9933789 10A/240VAC 28VDC
19.4max — 1550y
b
3
u3__|] le-1.04 2-ens]| “uu
2£0,08
14 122005
-+
g caf
o AT AT
__ — Lo




6. COIL DATA CHART (AT20°C)

' ~ 7| Code | (VDC) | (mA) |(Q)+10% W) ) | (VDC) (VDC)
SRD 03 03 120 25 abt. 0.36W [75%Max. |10% Min. 120%
(High 05 05 71.4 70
Sensitivity)| 06 06 60 100
09 09 40 225
12 12 30 400
24 24 15 1600
48 48 75 6400
~ISRD 03 03 150 20 abt. 0.45W |75% Max.|10% Min. 110%
|(Standard) | 05 05 89.3 55
06 06 78 80
09 09 50 180
12 12 37.5 320
24 24 18.7 1280
48 48 10 4500 abt. 0.51W
7. CONTACT RATING 9.REFERENCE DATA
~ Type| . SRD : Coil Temperature Rise
LoD - FORM A h /
Contact Capacity ng fgg’\gc 10A 28VDC s oo . s
Resistive Load (cos®=1) 7A  240VAC 10A 240VAC é - -
L Inductive Load 3A 120VAC 5A 120VAC [ E i
cos®=0.4 L/R=7msec) 3A 28VDC 5A 28VDC T2
Max. Allowable Voltage 250VAC/110VDC  [250VAC/110VDC E HED 4
[Max Allowable Power Force 800VAC/240W 1200VA/300W L %0 01 02 03 04 05 06 07 08
Contact Material AgCdO AgCdO O‘;’;f‘;‘a‘:’; e
8. PERFORMANCE (at initial value) :
Contact Resistance 100mQ Max. i N
|Operation Time 10msec Max. z ‘
|Release Time 5msec Max. E . Rdcad trfe
Dielectric Strength ik ~
Between coil & contact 1500VAC 50/60HZ (1 minute) A —
Between contacts 1000VAC 50/60HZ (1 minute) Coil Power (W)
Insulation Resistance 100 MQ Min. (500VDC) \(L:fi\ESPi{im? !
Max. ON/OFF Switching - =
Mechanically 300 operation/min o=
Electrically 30 operation/min g ~
Ambient Temperature -25°C to +70°C B
Operating Humidity 45 10 85% RH 5 ==
Vibration T
Endurance 10 to 55Hz Double Amplitude 1.5mm g
Error Operation 10 to 55Hz Double Amplitude 1.5mm R T
Shock (olurrent of Load (A)
Endurance 100G Min. Life Expectancy
Error Operation 10G Min. e ===
Life Expectancy 4
Mechanically 107 operations. Min. (no load) z
Electrically 10° operations. Min. (at rated coil voltage) 3 Ndc: ot T¢-s
Weight abt,_10grs. R =
g 0 1 2 3 4 5 ] 7 8
2 Current of Load (A)
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ET-RPi START KIT

uafa ET-RPi START KIT i{luuefafisanuuusnsusaniuueia Raspberry Pi e ldnanetsazsing lae

[ ¢ L ¥ 'y J 'y
vuuefnarilgunsaiug iy dWelilunimesssdeullsunsuniunuilesiv

AnANTATRILRTA ET-RPi START KIT

®  ATVSLUUNARAUAREALANUIU 4 69
® LED 211A 3 mm AU 4 B2
¢ ymaefuuy Magnetic 18 laifiasasdu A19u 1 F9
o o o o - -
®  Au¥ PCB 1aunUssa AR MFLFB R SIRNLAY
-l - o o 3 ol gl
o HweilueaduiusalWifewiNFNS 3.3V uaz 5V

®  gungeILeim 153 x9 cm

daullsrnauueduasa ET-RPi START KIT

O O MUM.ETTEAR.CON

i e LR g o o4 = _ : ; ; »
1. wesffiueadwiude e uiudia 5 V W lunsdinn s V anueda Raspberry Pi nszualdifiganasianisana ity
q93sfivases Nslieuseuianduilef POWER SELECT Tufisnuwids EXT fioel

2. pewdiamef g wiL@ausiaiu GPIO 183u8sR Raspberry Pi (P1)

ETT CO.LTD -1- www.etteam.com



nsleuuesa ET-RPi START KIT ETT

3. meSSuesdviuseldssiudy 3.3 v Wlunadifiln 3.3V aanuefa Raspberry Pi nszualsiifieswasianisane
Witunsasineaes mslaudieadenduiles POWER SELECT luilfinumia EXT Hae

4. SulefidenIwides 3.3 Vaswainirazliainuedn Raspberry Pi yideananeuen

5. 91 GPIO A4 fiannanuefe Raspberry Pi

6. 1mwefuuy Magnetic 180 l3ifla asdy Lﬁiﬂﬁﬁmﬁmﬁmsha'] FainandlElaegaiadaang 1-2 kHz

7. LED 9419 3 mm g LED azfsadnadiednoasdn 1 uwazsuilesneasdn o

8. @induuunsislsessu Taedlenaaindazléeedn o Usetavaedn 1

0. Muil PCB launtlszasdduiusiaswafisiAs

L4
o « J - 1 a .
10. AuefidaniWides s V assweininazliainuedn Raspberry Pi ¥i38a N8N

n1sAa ET-RPi START $2ui1 ua%m Raspberry Pi

nsraluszwinsseILeinasarua1BuLN 26 pin Iaafeallien 1 vesarBun (FenA’INETBINNIE

AR NAIsY) ATITUAIMULIEN 1 989 Header P1 UuUB3A Raspberry Pi

AR U

GPIO #1497 w@suaim Raspberry Pi lii#ansnsasfuussaudunm s vDC 1o azlagedn
WA 3.3 VDC WHU  AINUNISARNeTANN ] Aessziasziuilufias  inszeazvilvueda
Raspberry Pi Rewnela
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" Raspberry Pi

Raspberry Pi 2, Model B

Product Name

Product Description

Specifications
Chip

Core architecture
CPU

GPU

Memory
Operating System
Dimensions
Power
Connectors:
Ethernet

Video Output

Audio Output
USB
GPIO Connector

Camera Connector
JTAG
Display Connector

Memory Card Slot

Micro USB socket 5V, 2A

Raspberry Pi 2, Model B

The Raspberry Pi 2 delivers 6 times the processing capacity of previous
models. This second generation Raspberry Pi has an upgraded Broadcom
BCM2836 processor, which is a powerful ARM Cortex-A7 based quad-core
processor that runs at 900MHz. The board also features an increase in
memory capacity fo 1Goyte.

Broadcom BCM2836 SoC

Quad-core ARM Cortex-A7

900 MHz

Dual Core VideoCore IV® Multimedia Co-Processor

Provides Open GL ES 2.0, hardware-accelerated OpenVG, and 1080030
H.264 high-profile decode

Capable of 1Gpixel/s, 1.5Gtexel/s or 24GFLOPs with texture filtering and
DMA infrastructure

1GB LPDDR2

Boots from Micro SD card, running a version of the Linux operating system
85 x 56 x 17mm

10/100 BaseT Ethernet socket
HDMI (rev 1.3 & 1.4)

3.5mm jack, HDMI

4 x USB 2.0 Connector

40-pin 2.54 mm (100 mil) expansion header: 2x20 strip

Providing 27 GPIO pins as well as +3.3 V, +5 V and GND supply lines
156-pin MIPI Camera Serial Interface (CSI-2)

Not populated

Display Serial Interface (DSI) 15 way flat flex cable connector

with two data lanes and a clock lane

Micro SDIO
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Guide Contents

Guide Contents

Overvrew

What to watch out for!

What hasn't changed

What has changed, watch out!
New Processor

Power Draw

How to tell if you have a Pi 2
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Broadcom Logo on Processor
RAM chip on bottom
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Overview

Didn't think the Raspberry Pi could get any better? You're in for a big surprise! The Raspberry Pi 2
Model B is out and it's amazing! With an upgraded ARMv7 multicore processor, and a full Gigabyte
of RAM, this pocket computer has moved from being a 'toy computer' to a real desktop PC

The big upgrade is a move from the BCM2835 (single core ARMv6) to BCM2836 (quad core
ARMvV7). The upgrade in processor types means you will see ~2x performance increase just on
processor-upgrade only. For software that can take advantage of multiple-core processors, you
can expect 4x performance on average and for really multi-thread-friendly code, up to 7.5x increase
in speed!

That's not even taking into account the 1 Gig of RAM, which will greatly improve games and web-
browser performance!
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Best of all, the Pi 2 keeps the same shape, connectors and mounting holes as the Raspberry Pi B+.
That means that all of your HATs and other plug-in daughterboards will work just fine. 99% of cases
and accessories will be fully compatible with both versions
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Please note: The new processor on the Pi 2 means that you will need to update your existing SD
card or create a new SD card with your operating system (Raspbian, Arch, XBMC, NooBs, etc)
because you cannot plug in olderscards from a Pi 1 into a Pi 2 without upgrading with sudo apt-get
upgrade on the Pi 1 first.

Also, any precompiled software will not work at full speed (although supposedly the processor will
be able to run it). Still, you'll likely want to have it recompiled for the new processor! For many
people, this isn't a big deal, but if you have a pre-created Pi 1 Model A+B+ card image, just be
aware it won't work without performing an 'sudo apt-get upgrade' on the older Pi 1 before installing
on the Pi 2!
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What to watch out for!

Watch out, the Raspberry Pi 2 Model B is VERY different from the Raspberry Pi Model B -
check for that "2" when checking accessories and compatibility!

The Raspberry Pi 2 Model B looks *a lot* like a Raspberry Pi Model B+! Look for the chip on
the bottom to identify the Pi 2

What hasn't changed

The basic form-factor of the Pi 2 Model B is nearly 100% the same as the Pi model B+

e The shape and size of the PCB is the same
e The 4 mounting holes are in the same location and are the same size

e The USB, Ethernet, A/V, HDMI, micro SD and microUSB connectors are int the same exact
locations and are the same size

e The Camera, Display and 40-pin GPIO connectors are in the same exact locations and are
the same size

The physical changes include:

e Processor chip is larger, has moved slightly

e The RAM is now soldered onto the bottom of the board (no longer PoP)

e Other components and chips are moved around slightly to make space for the larger
processor and RAM chip on bottom

This means that 99% of cases designed for the Raspberry Pi Model B+ will work with the Raspberry
Pi 2 Model B. This includes the Adafruit B+ Pi cases (http://adafru.it/2258)
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One exception is some Pibow cases which have a layer that has cutouts for the specific location of
the processor. (http://adafru.it/epX)Pimoroni has informed us that they will have a new case design
that is compatible with both. Check the description of any case to make sure it is compatible with
both Raspberry Pi Model B+ and Raspberry Pi 2 Model B

What has changed, watch out!

New Processor

The processor has completely changed on the new RaspberryPi 2, instead of a ARM v6 core chip
(armé6l) the BCM2836 has been upgraded to an ARM v7 core which is a much more powerful core

However, your existing Raspberry Pi SD card images may not work because the firmware
and kernel must be recompiled/adapted for the new processor.

If you have a Raspberry Pi 2, and you are trying to upgrade your existing SD card, you will need to
upgrade your installation. To do that, log into your Pi 1 and at a console or terminal type in sudo
apt-get upgrade to perform the upgrade procedure. You'll need your Pi to be on the Internet to do
this. Once upgraded, the card will work on both Pi 1 and Pi 2 computers
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If you have any pre-compiled binaries that you are downloading, those will need updating too, in
order to take advantage of the speed increase. Anything where you have access to source code
can be recompiled and ought to work just fine. Supposedly any ARMv6 software is forwards
compatible with ARMv7 but we haven't tested it for sure yet

Power Draw
Quad-core ARMv7 processor means higher current draw.

Just having the Pi 2 Model B running idle (no HDMI, graphics, ethernet or wifi just console cable) the
Pi 2 draws 200mA

With WiFi running, that adds another 1770mA

If you have Ethernet instead, that adds about 40mA

When doing the heaviest computational tasks, we added about 200-250mA more current. So if
you're really using your Pi 2 and you have a WiFi dongle, expect to need 650mA @ 5V, at least.

More if you have stuff connected to the GPIO connector, other USB devices, Ethernet as well, etc!

If you're still running with a cheap 5V 700mA power supply, we really recommend upgrading to a 5V
@ 2000mA!

© Adafruit

Industries https://learn.adafruit.com/introducing-the-raspberry-pi-2-model-b Page 8 of 23



© Adafruit
Industries

https://learn.adafruit.com/introducing-the-raspberry-pi-2-model-b Page 9 of 23



How to tell if you have a Pi 2

Since the Raspberry Pi 2 Model B looks a /ot like the Raspberry Pi Model B+ you'll want to get good
at identifying which you have.

PCB Silkscreen Name

First up, you can look for the name which is near the GPIO connector:

Look for the "Raspberry Pi 2" text and you're golden!

Broadcom Logo on Processor

Since the Pi 2 does not use 'package-on-package', assembling the RAM on top of the processor,
you can easily spot the Broadcom logo on top of the quad processor
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If you don't see the logo, or you see something like "Samsung" or "Hynix" it's a B+

RAM chip on bottom

The Pi 2 has a RAM chip that is soldered onto the bottom of the Raspberry Pi's circuit board. The
B+ does not have one at all, the RAM chip is soldered directly on the processor. So just look for a
black square chip on the bottom of the PCB. The naming and logo on the RAM may vary depending

on what company supplied the memory.
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Benchmarks & Performance Improvements

The big reason to upgrade to a Pi 2 Model B over a classic Raspberry Pi Model B+ is the big boost
in performance

The Pi 2 has 4 processors in one chip (the B+ has only one), an ARMv7 core vs an ARMvE, and 1
Gig of RAM vs 512 MB for the model B and B+

Those 3 improvements translate to pretty big performance increases!

OK but how much faster is the Pi 2 vs the Model B+? While it strongly depends on what you're
doing, you should see at least 85% improvement (single-core processes that just depend on the
ARMvV7 vs ARMv6 upgrade. For anything that can take advantage of multi-core processors, you can
see up to 7x increase in speed!

Using the Pi as a computer feels fast and 'desktop like' - not sluggish! Particularly for developers,
compiling code on the Pi 2 is 4x faster and the extra RAM helps a lot too, so most programs can
now be compiled directly on the Pi. We still recommend our Pi Kernel-O-Matic for cross-compiling
kernels since you need a lot of space & RAM (http://adafru.it/epp)

Compared to other Single-Board-Computers

You can see how the Pi 2 compares to the Arduino Yun / Beaglebone Black / Intel Galileo by
checking out this earlier comparison guide (we'll be updating the guide shortly to add the Pi 2
numbers!) (http:/adafru.it/eq)

We provide nbench numbers below that you can compare to the other computers until we update
that tutorial...

nbench on Pi 2 @ 900MHz
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nbench @ 950MHz
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For comparison-geeks, note that if you overclock the Pi 2 to 900-1000 MHz it's essentially the same
processing speed as a BeagleBone Black (also an ARMv7), but with the improved Floating Point
capabilities. There's a lot of reasons to go with a BBB vs Pi2 so please note it's not that the Pi 2 is a
'replacement' for the BBB!

Sysbench tests (Compared to Pi B+)

Sysbench is a linux program that can do raw computational tests. It's a pure-math test, but will tell
you the 'upper bound' for speed and is good for general comparison.

Running on a B+ @ 700MHz with one thread, we get:
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And for 4 threads:
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Note that both tests take 523 seconds, because the B+ is a single-core processor, there is no
improvement for having 4 threads vs 1 (all 4 threads are one one processor)

In comparison, the Pi 2 at 900 MHz has for a single thread:
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298 seconds vs 523 for a single thread, so even without taking advantage of multicore, there's a
523/298 = 75% increase. That's nearly double just by having a ARMv7 doing the computation

If running with 4 threads, one on each processor, we see another big improvement
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because we could split the work over 4 cores, we sped up 4x to 76 seconds.

Compared to a model B+, the Pi 2 is at most 7x faster when using multi-threaded/core
computation!

Web performance (Compared to Pi B+)

When using the Pi 2 for desktop use such as running Scratch, minecraft, or web-browsing, it feels
much faster. But, that's pretty subjective and we wanted to have some Real Numbers for
comparison so we ran a few web-browser Javascript tests.

Javascript is fairly processor-intensive and runs a huge amount of the interactivity of websites, so
speedy Javascript will translate directly to speedy browsing!

The first test we did is called Octane, you can run it by visiting here (http://adafru.it/epY) - it runs in
your webbrowser and does a series of tests.

On a B+, we actually couldn't get the test to finish without crashing, but before it crashed we got the
following:
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Compare to the Pi 2 which did at least finish and gave us these numbers:

< | .h"ps //octane-benchmark googlecode comy/svviatest/index Mmi

Higher numbers are better in this case
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You can tell that depending on the tests, the Pi 2 is at least 2x as fast, and in most cases is 4x as
fast.

SunSpider (Compared to Pi B+)

Another test you can run is called SunSpider (http://adafru.it/epZ), it's also a Javascript
benchmarker. Here's the results from running it on a B+
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And running on a Pi 2:
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In this case, lower numbers are better. Again, you can see that all tests are at least 2x faster on a Pi
2 vs a B+ and most are about 4x faster!

Other tests!

OK we'll be doing more tests, but one thing we did get going was playing around with emulators. Of
course the Pi 2 is much speedier than the B+ and by overclocking to 900 MHz we could run pcsx
(playstation 1 emulator) and Crash Bandicoot at full speed with HDMI audio! Simply download, build
and run as per this tutorial (http://adafru.it/eq0).
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__author__ = "Phrutthaphong'

from SimpleCV import Image, Color, Display, DrawinglLayer, Camera
import time

import numpy

import math

import wiringpi

from matplotlib import pyplot as plt

def getDegreelength(xy, cen):
x1 = xy[0]
y1=xy[1]
Center = cen

Len = math.sqrt(math.pow((y1 - Center[1]), 2) + math.pow((x1 - Center[0]), 2))

#4] Speciel case on 0 90 180 270
if ((y1 == Center[1]) & (x1 < Center[0])):
Deg=0.0
else:
if ((x1 == Center[0]) & (y1 < Center([1])):
Deg =90.0
else:
if ((x1 > Center[0]) & (y1 == Center[1])):
Deg = 180.0
else:
if ((y1 > Center[1]) & (x1 == Center[0])):
Deg =270.0

else:



# Calculate other angle
Deg = math.degrees(math.atan(abs(y1 - Center[1]) / abs(x1 - Center[0])))
if ((x1 > Center[0]) & (y1 < Center[1])):
Deg = 180 - Deg
else:
if ((x1 > Center[0]) & (y1 > Center[1])):
Deg =180 + Deg
else:
if ((x1 < Center[0]) & (y1 > Center[1])):
Deg =360 - Deg

return (round(Deg,3), round(Len,3))

def CheckSize() :

# 1] print 'OK Start'

time.sleep(1)

img = cam.getimage()
img.show()
time.sleep(2)
# 2] Edge detection by Candy
imgBi = img.binarize()
imgBi.show()
time.sleep(1)
# 3] Remove small bad points
imgEdgOpen = imgBi.erode(2)
imgEdgOpen = imgEdgOpen.dilate(2)

imgEdgOpen.show()



#4] Find Centriod
ccen = imgEdgOpen.findBlobs().center()
cen = ccen[0] #reduce array to 2D
#5] Display centroid on image
disp = Display(imgEdgOpen.size())
scopelayer = Drawinglayer(imgEdgOpen.size())
scopelayer.circle([cen[0], cen[1]], 10, Color.BLUE, width=3)
imgEdgOpen.addDrawinglayer(scopelayer)
imgEdgOpen.save(disp)
time.sleep(1)
#6] Edg detection (canndy)
imgEdg = imgEdgOpen.edges()
imgEdg.show()
time.sleep(1)
#6] Take all perimiter to list
# Mat = imgEdg.getMatrix()
X,y = numpy.where(imgEdg.getGrayNumpy()>128) #ask numpy where in our gray image is white
x=x*(1.0) #make it float
y=y*(1.0) #make it float
peri = zip(x,y) # make the points into a list of tuples
#7] calculate the distance and Degree
res = [(0,0)] # for keep result of [angle, len, x, y ]
index =0
while index<len(peri) :
result = getDegreelength(peri[index],cen)
res.append(result+peri[index])
index +=1
res.remove((0,0))

res.sort() # re order from small --> big (angle)



#8] find the 4 longest points that indecated the conner of IC's
index = 0;
len_center=[(0)]
while index <len(res) :
len_center.append(res[index][1])
index +=1

len_center.remove(0)

plt.plot(len_center)

plt.show()

point=[(0,0),(0,0),(0,0),(0,0)]
point[0]= len_center.index(max(len_center)),max(len_center)
x0,y0 = point[0]
index =0
del_p = 23 #-----—--- Adjust value (+,-) for delete -------=vmnmnam-
while index<del_p :

len_center[x0+index]=0.0

len_center[x0-index]=0.0

index +=1

point[1]= len_center.index(max(len_center)),max(len_center)

x0,y0 = point[1]



index=0

while index<del_p :
len_center[x0+index|=0.0
len_center[x0-index]=0.0

index +=1

point[2]= len_center.index(max(len_center)),max(len_center)
x0,y0 = point[2]
index =0
while index<del_p :
len_center[x0+index]=0.0
len_center[x0-index]=0.0

index +=1

point[3]= len_center.index(max(len_center)),max(len_center)
x0,y0 = point[3]
index =0
while index<del_p :
len_center[x0+index]=0.0
len_center[x0-index]=0.0
index +=1
# Show len_center for check data
plt.plot(len_center)

plt.show()

point.sort()
x0 = int(res[point[0][0]][2])
y0 = int(res[point[0][0]][3])

x1 = int(res[point[1][0]][2])



y1 = int(res[point[1][0]][3])
x2 = int(res[point[2][0]][2])
y2 = int(res[point[2][0]][3])
x3 = int(res[point[3][0]][2])

y3 = int(res[point[3][0]][3])

# 9] Calculate result of area and so on.......
a = math.sqrt(math.pow((x0-x1),2)+math.pow((y0-y1),2))

b = math.sqrt(math.pow((x1-x2),2)+math.pow((y1-y2),2))

#10] print conner points (and Centroid) and results on Edge image
disp = Display(imgEdg.size())
scopelayer = Drawinglayer(imgEdg.size())
scopelayer.circle([x0, y0], 8, Color.RED, width=3)
scopelayer.circle([x1, y1], 8, Color.RED, width=3)
scopelayer.circle([x2, y2], 8, Color.RED, width=3)
scopelayer.circle([x3, y3], 8, Color.RED, width=3)
scopelayer.circle([cen[0], cen[1]], 10, Color.BLUE, width=3)
scopelayer.setFontSize(28)
scopelayer.text(' Side A = '+str(round(a,3)),[450,200],(0,255,0))
scopelayer.text(' Side B = '+str(round(b,3)),[450,250],(0,255,0))

scopelayer.text(' Area = '+str(round((a*b),3)),[450,300],(0,255,0))

# put command here to display result on LCD and LED
if((a > size_w-20)&& (a< size_w+20) && (b> size_h-20)&&(b< size_h+20)):
io.digitalWrite(22,i0.HIGH) # GREEN ON
else:
io.digitalWrite(21,i0.HIGH) # RED ON

print round(a,3)



print round(b,3)

imgEdg.addDrawinglLayer(scopelayer)
imgEdg.save(disp)

time.sleep(5)
io.digitalWrite(22,i0.LOW)
io.digitalWrite(21,i0.LOW)

disp.quit()

P 4 A -- MAIN START HERE

#set up Variable
cam = Camera()
disp = Display([640,480])

index =0

io = wiringpi.GPIO(wiringpi.GPIO.WPI_MODE_SYS)

io.pinMode(25,i0.0UTPUT) //MOTOR

io.pinMode(23,i0.INPUT) // SWITCH MOTOR

io.pinMode(24,i0.INPUT) // SWITCH IC
io.pinMode(22,i0.OUTPUT) // GREEN

io.pinMode(21,i0.0UTPUT) // RED

# ==== mush be set export before run====

# >>gpio export 25 out
# >>gpio export 22 out
# >>gpio export 21 out
# >>gpio export 23 in
# >>gpio export 24 in
#>>gpio -g mode 25 out

#>>gpio -g mode 22 out



#>>gpio -g mode 21 out
#>>gpio -g mode 24 in

#>>gpio -g mode 23 in

io.digitalWrite(25,i0.LOW) //STOP MOTOR
io.digitalWrite(22,i0.LOW) // STOP GREEN

io.digitalWrite(21,i0.LOW) // STOP RED

#1] Read Check Switch [0,1] to select the size of IC for Checking
if lio.digitalRead(24)==0):
size_w =200 ##IC1
size_h = 600
else:
size_w =500 ##IC2

size_h =1000

while True: # <-—-- example only 3 times

#2] Start wait for target in position (Box image processing)
io.digitalWrite(25,i0.HIGH) ## drive MOTOR
time.sleep(2)
while(io.digitalRead(23)!=0):
io.digitalWrite(25,i0.LOW) ## STOP MOTOR
time.sleep(3)

#3] Take picture & process
CheckSize()

#index +=1

#print' Number of Processed = "+str(index)

print ' Finished '



% ==== Wsunsumouinvesing(lodvsidmasulaglénsingm ====

% ***n13379qUnIa

% MNudssldundoseelviyuveledeglunuindedng 0 ssmunwszasvilvnsduguiala

% **UUIBNR

% Anugnssaziuegiudmautesganmiltsznanamszasinlisveshasswingatios
awnnuarldauandunvenpaniuhlimianaintosaavinu

(AuAN1SNAABY MIURANAIAUTELNN 5 pixels swlygjariusinandunazanniunua i)
whgfjqrne

galallemmasuin

Tofvunavineiuvitladssusnusldinduauasyunniu??

FRELRER

% [1) dramneenanaunsisulusungy
clear all;
close all;

% (2] Fonnmiidesnisvnasuln

% naasuifukuy fiun (ledvaly)

% winlefiiiu FPGA Failvndnunlifing Rawaauan sxldmituiveusnniy
% image size 640x480 error (IC big) Error = 8 pixels

%I =imread('DAWORK\WORK_PROJ\Project57\IC._ TESTNIC\EX6.jpg’, JPEG);
% image size 640x480 (Small IC Jerror = 5 pixels (EX12-17)

%I =imread('D:\WORK\WORK PROJ\Project57\IC_ TESTNIC\EX13.jpg’, JPEG));
% image size 800x600 (Small IC Jerror = 5 pixels (EX18-23)

%Il =imread('D:\WORK\WORK_PROJ\Project57\IC_TESTNIC\EX23.jpg’, JPEG);
% image size 960x720 (Small IC) error = 5 pixels

%Il =imread('D:\WORK\WORK_PROJ\Project57\IC_TESTNIC\EX24-26.jpe', JPEG);
I=imread('C:\Users\TOR\Desktop\code project\IC\SOM3.jpg,' JPEG);

% wanwanmiteulsigeenin
lg = rgb2gray(l);
imshow(lg); % gray image display



% [3] in Threshold Laz WueunWIE Candy edge

%level = graythresh(lg);
bw = im2bw(lg,0.3);
ibw = ~bw;
ibw = imfill(ibbw, holes");

figure;imshow(ibw);

pause;

% do Brob process to reduce some Pin error
% [1] Erode by size of disk = 3
erodBW = imerode(ibw,strel('disk’,5),'sarme");
imshow(erodBW);
pause;

% % [2] Dilate to restore size (with out any hole left)
dil_ibw = imdilate(erodBW,strel('disk',5), same’);
imshow(dil_ibw);
pause(0.1);

%find edge by canny edge detection

can_bw = edge(dil_ibw, canny',0.3);

imshow(can_bw);

% find the centroid of ibw image
s = regionprops(dil_ibw,'centroid);
cen = cat(1,5.Centroid);
hold(imgca, on’);
plot(imegca,cen(:,1),cen(;,2),'r*)
pause(0.1); %—-——-—— (2)

o = ¢ o v o i '
% [4] mm‘umqﬂwuLsaaLﬁul'ﬂuml,smwa’lmwmuguuasswwwma‘w
> 4 1o o ar - 1
m=find(can_bw==1); %azlaidufiogifesdduuniiion iy 1,2,3,4....
- o w o i _aa
[r, cl=ind2sub(size(can _bw),m); %umagummmummmu,Umt‘f]u AN2UALUY X, ¥

i=size(r), % WU pixel VDULAUTDUNVINUA
° v 5 fc‘ as
endP=[cr]; % mwummtauiamammmﬂumtswa endP 1{uadu row wax column



x=ones(i(1),1); % 3990158 1-D ﬂu’]ﬂmﬁﬁ‘uqﬂﬁwm (@ W3U x)

y=ones(i(1),1); % 2839158 1-D ?JU’lﬂl'n"]ﬁUﬂﬂﬁ‘:QMnﬂ @mwsuy)

x=x*cen(1,1); % ldyagudnas x 11 euse (hliiemanuensely)
y=y*cen(1,2); % ldgaaudnana y 14 osd  (iliifemenuemsely)
centerP=[xy};, % vnuousede centerP Wiugaaudnaiavun (Aifeafuiovun)
idx = 1:i(1), % a¥ndfuiiivunawiriugeseuynye

% anduINgaAuEnanlugyarnsquuraUNW
for k=idx
plot([centerP(k,1) endP(k,1)],[centerP(k,2) endP(k,2)],r-)
%
pause; %---—---—--—-—=— = (3)
%
end

% ANUIUATEEZMNIINYAAUINANGUARL AU ULTUTOUI
out = dista(centerP,endP);

%pause; % (4)

% [5] Auruvmnpimsaveaduseugudmaeuiuliluonse deg all
x_all = endP(;,1)-centerP(;,1);

y_all = endP(;,2)-centerP(:;,2);

xx_all =y all./x_al

deg_all=zeros(max(idx),1); % a‘?wﬁtﬁuwmawuﬁv’wm

% AuIuNaveIYagaiul

% Suilazdowtamuligniteliléyuseuain 0-360 asm Tasszuyadud
% Areviduaud Ao M Y, X 1uavuazuandsil

% Y0 | Y0

% X | X&)
% e e S
%  Y(+) | Y(+)
% X | X(+)

- v ° - o« v v Q
% F99BIIINITUINAULLAUAD N AATUA WA DINT TS



for i=1:size(y_all)
ifly_all(i)>=0 && x_all(i)<0)
deg_all(i)=360+rad2deg(atan(xx_all(i))); end
ifly_all(i)>=0 && x_all(i)>=0)
deg_all()=180+rad2deg(atan(xx_all(i))); end
ifly_all(i)<0 && x_all(i)>=0)
deg_all(i)=180+rad2deg(atan(xx_all(i))); end
ifty_all(i)<0 && x_all(i}<0)
deg_all()=rad2deg(atan(xx_all(i))); end
end

%[6] YNNSI3BIAUTIN 0->360
sort_angle = sort(deg_all);
length data = zeros(size(deg_all));
for i=1:size(deg_all)
length_data(i) = out(sort_angle(i)==deg_all);
end
%
pause;

figure;

plot(length_data); % UaMINIWAMEIVBINLAIN 0-360
% ¥ low pass filer il::lﬁ‘fimsaﬁ smooth 3

data_new = conv([1/3 1/3 1/3],length_data);

figure;

plot(data_new); % LR SNaRI M TIBNTINA N TR

pause; % 59 \A1EABUDIA
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max_tip=zeros(4,1); % a¥1dliifiuanueingaguinansgadsy
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order = zeros(4,1); % aslifiudduiaiyygIanayuy Won1sloudungnas

for j=1:4
max_tip(j) = length_data(data_new == max(data_new)), %1hA1nme1aneou fitter Taiuld



order(j) = deg_all(out==max_tip(j)); %tyssiiuli

% 1d "0" wliwds 30 dufiearlanwlmifidwuspildgndassiely

for i= find(data_new == max(data_new))-30 :find(data_new == max(data_new))+30
data_new(i)=0;

end

plot(data_new); % LLamawamwﬁamuaaﬂﬁamu

pause;

end

% Suanduiulvigndealasnaisiuain 0-360
max_tip_new = zeros(d,1);

max_tip_new(4) = max_tip(order==max{order))
order(order == max(order))=0;

max_tip_new(3) = max_tip(order==max(order));
order(order == max(order))=0;

max_tip_new(2) = max_tiplorder==max(order));
order(order == max(order))=0;

max_tip_new(1) = max_tip(order==max(order));
order(order == max(order))=0;

% 1hgeTiidlunaduuuled

figure(2);

for i=1:4
plot(endP(max_tip_new(i)==out,1),endP(max_tip_new(i)==out,2),'s™)
pause;

end

% anniduidonqs
plot(fendP(max_tip_new(1)==out,1),endP(max_tip_new(2)==out,1)],[
endP(max_tip_new(1)==out,2 ),endP(max_tip_new(2)==out,2)],'s-)
pause(0.5);
plot(lendP(max_tip_new(2)==out,1),endP(max_tip_new(3)==out,1)],[
endP(max_tip_new(2)==out,2 ),endP(max_tip_new(3)==out,2)],'¢-")
pause(0.5);



plot{lendP(max_tip_new(3)==out,1),endP(max_tip_new(d)==out,1)],[
endP(max_tip_new(3)==out,2 ),endP(max_tip_new(4)==out,2)],'s-)
pause(0.5);
plot(fendP(max_tip_new(d4)==out,1),endP(max_tip_new(1)==out,1)],[
endP(max_tip_new(d)==out,2 ),endP(max_tip_new(1)==out,2)],'s-)
pause;

% AMVNBNNINGTIUAUTBUN

p=[endP(max_tip_new(1)==out,1) endP(max_tip_new(1)==out,2)}; % Wi p \iugaaudnats (Bu
Wiea) 13

g=lendP(max_tip_new(2)==out,1) endP(max_tip_new(2)==out,2)]; % q Lﬁuqﬂumﬁuﬁazuﬁ'qm
len1 = distalp,q); % ﬁ’wuuumﬁsaxﬁwaszwdwqaaeqmﬁu

p=[endP(max_tip_new(2)==out,1) endP(max_tip_new(2)==out,2 )], % ¥ p tiugnguenans (§u
We) 13

q=[endP(max_tip_new(3)==out,1) endP(max_tip_new(3)==out,2)]; % q Lﬁuqﬂuul,ﬁuﬁé"'uﬁqﬂ
len2 = dista(p,q); % ﬁwmuwssasﬁmsijamqmﬁu

p=[endP(max_tip_new(3)==out,1) endP(max_tip_new(3)==out,2)]; % Wp Lﬁuqmquénmq (9u
Wed) 1

g=[endP(max_tip_new(4)==out,1) endP(max_tip_new(d4)==out,2)]; % q Lﬁuqmuulﬁuﬁguﬁqm
len3 = dista(p,q); % ﬂ“'m"mmsw:sﬁmzwmaawmfu

p=lendP(max_tip_new(d)==out,1) endP(max_tip_new(d)==out,2)]; % 1% p tivgaaudnas (Hu
Wea) 19

g=[endP(max_tip_new(1)==out,1) endP(max_tip_new(1)==out,2)]; % q Lﬁwﬂumﬁuﬁﬁ?uﬁqm
lend = dista(p,q); % ﬂ"'lmum'szuzﬁﬂﬁzwj'\aﬁamﬂﬁu

lenl = lenl+len2+len3+lend; %Swm’mm’uaﬁa

%L ARNINADDNIDN TN

text(10,40,'Length is ','Color’,' w')

text(90,40,num2str(len1), Color','w’)

pause;
hold(imgca, off")
close all;

clear all;





