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Abstract

Code of project : INN-coz/w&be
Project name : Design and development of plastic bottle bank vending
Researcher name : Asst. Prof. Kairoek Choeychuen, Ph.D. and

Ms.Natpapas tienchan

This research report presents a design and development of used plastic
bottle seller based on internet of things (IoTs). The objective of this project is to
realize importance of the world conservation by recycling the used plastic bottle via
seller machine. For system working, user submits their account to the seller machine
via key pad. The machine is commanded to open hole for putting bottles in tray and
controller board, raspberry pi, gets bottle picture via webcam. Color-projection
histogram, combined spatial and color information, was computed to classify bottle
size and brand. After that the size and brand including user account will be sent to
online web hosting to record point. The collection of point can be show on web
page and can be change to products or services in category such as coke, a bottle of
drinking water, snake, donation to temple etc. For future work, we can improve
mechanic of bottle conveyer to increase speed of the machine seller and also

improve money transfer system via online banking.

Keywords : Used plastic bottle seller, Internet of things, Image processing

E-mail Address : kairoek.c@rmutr.ac.th

Period of project : October boeel — September oo
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@ raspberrypk ~

{ Raspberry Pi Software Cof¥iguration Tool (raspi-config) }

1 Change User Password Change password for the current user
2 Hostname Set the visible name for this Pi on a network

3 Boot Options Configure options for start-up

4 Localisation Options Set up language and regional settings to match your location
S Interfacing Options Configure connections to peripherals

6 Overclock Configure overclocking for your Pi

8 Update Update this tool to the latest version
9 About raspi-config Information about this configuration tool

<Select> <Finish>

MW o - & 1F8N518N15 " Advanced Options " A1y " raspi-config "

NN o — & LI Run A&S sudo raspi-config kanltimden Advanced
Options 9MNUUAzLAeA Expand filesystem MuaA W o — &

pi@raspberrypk ~

— Raspberry Pi Software Configuration Tool (raspi-config) |

A2 Overscan You may need to configure overscan if black bars are present on display
A3 Memory Split Change the amount of memory made available to the GPU

A4 Audio Force audio out through HOMI or 3.5mm jack

AS Resolution Set a specific screen resolution

A6 GL Driver Enable/Disable experimental desktop GL driver

<Select> <Back>

AN o - & NMIVNBTZUULILUL Raspberry Pi m



NN o — & Laiden Expand filesystem uda na Enter ALUURNW
anAsaslunyu" <Finish> "a1ntuyaiazes Pi vesnalninuenalasuudslvsymnsos tngld
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micro-SD @U150ASI9dUINRAN LSS UNSVENELAENITIEAIES df — h LAEASIIEBUNAGNS

Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry | <> = B3 [¥ Shell
1 § df -h
2 Filesystem Size Used Avail Use% Wounted on
3 /dev/root 306 4.2G 24G 15%
4 devtmpfs 434M 0 434M 0% /dev
5 tmpfs 438M @ 438M 0% /dev/shm
6 tmpfs 438M 12M 427M 3% /run
7 tmpfs 5S.0M 4. 0K 5.0M 1% /run/lock
8 tmpfs 438M ® 438M 0% /sys/fs/cgroup
9 /dev/mmcblkepl 42M 2IM 21M 51% /boot
|10 tmpfs 8M @ 88M 0% /run/user/1000

2NN o - o LAINAGNSAANNLATUNITVENY

NI b - b usEUUlIE Raspbian lasunisveneliinseumau
1157 micro-SD Y19 meGB NInuA
©. TUABUN b AARINITINIBY
TUABULINABNTENANUAZBNNTAUNALNATIT O
[Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry |— <> =— E |

|1 $ sudo apt-get install build-essential cmake pkg-config
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NNUUADIRAFAILATOILDEMTUTNHAILBNALITUN99E19TIUNT CMake
F939z928 M@ NTANMNUAAINTEUIUNTTESN OpenCV Tngldmasmunni b - <

'Raspbian Stretch: Install OpenCV 3 + Py_thoﬁ on you_r' ﬁagpber'?y_l O = B3 [ Shell |
$ sudo apt-get install build-essential cmake pkg-config

ﬂ’]‘W‘VI b-c maﬂumsmm CMake

solusndudasdndaniinng | / O nMwusdungrelmsiauisalvan
sUkuulnamweaganAante degrswasgunuulnddangns laun JPEG, PNG, TIFF @@
TaglgAEImuNINT b — o

'Raspbian Stretch: Install OpenCV 3 + Python on your Raspberryl— <> = E3 [ Python |
|1 $ sudo apt-get install llbjpeg-dev libtiffS-dev libjasper-dev libpngl2-dev

ﬂ'l‘W‘VI b -« maﬂumsmmmmwmm /0 N
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WAL WRINSUANNG |/ O mmisndndudasdiunana 1/ O
e laussmanlhglinaunsagugduuuliaiflesigmnfansiuinisihaulagnse
fuansaisle lagldmdinunini o - oo

Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry | — B3 [ 3
1 $ sudo apt-get install libavcodec-dev libavformat-dev libswscale-dev libvé4l-dev
2 3 sudo apt-get install libxvidcore-dev libx264-dev

2NN b - 0o AAILUNITAARILANLAD | / O J5le

melulausns OpenCV wmieurivlugatgesds highgui sldieuaninn
Tgwmhaswazadie GUI Tuitugnu lunissausiu luga higheui Sndusiesdiasslausiinis
Waun GTK Tagldadnunni b - oo

[Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry | — =
$ sudo apt-get install libgtk2.@-dev libgtk-3-dev

A0 o - 0o AAIUNTAARILAUIISANTHAILY GTK

msaiiuunglu OpenCV F1uaUINA 19U MIANTUNTIIVENG
annsaviiudsyansaldunntulaensindenisfianiae Sadulausinisiia
Uszdndam ﬁm’méﬁé’iyaéwéqﬁm%’uqﬂmaﬂﬁﬁ%ﬁi’ﬁm PIUNTNEINTITU Raspberry Pi
AT o - el

Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry =RBK = (3
$ sudo apt-get install libatlas-base-dev gfortran

AN I — ol AMAIUNNTAARINITNINIR LAY

gnvneazlunishnAslndadiumivas Python .o uaz Python m tiveli
151@13150meUlNg OpenCV 718 Python bindings TagltmdsmunIng o — em

Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry |- <) = (3 [*
$ sudo apt-get install python2.7-dev python3-dev

AN o - e AESIUNSAARTINAEIUTITEY Python .o Lag Python m

matuduneulionadunafiudeianainiineatasiu Python.h Tdaau
wnlinudeisenld make lianoulwg OpenCV

o, JuRBUT o ntilvanwadaldn Opencv
YUzt sRad o iruud s ez S uiAulng ma.o ves
OpenCV a1nfikfiu OpenCV agnaifiunisnis Juiliiluga dnn
Subusioadiass OpenCV m sg1adfuguiuy (ewihdsaudnuasigu SIFT
(Scale Invariant Feature Transform) n1sUszanananInwans waz SURF (Speeded-Up
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1% '
A =

Robust Features ) danesfidlunisAumanaulavunin iWusy duiusdndudewmiiiug
Lﬁu%aﬂa opencv_contrib

[Raspbian Stretch: Install OpenCV 3 + Python on your Raspber — x

wget -0 opencv_contrib.zip https://github.com/Itseez/opencv_contrib/archive/3.3.@.zip
unzip opencv_contrib.zip

AW o - o AATIUNIAAAY OpenCV m BE10ANFULUY

4' a o | o v v !

WBL31AAAY OpenCV B8 19LANFURUULEIABINTIAABUINFULUY opency
wag opencv_contrib wiileufiu lunstliifie m.m.o mMnnueauestulinsiiunmenaay
wuteianaintunisaexlnavsesulng

<. UnUN & Python lo.ef %38 Python m
NEUNALLINTIVTIU OpenCV Ul Raspberry Pi e 909151lAL51709RARY
pip $139AN1S package U89 Python

Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry | - A
$ wget https://bootstrap.pypa.io/get-pip.py

2 3 sudo python get-pip.py
$ sudo python3 get-pip.py

2N o - o& ANEINITAAGI pip

Usenisusndsddiesesdilatianmnndemationduedesiiofemud
THlunsfuteyafiamiidedtlulasesnisinaqluaaudiuensamnnlasnsadieszuuPython
fuendaszuazuenoonanfudmsuusazszuu Ssmsinge virtualeny wae
virtualenvwrapper &1 virtualenv tglunisuenaninwindenlun1svieu Python vadlus
\afigeanslHau Python library version sy adlulaus 3aldsuiuiielyt library 19
aldine uasvirtualenvwrapper sz duansusld virtualeny IdeTudunanavadis
anmwndeniniudisuldanmundonlunsviaudeiosiun b-a Adusldmdmada
209 virtualenvwrapper Adaiienau Ssaunsondalalnefdsmunnd © - oo

|1 3 sudo pip install virtualenv virtualenvwrapper
|2 $ sudo rm -rf ~/.cache/pip

AN I — @ AAINLTIUAISARAS virtualenv Wag virtualenvwrapper

MeuUllided virtualenv kag virtualenvwrapper l95UNSAAAILAT
dnludiesusulys ~/ profile Wiesanussiiasal Uil imeduieazainlumsienlday

[
o A

Patilenatalusingdn workon



Al |

[Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry |— <> = E
é exbbr{ iVC)RKON_HOMEQSHbMé)'.virtﬁdienvs

3 export VIRTUALENVWRAPPER_PYTHON=/usr/bin/python3
|4 source /usr/local/bin/virtualenvwrapper.sh

2NN 8 — ee MIFWUTTTRRBIUTIN L IMeiuiaazainlunissenldau

solUldlusunsuudladoninangu vim , emacs , nano Lieusuls
~/.profile uagsuinnlnaisligenadosiunisiuasunlasinaasndieau

'Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry | <> = B3 [A Shell
1 $ echo -e "\n# virtualenv and virtualenwwrapper” >> ~/.profile

2 $ echo "export WORKON_HOME=SHOME/.virtualenvs” >> ~/.profile

3 $ echo "export VIRTUALENVWRAPPER_PYTHON=/usr/bin/python3" >> ~/.profile

|4 $ echo "source /usr/local/bin/virtualenvwrapper.sh” >> ~/.profile

2T o - o unlelusunsulagnisidentd vim , emacs , nano Lieusuuss ~/.profile

AoUtITUsINE A sSUaud Silludedvanlmiiteliuulelusing
I§inswasuulad Inevhauduneuseluil

o. ponINIFULLA AT FazuUBnads

. Untayd terminal waz el

o, Wioisaualdmds iesuldeds source: mMunil b - o

[Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry [— <> = g [# Shell |
L1 $ source ~/.profile

AW o - o YNsanlusludlnilaeldmds iieanald@mds source

polumsasamMnIndeuEiiou Python Atsnaglddmsunsiawn
Ieririneuiimes lngldmdwmiunnd.. ieassaninwinaeiaiiou Python Trifitein
cv lagld Python e

Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry I=— <> - | [ Shell |
$ mkvirtualenv cv -p python3

27 o - o AduelEluNsaSIEA NIInRRILELaY Python Tmifizein cv Tngld
Python e

nntulvnsRaeutegluanniindemaiion "CV' visell lngeanain
sruULazngsEuUanase vse Wawmesiidalvi lngldrdeminamnd... Inafds workon
Wit anmmwandeuLUuailou cv

'Raspbian Stretch: Install OpenCV 3 = Pythonﬁon your Rasp—ber?y B=H<O =83 s
1 $ source ~/.profile
|2 $ workon cv

AN o - we AAIUNSSENTY CV
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MInyIvdeuegly annwindeuialon cv ATIREBUUSTTIAAAT dAnuTiudany
(V) neunthmeuviazegluanniinaeuiaiiou cv

-

pi® raspberrypt ~
(cv) pl@raspberrypi: Il

2 o - e N13asIvdeulidlahiutont " (cv) " Tunsenduansinnuegly
anmungesLailau cv

Wensaaaeuitegluanin CV lauds iRnAs NumPy uu Raspberry Pi
Wiold NumPy lunsuszananaldieniia tneldm&miunin o - o

Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry
$ pip install numpy

AN o - o MAILUNITAARS NUMPY

&. IUADUN & FIVTMUAZAANY OpenCV
fetuneuindounazaeulnauaz@nis OpenCV nsiageudnass tnald

g '
o o a

Adanunni... egluanimundennuuiaiion cv lnen1snsvasutondiuudavsiiu

[

AU (CV)

Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry
$ workon cv

2N o - e AMadlunnsvaeullsingriasaliegluannwindonnuuiaiion cv
w3alyl
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Wediuladnegly anmuindeuaiiou cv udranusansdnisadalusing
OpenCVIngld CMake Tagldmdsnunng b - og

Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry |

$ cd ~/opencv-3.3.0,
2 $ mkdir build

$ c¢d build
4 $ cmake -D CMAKE_BUILD_TYPE=RELEASE \

-D CMAKE_INSTALL_PREFIX=/usr/local \

6 -D INSTALL_PYTHON_EXAMPLES=ON \
-D OPENCV_EXTRA_MODULES_PATH=~/0pencv_contrib-3.3.0/modules \
-D BUILD_EXAMPLES=ON ..

0o

2N o - e AFslunIRIAINsaselusiig OpencV Tagld CMake

noulineutagludtunaunssiusiudeyaiintuaidinsiaaeunadns
Y99 CMake dunadn Interpreter FLUNLUUIT Pythonen vaasfigluanimiingdeuiaiiou cv
fMUs numpy G93lun1siens NumPy Tuannwindeu cv Mamudl o - oo

pi® raspberrypt ~/opencv-3.3.0/build

2N o - o N15ATIVABUIN Python e axldilianenlng OpenCV e @1%5U Raspbian
Stretch U Raspberry Pi en

nnuimusA e swap Aoufiezsiusiteriiumsuaniasuuuaitud
9370 F39z2619% OpenCV mmﬁa'ﬁmawﬁ’agaﬁ”’ﬁLmusum Raspberry Pl Inglsigiog
srlosndywmiieannus Inedalnd / etc / dphys - swapfile  udufly i
U5 CONF_SWAPSIZE LA82Uu537n @0oMB wagifitussiin ecbeMB ud1 Tillundndu
Tunsaeulndseunumaiasau Raspbian Stretch AuAIWil o — oo
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Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry |
2

4 CONF_SWAPSIZE=1024

AT 8 - oo wAluFUs CONF_ SWAPSIZE

WedesnsiUaldaunui swap Indlmsuduuinig swap Tud Tagldmds
AUNNT o - o

Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry |
$ sudo /etc/init.d/dphys-swapfile stop
2 $ sudo /etc/init.d/dphys-swapfile start

AN o - o MENluABINSIUAIUNUR swap Tl
gavnelvineulng OpenCV lngldmdwnunini b - be

Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry |
$ make -j4

M9 o - e Mdslglunsaenlng OpenCV

Wl OpenCV o L@59EUNNITIUTIMHANUTDIAAMITTIaNBUzAd 18U
MBI b — a0

pi@raspberrypk ~/opencv-3.3.0/build

99%] Linking CXX executable /../bin/tapi-example-clahe
[ 99%] Bullt target example_tapi_clahe

[ 99 ]
[ 99%] Linking CXX executable J../bin/tapl-example-pyrlk_optical_flow

Built target example_tapi_pyrlk_optical_flow

Linking CXX executable
Built target example_tapi_bg

Linking CXX executable ../../bin/tapil-example-camsh
Built target example_tapi_camshift

Linking CXX executable ../../bin/tapi-example-tv
Built target example_tapi_tvli_optical_flow

Linking CXX executable ../../bin/tapi-example
Built target example_tapi_squares

[100%] Linking CXX executable ../../bin/tapi-example-ufa
[100%] Built target example_tapi_ufacedetect
(cv) pl@raspberrypi:

A9 @ - mo ABallnd OpenCV o Tu Raspbian Stretch ie5vany el
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NNUUFINAuAeABAnAs OpenCV o lu Raspberry Pi o ngldrnds
ANUANT b — me

[Raspbian Stretch: Install OpenCV73r;'Python on your Raspberry = <> = By & Shell |
$ sudo make install
|2 $ sudo ldconfig

A9 o - me AFIIUNTAAGT OpenCV o Tu Raspberry Pi m

d1%5U Python e 78927050 make install L&d2AISARAS OpenCV +

Python bindings Tu /usr/local/Ub/pythonm.c?o:/site—packages/gﬂﬂ%gﬂmmiam’ﬁ]aauﬁl gl
ANEY s AIUNINT o — alo

[Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry [— <> = E3 [#
1 $ 1s -1 /usr/local/lib/python3.5/site-packages/
2 total 1852

|3 -rw-r--r-- 1 root staff 1895932 Mar 2@ 21:51 cv2.cpython-34m.so

2N o - alo AES s AlElunITRTIE@EUNISAARAY OpenCV + Python bindings Tu

/usr/\local/lib/pythonen.&/site-packages

M8INUUEN OpenCV Yaus U1 U anmwIndesailou cv dmsu
Python m.¢ AUAIEINUNINT b — me

[Raspbian Stretch: Install OpenCV 3 + Python on your Raspberry |— <> = Eg [# Shell |
|1 $ cd ~/.virtualenvs/cv/lib/python3.5/site-packages/

|2 $ In -s /usr/local/lib/python3.5/site-packages/cv2.s0 cv2.s0

2T o - ma AASLUNTTHN OpenCV YBAs WU amwwindesiaiiow cv &msu Python

n.&

[ ]
L J

b. WUABUN b NIFNAGBUNITAAAY OpenCV m
WamesivaluilsuAas source wag workon Lae7azi Python
+ OpenCV bindings IngldAdinunni o - e
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AT o - ee Budi OpenCV o 3eufosndslu Raspberry Pi e 151 Raspbian Stretch

lo.e Raspberry Pi

Raspberry Pi iluganesmimesuuaidniinnznssumsiannluansweraninlag
uadi3 Raspberry Pi ifleduaiumaifounsaousuiiugiuinemansnoufianoslulsadon
uazluuszmafimasiam EULL‘U‘ULﬁmﬂﬁﬂﬂlﬂuﬁﬁﬁmmﬁﬂ%ﬂ lnanidimangueanaisane
dmfumsldau wuiuoud 1n3eauin1ssaludid lilsaugunsaldeving (1w ulufan was
wnd) waznsdegnslsinnuaunsaliasuuegiegniiueglunguegiaduninisuaylidu
VN3

@Qﬁﬂiﬁ@@jlﬁ@x‘mgﬂ Raspberry Pi U5nausighuuanddny aasquswsntaisunisnmun
1n® Raspberry Pi Foundation w&391n7ilésunisimeuns Pi Model B waIyailsy Igsnds
Raspberry Pi Trading %ui%ﬁ Eben Upton Ju CEO Lﬁaﬁ@umgmmuﬁ o B + $aUes3
Pi nswneiidiusuiinveulunmsimuimaluladluvas iyadfidussdnsiionsinuiiiie
duaiumadounsaeuiveimaniaonfiunostuiugululsuiouwaslulssmamdaiaun
muﬁa&aﬁ% Raspberry Pi na11318n159099U8u1NNT & é’mm%‘éﬂmﬁauqmmﬁuéﬂ
woad liduiniosneuiuneiinefigalusinguauimgainieu boes MInwwels
o6 ST WAt ob.¢ duuBsymelufeuiiinaud voew Wliluaisnouiunes
unUszasAineangadudusuanlumnavyaeufinnesnguszasdmly luifieu

N1 1LY boew 88AYIBHTINIUAY o d1UT1Y TuLAoUliuIAN U boor HBAUEH
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PUIUNIEU o a1uAU dulng) Raspberry Pi agnanlulsssu Sony Tu Pen coed, Wales

wazuduNanluUsEmeRUEa UL

.<.0 Raspberry Pi ufazsu

Raspberry Pi la5un1sumeunsuas 1ngullseuu Broadcom uudy (SoC) #ifi
wigUszanananald (CPU)  uagvthgUsvananansiiin (GPU) 71 Idswduldiu  ARM
TUsiwawemuS IR woo MHz 89 o.€ GHz d1115U Pi e U B+ nhseusioouuain
Faust oeo MB f1 & GB RAM M3 Secure Digital (SD) ldifledaifiussuuufdinsuas
oS iusunsulilugua SDHC wie Micro SDHC vesninesn USB ausnileied
wosn dwmTuiendnnifle HOMI uazidlemeulndnizlasumsatvayulaglduinvanauuy
YuIn o.e uu. Smfuiednades msdseenluszduinitiliuinnslasduiuvemye
GPIO GeanfuanulusTnnoaiiivilourutu 12C Su B fiwe$n Ethernet GPC UWa Pi e wag Pi

Zero W il Wi-Fi @ob.een kagBluetooth Nfindsag $1A18E5¥1IN9 & D s WSEEyansgy

>

>

AN e-ad LLAA raspberry pi o U B+

a

JUN @ Raspberry Pi @ U B+ lasumsiUadilufiounun1ius book Uasn
waniflvunauitngasinlasUssaauazduitsiveslosy maintine WUUNIATFIU
luna A+ uaz B + Usuugslndlefumsiasaeenuludaniadsenn "Computer Tuga”
Iasunsiasluiouavou boow TUswnsuilesia Raspberry Pi o Saiiy RAM 10T

lpsumsvaeemilununiius boed
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AT B Raspberry Pi Zero

91NN lo-eno Raspberry Pi Zero fifivunaidnasuazanuanunsalunis
doudeyauazmsthidninly (GPIO) anasléiunsilindnluifeungainiou woee [Wuyad
¢ wisonandy 1l woow Ifnareilusiavesd Pi fulnidan Wotuil be nun1wus
wowe 163 Unda Raspberry Pi Zero W #afiugu Zero fepmanunsnves Wi-Fi uay
Bluetooth 1af1 @0 WSHaNSE dlotufl ol Un51A3 boow LTin15a Raspberry Pi

Zero WH @alusuieaiuiu Zero W il GPIO faun1sUnn3

AW w-aed Raspberry Pi en Ju B+

Raspberry Pi e Model B lasun1simeunslufiaununiius woes fae
lUsiao3 Quad-Core oeBit WiFi on-board Bluetooth wag USB boot laudzludl boes
Raspberry Pi o Model B+ fivmieuszananaisinit o.«GHz wazipdornefidaiuanuwilng
19 Gigabit Ethemet (moo Mbit/s) ¥38 lo.e/& GHz WiFi Wuug (ecoMdit/s) fidenduy

oA Power over Etheret (PoE) USB boot (n1$s SD haidndudeslddnsaly)
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o.clo AMANUR Raspberry Pi (model B+)

®) Chip AIUANMAN Broadcom BCMiogmelBo

o) mgUsEananNanaevise CPU WUU Quad-Core 157 o.€ GHz

a) M8UTZUI8NTIANUTE GPU Broadcom Video core IV #3018 utyin
FOITUNIT

@) uanaarnuInwiildqasiewuy HOMI

&) AU SDRAM &elo MB

) USB .o (& Wasn)

o) 0MTIH RCA waz HOMI 1dnsdyaaiifleamsusieiulngyial vie
DUAAINE

) lnginides uafyiaun o.¢ daduns

«) Wos Ethernet %38 LAN

®0) NOINBUNALINTH GPIO (General Purpose Input/Output) fifivsie
wuuvUd SPI (Serial Peripheral Interface Bus), loC, loS

o) NFYYIUTUdOABUNTU 138 UART

o) Socket U84 SD N15A
) Il ¢ Thadt o wowd
o) VUM &0 X Ea.ala UAALUANT

@en

o.c.en Hardware

= a

o.e.mn.0 Hardware Raspberry Pi laWainduniusmaigsugadlsunuy
ANNINUIBANUT YN SaTiuaLLgUN Al

\OR- - CRU/GRU- -
2x UsB|

Al o - ez UdanlnazuNSY Raspberry Pi B+

1NN - kLU N o5 UEATIAG B Uaz B + JUA, A +
waz Pi Zero fidnwaeaanaiu ualifidiuusenauves Ethernet wag USB hub asuauines
Ethemet (@ousameluffumesn USB 1iisidis Tugu A A + wag Pi Zero madn USB 9z
\Feusalaensafuszuuuudy (SoQ) dmiufu Pl o JUB + wazguilvindn@l USB /
Ethernet fi§u USB swosadsdinesnanesaluresdl Pi o fu B fiflvsaosiuvintu vu P
Zero wosn USB azidouselngnssiu SoC usazléwesn USB vuaidn (OTG)
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o.<.m.lo KgUIzNIANE

Broadcom  BCMemm& SoC  #l4lu Raspberry  Pi JULIN
Usznoumelusiuaiges ARMeenn)ZE-S woo MHz wiihgUsyananans wiln (GPU) Video
Core IV ay RAM fiA%526U @ (Le) IUIN ob KB LazuATizau b (Lb) 31U ebc KB LAY
51U o 2214 GPU 1dundn SoC gnimi3estouduedliduusuiiioliarsoueiiuueuls
Wiy eeasIZ (F) -5 lu cPUdfuiuildly iPhone wihasldsnsuniiniigeluuagld
GPU léiEq7y

luna Vo.o JUABUNUIYEY Raspberry  Pi o 14 Broadcom
BCMeweo SoC Aulusiwaiwas Quad-Core ARM Cortex-Asl @oo MHz 3u19 mlo Unnsou
WAy Lo 7ildsaufurunn wes Alalud Raspberry  Pi b Voo Mésun1sduinsadu
Broadcom BCMcme SoC Wiaumielusiwdiwas Quad-Core ARM Cortex-A&en oc U
YU oo GHz SoC Weafufildiu Raspberry Pi m usifin1sTudn underclocked (mnuen
Sudu) Wiieudiweauniing CPU coo MHz wiloufiufiu Ve.e BCMecas SoC Lifinis
nandnaaly (Ua1el woe) Raspberry Pi e+ 14 Broadcom BCMecmeBo SoC AU
TUswwawas Quad-Core ARM Cortex-Adm WA o.¢ GHz Wiouuay Lo Aild5uiu ¢ob
Alalus

o.&.om.en RAM

UuUBSAUAY B AT els wingludleunisdnassniuei
il GPU wilie elo wingluddmiu CPU Tusu bes MB winfinedmiing B (wazgu A)
anunsowenliauuuy NsuenABudufe oo MB (RAM d@3u CPU) Fapasawifisane
A5UN1900AIENALD @ocop LUUALAUABLAUVTEINSU eD WUULSBUIY Wennaazll
WTdnSUTdesegeeiy bee MB d w3y Linux  wihiuianizusudiilesaun
soop kailuualiufavdumadmsuialende D obs wngluddmiu aD Advhmin
1no19lins0enIREIALe (WU XBMC) LUSsulisu Nokia eoe 14 ebc MB d@14su

Broadcom Video Core IV

o.<.o.€ Networking (52UULAT8U18)

JUA A + uay Pi Zero Lifheas Ethernet wazsinidonsedy
wiaelagld Adapter USB Ethernet 3o Wi-Fi anngldnteusn dmsusu B uag B +
WA Ethernet Azawdeufu Adapter USB Ethernet ludfilddu SMSC LANw&oe
Raspberry Pi e law Pi Zero W ﬁmiaﬂ&gﬂ b.@ GHz Wi-Fi @ob.een (e&o Mbit / s) uay
Bluetooth .o (o< Mbit / s) 743U Broadcom BCMememe Full MAC Taglailéifunis
advaywegadumamsdmsulnunsenin wildauld inuisuuasvianis patching [€o]
war Pi o 838 @o/@co Mbit / s wain Ethernet AnANWOIY Raspberry Pi aB +
Useneuniguuueing IEEE gob.eeb / ¢/ n / ac Wuu dual-band, Ugy) § <lo Laz Gigabit
Ethernet (§1 Uszanas moo Mbit / Furillaeta USB .o svuinaiuuay SoC)
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.¢ lUsunsunie Python

Python 1dunmwideulusunsusziugsildfusgianirsvnsdunndoulusunsy
dmsuTnguszasdialy n1w Python Huaialae Guido van Rossum uazgmuHBlnInss
w3nlu¥ oo Python Handun1euuu interpreter fignesnuuulaediunuiiazyiililée
srulfietu uadlassadhswesnduasiliusunsusesanansadlanndnnsdeulén
Tneldussitaiitiosasnintnmyiogns Co+ uay Java Samwndugnimusliilassasafidalals
madeuldadlanenslulysunsudnluauiadusunsuunelg

a9 Python  Hufigaantifduniwideulusunsuuuulauiinduasdissuuns
Famsmheanudsaluifazaivayumadoulusunsumanesuuuy Avszneulusie nns
Weulsunsudedng imperative N9t 8sulusunsuuuuiendu waen15@eulusunsuwuy
fupou fuiflausafinsounaumsvinnusgisviainvany

fruusluntw Python suillildlunansszuudfiainis shllénveaniw Python
anunsasuluszuuangg leegresni1ewane C Python Hudumsimunluneusuzes Python
Fafulusunsauuuy open source wagilyuvudmuiduduuuulunmsinmn iosnndhiléd
naluimunszaeluegiavainyans variant C Python Hulsgndnnislasesdnsll
uaHanlseg1s Python Software Foundation

TumsAnwmsi@eulusunsunne Python # Wumsdnwdeauedae@nwiain
SIPA Programming channel iy channel #iliaudiAeatunisdeulsunsusneg a1

Y
12

Fule drfneuduaiugravnssugendifuiend (esdnsuvnan)

witlnnnisAnenmsdeulusunsunie Python 1édnwnislalusunsudasdy 7
J1udeodld oy

. Syntax 1Juns@nwilassadrisvesnia@sulusunsunien Python azfesdans
Error e9lUsinIs 1aagdl b WuU Ao Syntax Error 1As9a319da wag Invalid Syntax T491u
Lilel laignsins vSaeulassadamiawuuinng

lo. fUs (Variable) iumsifudvSeiiudoyasieg eflazthunFenldau

. @934 (String) 1dlumsiiudeyaussianddnes Ussmalagliiaiomane « 7 vde

<. BULANG (Index) VBIERS AB MLILEIONYIUBIARSS

& NNIMIAUENEAATY (Length) AD mimmmmmaam%wméhLLﬂifuﬂ

5. AUMERSI ADNITAUNIATUAUIVOIER I

o. fleftunazlaseadismuay sednuluanisldanuldngt nnsussniaiaddy
YoULIRIYDIFINUS N1581989uUs nseiaaeuiieuly

<. Maseianduaumaiald

«. aulay (condition) if , else , elif wavieuludeu nested if

@o. N37ugU while oy

00. M3TAAs break Litepanaingy

ob. \nsaas1adeya dad (List)
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oo FTUUFIUtaYaasEUUIANITIUtaYa

B.o.0 srUUFIUYYA (Database)

szuugudeya (Database) luanumngedienineg wuieds ffusiusiy
Yoyafidauduiusiu feyaiifvdufssdoyadiunivesdoyarenuaiifiog lu
Arunefinguueaniana (table)  fiinruduiusiiisadedubendeatu fe g1udeys
srudeyadidfuinnniinmsnusindeyaifanuduiusiulisedudoyafidumusfuiiin
srufudssinlaseainalifdria (access) Idegrnnig dmisiviligiudoyamioniinig
saffures text files Ao fnrusnifilunmsihdeyasennngudeyalideosdumdeyais
gudeyaniolu physical file Lilomdeyaiidesnsuazniw sQL Alddnsimuadels
mudesmsidamsgudoyarimiiizendeyafinsefuieuluiidmualy

Bl 5TUUIANIFIUdRYA

JEUUTANISgIUTRYA (Database Management System) w3aisandn AdLN
woat (0BMS) Wungulusunsuiimihidusnnanslussuunsesyninsdldfugrudoya ile
fannsuazAruAuAlINgNHeY AN IdEU wazAuduRuFTEvinedoyaniieg nely
guteya dehsnszuuuiiudoyafivinfudrdasduniidvedusunsumes lunsinde
ﬁ’u%a;gaiugflu%;ﬂahj’jwzﬁasJﬂwﬂﬁi’fﬁwél’ﬂuﬂajmﬁLéwLLaa (Data Manipulation Language :
DML) %3® fnuoa (Data Definition Language : DDL) #393gAlelusunsumnge mﬂﬁwﬁam%’
nsvviiudeyavzgnitidutiniuda (Compile) 1un1sujufnis (Operation) #i1aq aneld

Adanue) et lunssirduiideyanielugudeyadely dmsunisvitnusineg anglud

Tibueanimhiwlarmasludulfifinisaeg Audeyatulszneudedunsuifinis

a

oo Anudiuglunisissuy
..o 81 PHP
Tunisiaunfusenndiadu §imunlaldnivn PHP (Hypertext
Preprocessor) @udunuiilgseasulaunfiaviu (Dynamic Web) tnavinisuszaianasiu
Wives wazvihanuludnvazlszalananiazussyin (Interpreter) danuannsalunisinme
s1udieya wazshmsdsteyaignusvananaunuaninanivusees uazdnuaz iy Ao
71w PHP annsasiesieiuuinissne vesiuwesdarumslusinnea SOAP Tnevinsiiy
lauludiuesiuwesiadoin nwn PHP fanuanansalumsvihauldvanvaneguiuy
Ao viauldFunanesszuuyfoAnig uagldausiudu Apache  Web  Server fildlu
UV TRMS Unix SsardudfiBoutunannsoiilldnudussuuujiansld uazds
A0190RRBNU Socket lé’%ﬂéf’aawﬁuﬁé’ﬁmﬁahjﬁﬂmmL%aqamﬁwé LAZAILITONMUI
lngly Text Edit 1ReuyNUTELAN

b.elloe XAMPP
TUsuAsuAIeIUUAU (Web  Applications) s1ludesefuiainsutuig
(Web  Server) Xampp datdulusunsudrana@siinosvianidawuuuiining Usenaunie
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Apache fivihmtairandui@sniies Aumseudu MySQL , phpMyAdmin Fadulusunsu
Jamsguteyauazniw PHP weldlunsisulusunsy
awsuvedlusunsuil Aelditiensiaasudeianaialunsaduuudnluda nddgy

o
=

AagnesnLuuNYNUKUY Portable (asnsadnaenlulinviimiledninsesduldazain) &
WulUsunsuiugiuiisessunisvingu CMS (Content  Management  Systemn) tJugn

q
(v

TUsunsudmsueenwuusivleaiilasuaitudeuludagdu Xampp faaru1sasessu
5eUUUURN1S Windows, Msc OS X, Linux wag Solaris 8neae

B XAMPP Control Panel v3.2.2 [ Compiled: Nov 12th 2015 ] . O X
XAMPP Control Panel v3.2.2
Modules
Netstat
Service  Module PID(s) Port(s) Actions @ Netstal
Apache Start A Config Logs N shel
MysaL Start Ad Config Logs Explorer
FileZilla Start Ad Config Logs F. Services
Mercury Start Adn Config Logs & Help
Tomcat Start Admir Config Logs [l Qut

[main] there will be a security dialogue or things will break! So think A
[main] about running this application with administrator rights!
[main] XAMPP Installation Directory: "c:\xampp\"
[main] Checking for prerequisites
2 [main] All prerequisites found
[main] Initializing Modules
[main] Starting Check-Timer
[main] Control Panel Ready

AN - 1190 Xampp

b.ev.n Apache

1%
v

Apache Wuldsunsuiivmihiidiu Web Server Aasastves Apache Tl

o. Apache iugerlfasziamasninesfiegludnuaizes Open Source 7
Weluyaailuanansaidhsuiamnaiusing ves Apache 16

©. mmmﬁué’fuéf’;qﬂﬂaimm%‘smi%ﬁaﬁ%’u (mod_auth,  mod access,
mod_ssl kag mod_rewrite)

o, asaasnasesneuiuaesidududinnesld

<. @1N3alAUIN15Ane Memuuing

w.o. §Iudaya MySQL

grudeyaiililunisiamun MysQL WudeyauuuTomusesa fldfumnuien
Tunsldanugeanlusunsimisuuiaiedliuins danuannsalunsiansiugudoyase
191 SQL (Structures  Query  Language) 8g19iUseansnnilnnusiasalunisvinau
sesfumeianuainglivatsau Tnenihfinnuasnsaaznisiauvedusunsy MySQL
forfuszuudnnsgrudonaiiiiu (0BMS) dnwazidulassairweanisiiudoya nsfiaz
WisiFdda videUszananateyadiivlugiuteyadniuazdesoduszuudanmsgiuteya
Feagsimih i usanardunisianisiudoualugiudeyaisdniunsldsuany uas
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5995UNIIMIUTBLENNALATUALY Ndesnisldiudeyalugiuteya wWelilasuainy
agantunsdanisivdeyadnuinain

b.e.& phpMyAdmin

phpMyAdmin Aelusunsudanisgiudeya MySQL Wuiulesd gesalanues
phpMyAdmin Idgaineunslidulusunsumes PHP Mlunasnaugfibudubouslmilag
Wisuiailousinansiidussninagldauiugiudona MySQL Aiamnunann PHP  exlsi
Aeardesfunsianisgiudeya Mysl  anunsaldlaeriumtaeiusdiwes sinlulal
Fududesandiuazldaruddsiieg Wgsen sinlknsafranenndindugiudoyauvy
sumediinnaroifuFositliigaenesnsold Weiluenain phpMyAdmin azluesalaniia
UszAnsamseduniandsadaliiniauianunsai luiaundeiofiuainuaunsalsiuin
Serulasnde Auansnves phpMyAdmin V‘i’mﬁﬁﬁL‘fJum?mﬁasd’Jsﬁ’ﬁmsgmsﬁaga
annsevihauld fadl

- @5"9uazav Database

- @519uazdAnIg Table WU unsn au wnly

- anuing g luiiuuudoyalumsals

- waagu (Query) sheds sQL

o.c 1waslwalnas (Servo Motor)

Wuweesiiiniseiuaunisiadeuiivessiu (State) lid1eziduszor Ananss yuns
vy Lagldnsarvauuuutoundy (Feedback  control)  1Jugunsalfianunsaniun
\3nsdnana viessuunmaieutug Thiulumuanudeants wu aauauamL
(Speed), mUANLSITA (Torque), MIUANUTIHWIS (Position), TzozmslunisiAdoud
(vyu) (Position Control) vesmelnosle Gaoimesiluliannsanualudnyuzau
Dowiuld Tnelnadwsnuanudiosnsfifieniuusiugigeuuiages Servo Motor azdiing
Tumsuenuurauiag (Watt) Servo Motor ¥8¢Panasonic 9zULIARIUA EoW-a&kWiin
Tgldnuiianuvanvanglumsldanu

b.c.0 Usznnuaagaslinanas

Tngthasdifiiguaziefioesls luiniesdnsguidiqisnagnudr DC Sevo
Motor finsléiaiesdinsnagnanvnssusnnndy AC Servo Motor Lil8daIn92afisLanns
PIUALNTEUANTEUARINHUAEFodld SCRs udtlagtunsudawmesldtauTnauannsol
dinrensuaganarldauiienuildgeqiu Joildssuuamuaumaeduarssuumeslalagn
tharldnuannty Fsanansausndssnnveagestaldwsi

o. UaimasylinfiduUsedy

woshuemesuinifianmesazfuusimingns dulanosdsldusadn

uazmeuimosFenszuainguaaIne e wilsufuituemesvily
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. Wwaslwawmasuiadlifiulseau
woslwewneslunguiiuseneudef@igasla (DC Brushless Servo Taines
¥deudivananas) edfwesla (AC Servo) Failauuuddlasiawesls sxddasiawesls
mstdusedunamessnliiniussuuiundeuselnewes uwes awilareilnewmes

.o lassaivaagailiuamas

Fodrinetnmilavesszuumuauisesh Aronsldeuadeady
WUy Closed loop witiu mslduszuumumusesliliaunsaidonauauduiuy Open
loop lémiloufussuuduindewad (AC Drives) MINDUALBITEITTUULRIL LU SRS
wssdn wagdumisiienuay aliifuldmuinguszasdmnlaifidyanadounduludg
Fuindeuyosly

msmuaumsvhaulussuuiigunsaiieunduvideidulfames (Encoder) vy
funumenuddyegrsbaatouiuiduvesgiusiafioniivindetunasiulails Tung
Uit simeslnameiuanbuldames gneeniuuiasnanaiistumngiuludnumsdu
WAL (Package @441 Encoder Anogfiidunevawaines

= Vamasme vouace
REATIVE TO TvE ANt

- Ivtrcanrzo H-Braoce

AN lo-o LASIASI Servo moter

Gearheads = WHsdmsuananudiseusiiaviunsedn
Shafts = INa1UDILBLADS

Flanges = nihudaudmsuinsaieinas

Feed back = gunsUaunduvise encoder

1%
L

Connectorization = Ydea18linuaLnes wardfaaed sy Encoder
Breakes = YALUIN

1598519908 AC servo Motor dzadefunewmas m a9 1U ez
Usznausiy bdudiddey Ao awmmeduazlsmes lavammesezUsynoudiewnain o
g0 wnmnnieluagsteiduuuuams (Star wie WYE) weeilaneseuniitadeanediuuen m
i Railmseaszegauly) diulswesviiiieudindnanis (Permanent Magnet) laid
ypaai lifineuiiwmes warlifiuusadu (Brushless)
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Tnssadsiilsifuamaiulinasudseiu azvhliussdvBnmuesmamaiagsty
Lifinmsgadeluvnaiamesuns Lidesigednwiiosanuussdu liauszmelvidesann
mMs3ssnszuannuUssukuneuiameslufwnaamesuasiiiusglusilaines

dmsutaniianadausindnansiasunndeiuly Tastuesgfumaiuas
weluladvosisninantug Seddudviafisangnivu wsndin (nelsd) audsnslitand
FIANgeE1TU gusey lavead wie dloladen Judu (Jagduefiweslwewmesdiu
Tngjazld¥agarsusimdnuuy dleladlen Wesanfinuautanuduwingn uazain
wanzau3esmAn1 WelSeuifisudutagasusimdnuuudug

PUREA NS

Energy Product (MGOe) 3

Magnet Type

@ Ceramic

B Anico

B Samarium Cobalt

W Neodymium Iron Boron

MW - JARTIINNNETIWIIANATIS

o.c.a UANNISINUVBIYRSIINDINDS

msvhauvegeiluemeiviaivadrefunsiauresddasiaenes «
wla nandeilefinsmunulireulnsamefionssualiiniludwaaiaiiamnes unu
ianvosanesaznataidunsmanlalih uaznyuledeuiisnenS MUY UmLAINE
FaSund1 Anusrdalasifa (synchronous speed) 3RS EUNLLLIMANYYY Uz LA
THlsnesdadundindnasmuedeufiniy andnuazlassainiavesisinesuaz ndnnis
aufindeutuddasvavewmesduiunemesuvued uilifiusediu Brushless) luiiid
neudumesines swihlfuemesainiifedonuuuandisiuesnly wu Sonviudweiin
Permanent Magnet Synchronous Motor(PMSM) @eunefiadslasifaueimesiilaifuusednu
Hefideninetiveslanewmes (AC Servo motor) WaethafiSunduseeqin AC Brushless
%50 Brushless Motor \Judu

o.c. a9aUsEnaulun1syieuveaasiauamas
A5YNULNEIRT Servo Motor wilgaagnameitulianunsavinanuls nnsnae
91 Servo Motor agmIuANENYMETINa 1IN TFutuReliasAlsEnaudsil
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0. ADUINTALADS (Controller)
wdnnvhaundng wi1fves Controller Ao fnthisudsngldany
$1dean sl Servo Motor Hupdeuiideanusuitlusuagssezms Tﬂamaiﬂal,miwu
nthiinssaiandu Controller axdushrmualiifusi Servo Moter
. 19a312lnsNI85 (Servo Driver)
wiinfives Servo Driver fa 9z5udyayiauanann Controller wazdanis
s Servo Motor ipdeufinudl Controller &snnsun wavinla Controller laidsnns
AuAKlUTl Servo Motor Tnenss flasa1n Servo Driver asifushiiufudarivassh Servo
Motor Tivhaumusuwuuvasnmsauauliii asdunisaiuau Ausi(Speed Control)
ussln(Toucque) waz Munus(Position Control) #2 Servo Driver agilu fannunafa
wlsuSen1s1dmasane iduda Sevo  Motor  Tiinauldegnagnsiouaswiiugn
wsariuileld Servo Motor fazdiosdl Servo Driver 1aue
a. 1waslwamas (Servo Motor)
vihveawesliueimes fe Tuindeugunsaiveaniasdninaviessuuves
mMsviautug Thdulumuguuudl 1a5umdseind Servo Driver wieufudsdayayios
Houndulius Servo Driver d9meudl Servo Motor indeuiisne anudavinlusuas
szogyslunsindeuiitiuszogmanininsuda Modyyrinmessn Encoder flagniglush
Servo Motor vilvimsiadeuiivas Servo Motor tiufianuusiugigs

lb.« Matrix Keypad

@x& Matrix Membrane Keypad Aagalugatunansdniagy dmsu input deyanie
doumddlugilulasneulnsaians 1w vasa Raspbery Pi, Arduino snzdwiugdideanis
F19asfifinng Input M99 LU 2995TULE, NFENIIARIY wazdugBnuinung

AT o-cle @x& Matrix Membrane Keypad

.00 BLEAAING LCD (Liquid Crystal Display)

LCD %39 Liquid Crystal Display A8RUIOLAAINARIONYT Gl’JLaSU%i’eJ@ﬂ‘UiuWN‘]
(Character LCD) iaumwsuwmmmLLammwmwwmlmma (Graphic LCD)a® LCD u
mLﬂummmmmwmmmummmamammumm Lwaimlﬂﬁzmuamﬁawamﬂumu wila
fursasdidnnsedindiun 1# Blue LCD ooXo90 LCD WU Character LCD 813150AAINE
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fan fdnwsuay Snausevelaiaamneineld ooXe neds uanwalizean  usITn
UsTTiRaY oo fadnusiiundeas (Blaklisht) dtntuaninsausuanuduveminasldses
funu Ml deuldnuiululasaeulnsaass Ineianiy vesa Arduio e Raspbery
Pi MsseagansanUaliliu o wuundne fe

o. Parallel Interface Tdaeluagnaloy oo L&Y

. loC interface Tdanglusegnetioy « 1&u

2N - 98 LCD

.09 PWM (Pulse Width Modulation)
Pulse width modulation (PWM) fg nATiadmsuAIUANIRTNIIAUESALITnglY
Fyaauevmawuuidneavedlilaslusiwaigesaiuny
B.00.0 N3AIUANAMILTINBMESTAETY PWM (Pulse Width Modulation)
Pulse width modulation (PWM) aganansaniuaniwnglunisdnensyuals
M3 on way off ludnausag fudeanudiivuneaufazyili motor u;guﬁmm%whm
fAumuefioin sl fanudaily motor Agnyunuunszgng lilFeu uay 9199gléBu
o9 91nNTEUTRS INAIANBILAT F1ANNDGINT wo kHz warAaglallifudesunaindudn
sioly detorivas PWM sl
0. PWM fglunisduwmesinaiululasreulnsaiaes wag T weenving
FeyeyaufenlunismuauaIg,
b, PWM TUszansaim fio Power Supply azdneidsleifiudiv ON waz
OFF (FULL ON and FULL OFF)
o PWM vililéien nese uway anusigegauesuomes 1unsie Power
Supply azdnerasldifuiia ON wag OFF (FULL ON and FULL OFF) “ra= 1fug
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w000 N3lEIU PWM fiuvasaniuay

PWM agldndnnsiidsruuuidneade o - o feanudnis wiavdar i
Foyeyradas (o) adufiudannsi (o) Tnslfsveznaiveudazailndya sty iiold
ﬁ%a?iasuaqé’zgzymﬂy’mmaaﬂmL‘i‘flumﬁéfmmiﬁjum Lﬁuﬁﬂdqmﬁﬁiwzé’mmmqqLLazﬁw
wihiiu Aegldrdu b.e Tiad dliadygingeenind fgldauinnii e.e wasluiues
Wenfudliaduausiennii fagldaniadeesnit b.e et Arduino @xsasua
aundonld bee seiu e mnernuhmdyaa o Tadte & Tad fasuandidu o e
wee ludyuiineatiues lnsaunsaldndnygilasensd aunsaSeudsuanldiae

Tumstdau PWM agipsdenufideouindu PWM ity
©.06.6 ANMUFNNUSVBIE YU Pulse Width Modulation fiu Duty Cycle
dqyeuad Pulse Width Modulation (PWM) Aadgyeyiauuumiutiatndainug
AT LAt USUAUNINSUBIRagWI 099198171 ON lasenedasy Tnudnsndiusening
929178791 ON fumuesdygIad 158031 Duty Cycle anansamuiadlaaingunis

Duty Cycle (%) = @0o% x (AMuni1avesndulugas High / Mudaaia) (o)

YNFIDENLIU

=50.00Hz +Dutu(l)S8.0%

me S5.000ms ©40.0000s

AT - F19e19n15911 Duty Cycle 283 PWM (€0%)

3Ty 90 T=e/f 2lAN T = o/&o Hz
WUAT Duty Cycle (%) = @00% x [@o ms/(e/&o HZ)] = &% Ans
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AT o - <& F19813n1159% Duty Cycle 183 PWM (e&%)

3% 970 T=e/f 92l@9N T = e/xeo.o Hz
WA Duty Cycle (%) = @00% X [0i&o us/(e/aas. b Hz)] = /&% Ans

YOLT 1T 27
'L deyeyred +5, : : : :
—
~~~~~~~~~ swiuaaingy D=50%
o .
+5
a3 DA25%
wha e o Aegey el £ WU AR I
o >
1 munan +5 :
D= 100%§
0 : -
+5 :
D= 086
0 . » TIME

NN o-ao LaRINISLANERYQIM Duty Cycle U89 PWM

o.elo Color-projection histogram (CPH)

Salaunsud (color histogram) anansaldeBuredvesmmldusiandoyaidesiumisds
swaeliannsoldlunsunuinglunnléfivseansmmnndulasianglunudunisid
Tnglunnfideuaueisnissaulawmumuni (spatial domain) lunmdnluluduaziSen
A8n1969na1211 “Color-projection histogram” 38 CPH

3R CPH ansasidunsléfianng o - <o

Compare
consecutive

Separate Compute color

Color-projection

n bin spatial histogram Histogram

histogram

27 I8 — & TURDUNITATUINU color-projection histogram



32

913U o - & TunDU separate n bin spatial Aen1suvsiregsoendundugos n
nay, Fumou compute color histogram AensAuranalaunsudluusias bin wazgnvng
A® compare consecutive histogram ﬁamnﬂ%mﬁ&m%ﬁimLLﬂiwﬁangamﬁJuiuLwiag bin N
bin f0819Y89N15AUIN color-projection histogram mmsaaiéﬂumamimaawwﬁ %
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JUNDUNITANTUUY

TuunfiaSurenisiaurduruusuIAIseauvInlaslddulnasidnNoassnassiunu
walulagnsanwenviavinlagldwmaialunisuszaiananin lnedsieazdennadl

a0 JULUUSUIANTRDUYIN

sULuUTmnzandmiusimseanvIngidelsviinis@inwiangsia e-commerce Tu
Jagtu Wy vin1seesiasesdunarlsiusuodia traveloka, gsiadvgesulatiodie
Shopee, Lazada, @j’maw%azg%aﬁuﬁwasm BluePlay WU

o. fiteaminmsidduduasusmsiiazmnuazireaisnnliinasdunng app, wi
AU, uazgviganwseuuuIanIn (BluePlay)

. MstrseRuasavilalnglidedldtuan (cashless)

o, aunsndeuanuindTlunsddodudmiouinmsliviiosntondsiedlduins
aunsouiisnstunounisuimsvesdlifuimsesadaian

<. Walemalsipudanlfnuunanesuiloadreselédsiutu Wusu

1NN13ANYIRINE1INITeTdiuuiAntuntsasisnanesuvesdsuinseauvInlaell
s1wazBondall

o. fowndumsnsrntwarainlfudaniugadie Bluelay

. Flinenaliftussuarldudasanazuduazanaansandoudududi, vins
VIRRUAR WAIARLTABINTS

Tneadsudsmuamanainegiiilaniuas @ U wazvRtINANERNIUAILIA edoo
38 Sruusznn mo 1InTzninyszn o Alandy (Aasviiaveswn) feduazldiivan
NANARN o VINALTIANUTLIN 0.0m U FeuaunBdigldiosnsuantiifusan o v
flivesuanumiwarainiaisiuaulszana vo van sy

o, flFanssopuiazauiazuanduiuazuinisldiumaiivleidadldnul it
vilnsdnvidefiouazneniinmesiineduimesiin

< Wvesgsuinsannsaidalenaliiusuieriananafnidundiesiiussiald

17 o 3 .

oo Mslduudunaiuuasa raspberry pi
m.e.0 N5AB29AsUTUNANUUBSA Raspberry pi

N5 LEALARININT en-6



34

column :pin5 - pin§

row: pinl — pin4

=

fritzing

a i ) s I3 .
Afl m-e M3vrsasuiunaiuuesalilasneulnsaiass Raspberry pi

utunausznaumev (pin) N9AU & VITBINIUTEVIAD Pine 89 Ping AINAIAULSA

[

avvdsdyandudyaunines o M o Aetiulunisldauwn GPIO vas raspberry pi (9
JUN o0 - o Usznov) anunsnasulanmisnd e - o

+33v I -0 <5V
(SDA) GPIO 2 [« +5Vv
(SCL) GPIO 3 (s ] ) GND
(GPCLKO)GPIO 4  I7 J(s W  GPIO 14 (TXD)
GND (s )10} GPIO 15 (RXD)
GPIO 17 (1112} GPIO 18
GPIO 27 (12314} GND
GPIO 22 (151 ] GPIO 23
+33v 17 B1sI  GPIO 24
(Mos) GPI0 10 [1sJ(20) 8  GND
(MISO) GPIO 9 (212208 GPIO 25
(SCLK) GPIO 11 (23382438 GPIO 8 (CE0)
GND (253 M2s 3  GPIO 7 (CE1)
DN @) © JLES
GPI05 29 B(30)8 GND
GPIo6 31 I 320 GPIO 12
GPI013 a3z )8 GND
GPI019 (3B 08  GPIO 16
GPI026 37 R 3B GPIO 20
GND (35) 40} GPIO 21

AT & - o @5Uv1 GPIO w89 Raspberry pi



719199 & - o asUnssevIvesLlunaiuuesa raspberry pi

91 GPIO 91 data vasutluna
GPIObw& Pine
GPIOble Pinlo
GPIOwey Pinen
GPIOe= Pine
GPIOaey Pin&
GPIOa& Pino
GPIOe& Piney
GPIO& Pinz

m.el0 YAAIHS (Command set)
YRAAIENTUAIUANNITINNUTBT key pad a@1HNT0MARILFRINNTIN o - b

A15199 n - o YAFAFIFIINTUAIUANNTTYINNUYBS Key pad

line | A&

® import RPi.GPIO as GPIO

5] import time

o from padepi import rpi_gpio
&

& # #
>} KEYPAD = [

o ['e", "©", "a", "A"],

[~ ['e", "¢, "o", "B"],

[>N FEl o Tl g @]

®0 [, "o", "#", "D"]

oo | ]

o

om | COL PINS = [ow, o0&, 0c, ]
oc | ROW _PINS = [be, b, o, o]
olcd
e@o | factory = rpi_gpio.KeypadFactory()

o | keypad = factory.create keypad(keypad=KEYPAD, row_pins=ROW_PINS,
col_pins=COL_PINS)

ox | # printKey will be called each time a keypad button is pressed

o | keypad.registerkKeyPressHandler(printKey)

[

INAIS19 o - o dFUIEAEIlAeatl
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' '
o o =

UsTTInT 0, o Wnsnlidyamdminmeusniileionnun GPIO wazdnnismsld
U Key pad auanu

UsSTiAT 5 9 ee ad1emuUsetonssnuslriulaiug Key pad

VST om B9 o« MUUANSHEUISYWINIUBsn raspberry pi uae Key pad

UsIAT oo ad1efuUsnsdouse Key pad 91 GPIO

USTAT oo ad1eiuusdouidafiuainisna Key pad

USIIAT o @379N139TIVTUMANITAINA Key pad

oo N5IE91URD LCD AUUDsA raspberry pi
m.e.0 N15ABITUIUNANUUDSA Raspberry pi
NNIRMATI UAAILARININT o — n

[~

2N o - e N13ADNATIOUAAIKEA LCD Auvesalulasnoulnsalass Raspberry pi

98 LCD 7HIuuUU b ussvin usazussviauantld oo f98nus lugausznausien
(pin) As3UN m - & lun1sldarueves raspberry pi fiunisuansrauuae LCD Tuaudfedld
9MUKUU & bit mode @11150a3UlARIN5199 o0 — o



RS (Register Select)
RW (ReadMWrite)

E (Enable)
Backlight Cathode

Backlight Anode

)
S
8
o
A
0
g

VDD (5V)

VE (Contrast)
Do

D1

D2

D3

D4

D5

D6

D7

PN o - & nihAvvetluga LCD
A1379% &0 - e AFUNN36RVIVRI90 LCD Auuesn raspberry pi

41 GPIO 91 data vauluna
GPIOwe RS
GPIOwo EN
GPIOe» D&
GPlIOex D&
GPIO@e Do
GPIO» Dey

m.e.l0 YAA1HS (Command set)
YAAFIFINTUAIUANNIITVINNIUYDI98 LCD aunsnuandlanannsneil m - «

M3 o - & YAAFIEINTUAIUANNITINIUYDIRD LCD

line | Fds

® import RPi.GPIO as GPIO

5] import time

on from padepi import rpi_gpio

(cd

& # #

D KEYPAD = [

o ['@", "©", "o, "A"],

= ['e", "&", "o", "B"],

[ o', "&", "&", "C"],

®0 [ "o, "HiDY)

o | ]

ol

@6 COL _PINS = [ow, 0¢, o, ] # BCM numbering
o« | ROW PINS = [boe,bb,be,ec] # BCM numbering
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factory = rpi_gpio.KeypadFactory()
keypad = factory.create_keypad(keypad=KEYPAD, row pins=ROW_PINS,
col_pins=COL_PINS)

def printKey(key):
lcd_byte(ord(key),LCD_CHR)

# printKey will be called each time a keypad button is pressed
keypad.registerKeyPressHandler(printKey)

# Define GPIO to LCD mapping
LCD_RS = be

LCD_E = oo

LCD De = oo

LCD D¢ = o

LCD Do = o

LCD D&y = o

# Define LCD parameters

LCD WIDTH = @ # Maximum characters per line
LCD CHR = True

LCD _CMD = False

LCD LINE @ = oxwo # LCD RAM address for the @st line
LCD_LINE = oxCo # LCD RAM address for the ond line

# Timing constants
E PULSE = o.coo&
E DELAY = o.000&

# #
def main():

# Main program block

global pm

global system_sts

GPIO.setwarnings(False)
GPIO.setmode(GPIO.BCM) # Use BCM GPIO numbers
GPIO.Setup(LCD_E, GPIO.OUT) #E
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®00

®006)

GPIO.setup(LCD_RS, GPIO.OUT) # RS

GPIO.setup(LCD_De&, GPIO.OUT) # DB&
GPIO.setup(LCD_D¢, GPIO.OUT) # DB&
GPIO.setup(LCD_ D, GPIO.OUT) # DBo
GPIO.setup(LCD_De, GPIO.OUT) # DBe

# Initialise display

led_init()

lcd_byte(oxoe, LCD_CMD)

led string("  Welcome",LCD_LINE o)
lcd_byte(oxCo, LCD_CMD)

while True:

time.sleep(e)

# #

def led_init():
# Initialise display
lcd_byte(oxeen,LCD_CMD) # e@e@ocoee Initialise
lcd_byte(oxelo,LCD_CMD) # e@e@ocoeo Initialise
lcd_byte(oxo,LCD_CMD) # oooeeo Cursor move direction
lcd_byte(oxoC,LCD_CMD) # coeeoo Display On,Cursor Off, Blink Off
lcd_byte(oxlom,LCD_CMD) # @oce@ooo Data length, number of lines, font size
lcd_byte(oxoe,LCD CMD) # oooooe Clear display
time.sleep(E_DELAY)

# #
def lcd_byte(bits, mode):

# Send byte to data pins

# bits = data

# mode = True for character

# False for command

GPIO.output(LCD_RS, mode) # RS

# High bits
GPIO.output(LCD D, False
GPIO.output(LCD D¢, False
GPIO.output(LCD Do, False
GPIO.output(LCD Dey, False
if bits&oxeo==ox@o:

GPIO.output(LCD De, True)
if bits&oxwo==oxo:

GPIO.output(LCD_De&, True)
if bits&oxe&o==ox&o:

)
)
)
)
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®0b
@om
®0&
®0&
®0D
glely)]
®0w
[glelaN
®®0
®66
oYolu]
®66m
ololcd
ool
9loks)
®e6
olol
[QlolaN
®®o
obe
ebl
®bm
ebc
eb&
ebb
el
b
eba

®eno

en
®enen
ene
ene
®nD
eme)
ol
e
&0
OC&e
ocl®
eam
[gledcd
olcdcd

GPIO.output(LCD Dy, True)
if bits&oxmso==oxzo:
GPIO.output(LCD Dey, True)

# Toggle 'Enable’ pin
lcd_toggle enable()

# Low bits
GPIO.output(LCD De, False)
GPIO.output(LCD D¢, False)
GPIO.output(LCD D, False)
GPIO.output(LCD_Dey, False)
if bits&oxoe==oxoe:
GPIO.output(LCD _De, True)
if bits&oxob==oxob:
GPIO.output(LCD D¢, True)
if bits&oxo@==oxoe:
GPIO.output(LCD D, True)
if bits&oxom==oxow:
GPIO.output(LCD Dey, True)

# Toggle 'Enable’ pin
lcd_toggle _enable()

# #

def lcd_toggle enable():
# Toggle enable
time.sleep(E_DELAY)
GPIO.output(LCD _E, True)
time.sleep(E_PULSE)
GPIO.output(LCD _E, False)
time.sleep(E_DELAY)

def lcd_ stringlmessage,line):
# Send string to display

message = message.ljust(LCD_WIDTH," ")

lcd_byte(line, LCD_CMD)

for iin range(LCD_WIDTH):
lcd_byte(ord(messagelil),LCD_CHR)
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olcto)
gty
glat~}
glalay
®co
oce
odlo
®c&m
olc(cd
olc(cd
oD

# #

if name ==' main_"

try:
main()

except Keyboardinterrupt:
pass

finally:
lcd_byte(oxo®, LCD_CMD)
lcd_string("Goodbye!",LCD_LINE @)
GPIO.cleanup()

PN o — & sBUeAndslaEl

USIAT ow B9 e ad19fudsienunves LCD

USSRl &l 83 bl MviunaauzuTisieiu LCD v output

USIT0T oca 89 o&s MWdWMTusENINA key pad mﬂriﬂ%l,l,agdaﬁaé’ﬂmﬁﬂmiﬂ

wansfiae LCD
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< C  ® Notsecure | 185.27.134.10/db_structure.php?db=feton_24189098_bottle_sell&token=266f576b068383610685992e85eceeac * BPpm O :
! Apps -f TRAINCASCADEAN.. @ Tutorial: OpenCVh.. [ Vehicle Detection, T.. %, OpenCV:Introducti.. [l Haar-feature Objec. c++-Howdoesth.. @ Adam Harvey Explai... » Other bookmarks
7sqi313 freehostin th » @ feton_24189098_bottle_sell
W Structure [ SQL 4 Search Query (e Export =} Import  J* Operations ¢ Routines

Table .  Action Rows @ Type Collation Size Overhead

bottles =] Browse {4 Structure % Search < Insert §@ Empty @ Drop © MyISAM latin_swedish_ci 1 kie -

collections | | Browse J Structure ¢ Search 3¢ Insert § Empty @ Drop e MyISAM latin1_swedish_ci 1 xie

personal [ Browse (4 Structure & Search 3: Insert § Empty @ Drop 1 MyISAM utf8_general_ci 2 kit

3tables  Sum 1 MylSAM latin1_swedish_ci 4 xie o8
1 Check All/ Uncheck All With selected:

AN @ - b Feg 19U phpmyadmin

[V
Yo a

PNANHA o — o a@ﬂLLU‘UG]'ﬁNj'WU?QJ}@HﬁbL’JVNﬁU o Gl’]i']\‘liﬁ']EJﬁuL@EJﬂﬂﬂﬂ’]WVI on — ¢l

1 bid in‘téﬁ) No None & Change @ Drop -] Browse distinct values > Primary |4 Unique {Z]Index [ Spatial [ Fulltext
2 size  int(11) No None & Change @ Drop | | Browse distinct values > Primary |y Unique .=]Index [ Spatial ¥ Fulltext
3 weight int(11) No None & Change @ Drop [-] Browse distinct values /> Primary [y Unique {Z]Index [ Spatial |7 Fulltext
4 brand int(11) No None & Change @ Drop | | Browse distinct values > Primary |y Unique .=]Index [ Spatial 7| Fulltext

(n)

# Name Type Collation Attributes Null Default Extra Action

1 pid int(11) No None & Change @ Drop [7] Browse distinct values ® Primary [y Unique [&]Index [ Spatial [ Fulltext
2 name text latin1_swedish_ci No None &’ Change @ Drop | | Browse distinct values . Primary |y Unique #]Index [% Spatial 7| Fulltext
3 remark text latin1_swedish_ci No None & Change @ Drop [] Browse distinct values  Primary [y Unique f&]Index [ Spatial [ Fulltext

(¥)

1 cid int(11) No None & Change @ Drop (] Browse distinct values /> Primary (@ Unique (=] Index [ Spatial [J] Fulltext
2 pid int(11) No None o Change @ Drop | | Browse distinct values > Primary |y Unique =]Index [ Spatial |7/ Fulltext
3 bid  int(11) No None & Change @ Drop (] Browse distinct values /> Primary (@ Unique (] Index [ Spatial [g] Fulltext
4 time int(11) No None «” Change @ Drop || Browse distinct values > Primary |y Unique =]Index [ Spatial |7 Fulltext

(A)
Ml & - o RazBEAnITIRAUTEYE () A19719 bottles Wiudayavan (1) M13579 personal
iveyadld () n1319 collections iudeyansuievin

a.¢ NM3Ian1stayarlduasdayanisvie

Tuduiuimsvhaldidu o dw fe o. madansdeyadld wes . n1sdanistoya
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o. M3dnmsteyadld ddfendfdldnnaeufiunesviolnsdusidoto wurhlils
Chrome) anansasnsaesuIeMshauwenfdswng Flowchart fan1wdl o - o
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71 sql313.freehostin.th » @ feton_24189098_bottle_sell » [ personal

[Z] Browse = Structure [ SQL = 4 Search = ¥t Insert [« Export ==} Import J” Operations

SELECT *

LIMITO , 30

Show: Statrow |0 7\ Number ofrows: |30 | Headers every 100 | rows

Sort by key: | None O]

+ Options
ST v pid name remark

1| ¢ Edit 3¢ Copy @ Delete 0 kairoek choeychuen k12345678
| ¢ Edit 3¢ Copy @ Delete  1|somsak sringam 0987654321s

t Check All / Uncheck All With selected: » Change @ Delete [ Export

Number of rows: | 30 j Headers every 100 ! rows

Show : Start row: ‘ 0

3 Query results operations ;

(& Print view & Print view (with full texts) [} Export gl Display chart [¥] Create view

2NN @ - o Megatouarlvlugiuteya personal
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gudayavandiiunmsiiuniiu phpmyadmin wuukauwalagyinisdahmin

VIAMIBLATOITIUMUNAINBARITUN & - o wazdeg e toyaluguToyauanIisUl & - «

g
2

Ml & - e FuhunvadeatiRdneanswiudeyadigiudeya

[71sql313.freehostin.th » @ feton_24189098 bottle_sell » [ bottles

[Z] Browse = 4 Structure =[] SQL = 4 Search ¥t Insert [« Export =} Import  #” Operations

SELECT *
FROM "Dbottles
LIMITO 30

Show: Startrow: |0 Number of rows: | 30 Headers every | 100 rows

+ Options
—T— v bid size weight brand

0 & Edit i Copy @ Delete 11500 28 nestle |
() & Edit ¥ Copy @ Delete 2| 1500 32| erystal |
() & Edit 3¢ Copy @ Delete 3|1500 31| namtip |
] / Edit & Copy @ Delete 4| 1500‘ 28 singha |

1 Check All/ Uncheck All With selected: ” Change @ Delete [&@ Export

Show : Startrow: |0 ] Number of rows: Headers every _1—00— ([ rows

L AN . Y J W
| Query results operations ’—~

(& Printview &) Print view (with full texts) & Export gy Display chart [5] Create view

M & - & fegedeyagldlugiudeya bottle
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[7sq1313 freehost.in th » @ feton_24189098_bottle_sell » [ collections

|| Browse W Structure [ SQL 4 Search ¥¢ Insert [« Export |=} Import J” Operations

SELECT "
FROM "collections’
LIMITO, 30

Show: Startrow: |0 ‘ Number of rows: | 30 ’ Headers every ‘100 l rows

+ Options
il a4 i
0 & Edit 3 Copy @ Delete 1, 1 3 7/8/19-14.03
‘ () o Edit % Copy @ Delete 2| 1! 157/8/19-14.21'
) & Edit 3¢ Copy @ Delete 3| 1 337/8/19-14.45
‘ 0 & Edit 3¢ Copy @ Delete 4| 1| 2|7/8/19-14.51

O & Edit 3éCopy @Delete 5| 1| 3 7/8/19-1459

1 Check All / Uncheck All With selected: 7 Change @ Delete [i&d Export

} Show : Start row: D Number of rows: ‘30 Headers every ‘100 rows

) ; |
‘—{ Query results operations |
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