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ABSTRACT

This thesis presents the design and implementation of a program for the
prototype of a silo system and a raw material transportation system. The study can
be divided into 2 major parts which are the program part for the prototype of the
silo system and the raw material transportation part.

The program for the prototype of the silo system is developed by Microsoft
visual c#. The Graphical User Interfaces (GUIs) of the developed program allow users
to specify the desired weights and batches of raw materials. Moreover the program
computes and commands the transportation system automatically. In addition the
program can record production data in a database for further inspection.

The transportation system composes of trucks for transporting raw materials
and communication modules for communicating with a microcontroller. The trucks
are controlled by the microcontroller with PID control theory. The communication
modules employ Zigbee technology for communicating between the truck and raw
material dispensing system and between each truck.

The experimental results show that the developed program for the silo
system can receive the commands of the number of weight and the set number of
raw material required. The transportation system can transfer raw material to the
target correctly. And each truck can plan a route and crashing avoidance between
each truck.
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InMIAMUAAUNR (Exception handling) poninmsuiniuesnuuuiitelinswa
gaviurfineiu siaditunazandeiuniuiy
Lulasgevvidmadunu annsaadrgiudeyalalayorfouewwiladu OLEDB (Object
Linking and Embedding Database) %38 SQL server (Structured Query Language) gl
ANENIalUAA LI wainslY SOL server Fududnsdilasnnes (Oriver) neuthiuldly
msmmmanu‘[ﬂmniumuﬂauama 9 wauzil OLEDB annsadadefiulusunsugiudeya
wumu Ly ln‘l'.ﬂwawvnuaﬂwa (MS access) uaz lulasgavviiariaa (MS excel) ‘l@'ﬂﬂmma
Tassrilsadenlduenwaindu OLEDB iitediesansviay
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Tuﬁ'ﬁa‘ﬁnﬁﬂﬁqmit‘ﬁ‘amiaﬁ'uqﬂnsnimauanﬁ'l*ﬁ'luiﬂm'lu Usznausie 4 dw Ao
lulasnsulnsaiaed nsdeansuuueynsu madoudenaineynsinnnssu RS-232 uax
88150 (UART) 310asi8umsing q annsoesuidlamai

2.2.1 lulasnaulnsaaes

Tulassuiliausuiufiasdoddnsussnanauuuiiaiass Real time) Wiz
Wunshauideafunsfnasenmeedamaniosaseiio mnUszulanaatn
Wil asilinansuaussedauzduianainluaniigenis Tadeddmineyssuianaii
pmudage Wlassuiifadenldlilnsneulnsaines ARM STM32F103RETS Flaguit 2.1 B
\umieuszianauuy 32 9n Tussena Cortex” -M3 vaau3sh andu saia fimbhodousie
wasmbeiliduiiawiemedmivaudanislulaseui

7Uit 2.1 lulasmeulnsaians ARM STM32F103RET6

AuaRues ARM STM32F103RET6

ARM STM32F103RET6 ilulasaeulnsataesiiiinnsuszunanadayauuy 32 On Fadl
yailuaruannselumsussinanatoyadyqrauuualneaiissnnlilasaevinsaiaesi
Tuga (Module) ﬁii’ﬁLflu'[umﬁ'l-&'muﬂnﬁuawﬁﬁmagjma'lmv’f') gniseay USB, SPI, I°C,
ADC, Timer/Counter, PMW, Capture uaz UART (Judw Jamnzunnaslaluntsnnassuay
Ussgndldnulunmavaeguuuy Salaseiredilasnoulvsaaosuandliiegud 2.2

amREmMunssvinana

® @iy 32 Un Cortex-M3 mm'mv‘l"m'luﬁwmmﬁﬁmmﬂmmﬁm@aqﬂ 72 Wwng-
Fivd Uszdvdnmeesnaniilun1svinau 1.25 DMIPS/MHz 1ihdsmiasanusilaleaeviui
Tsmsiaruuuaniaug uasmheusvunanandindans ansagaiay 32 a laluan 1
ledauniinn

e fimhsaruduuuunay 512 Mlalud uazaundnusu 64 Alalud
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3Uit 2.2 Tassathevadliilnsneulnsaiaes ARM STM32F103RET6

o Tidss 2.0 Thad &4 3.6 1aaw

e iluviddnglv VBAT dmiulugananninisdimeluinuazidamessnwmaiam

W v a < <l <t ac &
® TFN'J'Uﬂ'Iﬂ'Uﬂﬁﬂﬂﬂaaﬂaaﬁlﬂmil'iﬁ'.l'mﬂ 4 83 16 Wwnslasve

= ¢ - ¢ P o ) o
o finnnes-eauiida (POR) waznaes-a1mi5ida (PDR) fhsasnsiadulniFesuuy
lsunsulsl (PVD:  Programmable Voltage Detector) soiunisvinrululusntssudn
Waau 3 Inunafie Sleep, Stop waz Standby

€ a (3 (-1 o s @ [
® 'll'lﬂﬂ‘i(ﬂiiu?!m-l.ﬂ’mﬂﬁll.l.‘l.l'l_lﬂ‘]’ml.‘i'lizs'l 80 w1 s233UsTAULTIAU +5 Lad

® Mm3Atn seafunsAtnuuy Serial Wire Debug (SWD) way JTAG



® Tugauvasdygyrueurasniduidnea ausa 1 Wilasiund aovasides 12 da
U 3 ga Suuseiuld 0§ 3.6 Taad Theesduuazasszdudygia (Sample and hold)
2 9o uasiidnadugauualiegmeludn Wensisaeugamginmeluweasviny
® DMA fsmiuaumsidiimileninuslaensavie DMA controller 12 989 5995U
nvinuTeslniues, lugawlasdygrueuasniiuiinea, Tnmawaumaaﬂnimaunsuma
SPI, T:uﬂawaumai.,uuua ua"'[uﬂaaamwauaaunm UART
® lnwes 7 0
" lwei 16 Tn 4 ga sesiumeiulnueasiadudygiuduws (Input
Capture:  IC) nuaeewaUIeuiisy (Output Compare: OC) Tvuafiniia
deyayas PWM wazidiuiad dwdulnies M1 annsanuauTugadaeym
PWM 6 984 dimunfaa1ingm wazn1sveagnidula
" qavdaanluiiad (Watchdog timer) 2 ga wudasswasldgiunatiuiugu
BLRGH!
" Inwesudnvasszuu (Systick) Wusmuwuuasends 24 On
° Iu@aﬁamsﬁaqa 9 wuu
" lugafiasieszuutd 2 4n 5835V SMBus way PMBus
" Tugadeansdeyaaynsu UART 3 4a 5095unsviaa 107816, LIN kay IrDA
= Tugadensienunsaioynsuvie SPI 2 4 Amwiisa 18 Mbit/s
® Tugaideusiatia CAN uuu 2.08 Active
" lugaifausiawedn USB 2.0 wuuaruidaiud

2.2.2 msfamsuuvayny
{ (] < - " - L)
miﬁamiuuuaqn‘suumaamﬂu 2 uuu Ae nN1sdearsuuudslasia (Synchronous)
wazn1sdeasuvuesdalasia (Asynchronous)

2.2.2.1 msdeasuuudslasids

msawauauuu'udﬂsuaumsaqe'fryrg'nmmﬁmimnué’rymmauawmmmsamav
fu m‘smmmauuuumaqhawwanmaamauaa 3 W Ae anedygramnitng anedeyauazeans
519 tefvasnisdauui Ae mmsnmumumsaamu.a-'su'[nmuu‘lﬂwsaunuammﬂmaa
misdsdayassdadutaireiosiuly muazuﬂnummmmmaanuui‘iu‘tummaLUumanm
';Uw 2.3 uanswwiiemsaseyauuudalasia lnsdaludnfnsenuen q frfdsiaanisuia
tunduieyaidinguin 0 vie 1 Wewanwaamzing uledmnia3u §5uee Tusnauin
udriunauvestalmivludiid 8 on arsdstayauvudlastaiuszdniamuianitnsda
vayanvvazdilasiaunn uamﬂﬁlﬁmmmmﬁmaamaﬁam{lmnaumuum umiawaua
Sand1nuvesdalasita Lw'ﬂv‘luuumwr.ﬂw'ia'um'mwln‘l.ﬁﬂ-uqmmamwiu mammum
u'l'ltflﬂmummmimwmaa 1y msdiiayasenieiesneniunes
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»
Sender mmuonlnumnlnnu:m]numnlnnmamn]un Receiver

< v o
3UN 2.3 JUnuumsdadayanuudslasia

2.2.2.2 msdeansuvuasdslania

m‘sﬁlaaﬁﬁagauuuaz%a‘[ﬂsﬁa fs Miudatayaluaslaslisuiudsadianedyya
UIRA1IIUATE %‘mmnviwu'nnﬂ'ﬁ%'aa'ﬁiauauuua wRalastairesldaredaygrauinly
n'ri'iuua.,mafynpmmuanwuqLau dmiunsdeansdeyauuuezdslasia sxfvundyoyn
wiinnasukazapddiiiainiy mt'ianacgcu'lmmﬁmv‘ﬂ-ﬁ‘[umﬂsuuavmﬂaquﬂ
dnsinsatevendeya visveasw (Baudrate) fimiedulaseduni (Bit per second)
Uil 2.4 uansguwuuvastoyaililumsdemseynsunuuesialasia fdussneudeiy 4
du fe

DniSud (Start bit) lvwne 1 O

e Untyauwuvaynsy luuim 5, 6, 7 w3e 8 Un

o Tansandauniin (Parity bit) fvue 1 Daviseluifiile
o {ndugn (Stop bit) fvun 1 51 2 Tn

Agullaiaming
Somrss wiognEuduves
588 ‘-’"——’llﬁmimm/ Adnwslmi
YN L AT ]
dmdaty

3Uit 2.4 sUuuumsAsoyauuezddlaTa
vannvineuvesmsavdeyauvuesdalasialugudl 2.4 annsnasunelduneilis
Yayadaun ﬁ’ngzmm'luawifauamﬁaaﬁﬂﬂu “1”7  (High) L%'aﬂﬂmmﬂhﬂmuwum‘sa
(Waiting stage) miL‘mmuawauaLiumnluﬂ’cgcmm'luma-uaua:uaaan “0” (Low) MIE¥9
a1 O Bendaili dadudu mnuu%"awmlauﬁaan‘l.ﬂ TﬂﬂL‘iuawmumuua'mrum'mﬂ
(Least Sigmf cant Bit: LSB) nau ﬂumumutlmﬁtgmﬁﬂ (Most Significant Bit: MSB) wazmu
A8 UaN154 'l'umaﬂsmaaum'mnmwa'mwmm-uumnmiawaua Uﬂﬁuaﬂwawmﬂw
dyaluaedeyaiianuzasin “1” Bnads i.waﬂauwnqaﬂ'luswqma LLaﬂnﬁuqﬂ'uaga



2.2.3 mudleurewafnaynsnnTgIy RS-232

RS-232 681191 Recommended  Standard-232 \umnmsgiunisideusatayauuy
aynsu fiwmunlag EIA  (Electronics Industry  Association) w3eaunAugUsznaunis
gramnssudidnnseiindusteusm leiumsdeansuuuyasegn Tnsldanedeuse DB uuy
25 wax 9 Wi senuuun el ddsdayaynsuuuvesdslasia 2 firme Tnevuen RS-232
Iuseyndlddedayaseninnenfiumesivgunsalsenasing q masgiu Rs-232 dfmua
JUuuuresgUnsaiidfeusiadoya (Data Terminal Equipment: DTE) fusastayalatenig
(Data Circuit Terminating: DCT) 1éi1 aunsel DTE Aeaduguninififinisussuanatus
W ‘l.u'[ﬂsﬂauiwiaLaa-iﬁmmma%"lqﬂm{iauauuuaunmlﬁ dugunsal DCT iy
iesaiudeyaiidanain DTE  winfu Tﬂun1‘s's'uu.a.,awanai.,wmqﬂnmmammu
1AgI RS-232 Faneineynsavesnauiimedifldfuagiluaniiuwuy DTE diuneuiiin-
Lmaswaﬂnimnwuammﬁuuw DCT ms‘suaqamrg'umvmuuﬂmmuﬂmam‘hﬁlumu 50
W dwmsumsdedayanaiinnmis 19,200 dadedunit lususiinuenasavdesduain
v‘u’aanﬁﬁam'ﬁﬁﬂﬂuﬁ‘aqaiu Tnefisedudayaasous +3 Toad sufis +15 Taad dwiuasdn
“0” uazilsvduuseduil -3 Taadl qus -15 Tiasl dwmfuasin “1” Falidansmbiendne
T q siotivasdnnaldauldlnenss Fewunasiewdsussiuuseiunau Tneunildled
$awan Rs-232 (lauvasszfuusadu Wieglussduiiinea (TTL: Transistor-Transistor Logic)
lagaadn “0” Mniiuiiszaudyain +3 Taad fe +15 Taadt ssgnudaniu 0 Taad dwaedn
“1” amdnilssiudyga -3 Taad 8 -15 Taadt avgnuwdandu 5 Tan fuanduguil 2.5

v
y
(r)= (+15)
"y ot | donufyngn +3 R4 18y
a * b wphulggneiess RS-232
i o oy suoivcdngngrd <3 Aa- 15V
{-3v) - {-15¥)
+sv L A AA g L)
0 2 ® . = I | dudapniemas TTL

d o o ar « =) as
JUN 2.5 szavuseiudnyuuewainaynsy RS-232 iiguiu TTL

lugadfagiu \nSesnauiumesTineuldnuiunnie wiswmenfiuneduuunnwldvie
ldndn (Notebook) mimamn‘luuwaimauniu RS-232 e‘hmuwaumanuaﬂnsmmnmauaﬂ
muummamaunsmﬁ'l.ﬂawsumlaawaimmaau (USB) mmﬁaaﬂaumLmawmmamsaﬁu
ag wanduneingunsu RS-232 Lwa'l'm'uaumanuqﬂnimn’muan Fauandluzud 2.6



3Ui 2.6 gunsaluawmesn USB iuwesneynsu Rs-232

2.2.4 ganin

go13n viefilunFundt UART goanaindadn Universal Asynchronous Receiver
Transmitter o 1ﬁﬁsw‘{.um%'aaﬂauﬁamas‘ﬁv‘iwﬁwﬁ%’wa sastpyauuvesdilasia
'mLUumuuuq'lum'selaaﬁauﬂ'm wiihfindnves UART e mwmwuﬂawauawaﬂusﬂunu
-umumnﬂaummaﬂwag’luguLLuuaqﬂmuuuawﬂﬂwaummaan‘l‘d wazvimihiiuvas
dyaraeynsuuvvesdilastadtdeoudnands  UART Iifunuuauiuneuiiasdadn
mauiatmes uenain UART azdsdeyaludireniiameiuda duinisudeteyady q 'Lﬁ'
ﬂaummasmmmﬂ wiu Sananuiilunsivdedoya, jUnuunisdedoya, Anuiiawaiai
mm'uu'i.,m"mmimwam:aua (Aanarnnnwidn, wisudeya, letiasiu) ti‘lumu

aelu UART umu'uaﬂwiaﬁqa91‘51m'smemamauauuuiu‘mnm Tmen1sinvunen
saslifudyaniinives UART  favnsiliounn 16 On founmvualvegluga 10 -
65,535 a8 UART mmmwawaua‘lmmuuumawmwan-u (Half duplex) uazyaguwing
(Full - duplex) Tngnisdanvvanavguning L\‘.‘Jun'ﬁaqwumwmmm drunsduuuya
ﬂLwanwummmsuua“awaua'ls'ﬂuna'n.msnnu ¥iinvo3 UART 'T.umsmﬂanmma'sﬁlﬁ
waiﬂuaa 2 \wed HE] 8250 fu 16450 laeiuas 8250 LU UART mnsgiudilldiumn
877U UART Lua'imsuumwaimwsuwuavawauamuwuammnu vilinsiuuaznisas
ﬂauannmnmmmmaaw 57.6 Alatadeduriiintu ud UART westadeindusuuuu
849 UART ﬁ'l%’luaaummas lngaeufinmeinn 9 jussdssaiuayunsiusugiuuy
299 UART Wwasil Ausnuilauss Ao 16450 ;.rm'mmmsnsuaavana‘lmwmwm 115, 200
UanaIum uay musaamasﬂwmuwnﬂauaéw‘su UART uanantudafiuduvesdnisa-
MasUUU FJFO (First In First Out) vum 16 Tudinly vivlanunsaaduayuausalunis
'i‘UEN'UE]lJﬂVI 256 nIaumﬂmmﬁlﬂ lngraufinmaslutlaguuld UART weiivielminda wy
Wwes TL16C750 mmﬁ]amaiwu FIFO 9w 64 lun mrmlﬂwszﬂuu'imu +5Tan uay
+3 Tan dlvuausendandeanu a'im'in’i'ueh't’faga'[ﬁﬁmmﬁa 1 wnednseiuridely
dygauuing 16 wnsiding

msldiuliga UART - doaeulmass ccs  Iedawdsuilaiduduiagy (Build-in
function) T3lMSeusesud amnsasenldauieituldlasaunseldim UART Iy
griawrivIsuuugeWiuaiild Tnsuuvensaurimuneiionsldaudiluga UART wuaa’lu
lulasreulnsaiand mmmsnwmsuawauamumqaumassww‘lm druluugeWTiLI iy
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VNgiNsieenyiKls  91809msvieIuTes UART TJuin ‘l:jmmsn%'uuazefﬁmgaﬁwﬁ'ﬁ‘
Fuwadiwile

2.3 msanageingu
o v 4’ 1 =t Ilé o L 3 o 1 o = s = :
'lum'tlaunaﬂmﬂ:nugﬁqmLﬁumaq'l'ﬁ‘lum'swmmmumsmLﬂm’mqﬂuﬁiﬁu‘[ﬂﬂmu
Usznaude 4 @ Ae And (Zigbee) uaimaslwiinszuanse sandraiwuired (Optical
sensor) uazdmuelunguiiled sieasdonsng q awnsaasuigladal

2.3.1 @ni

30T Wumsgumseansuuulfansanadszanmils favuslae Ziggee Alliance
Tngiishamsiudedoyash liwdtnush siangn gaussasdidasiuileusrandldadhossuy
wTadreiuigesuuulians (Wireless sensor network) Bsszuuiianunsaviauilusunas
NaNLAL Nuuaa nudy wazaunsaiuldlasdowuaneiauadn (9 diu AA) 1y
seznaudienuiuniied wnnzalunsléanusunsfnnuwas q

Anddmuadwamldnunumnsgild 3 dummdde g 24 Annuding 3
Samnsudedayadl 250 kbps fidesdnyanal 16 01 usavtosedouuudion (Bandwidth)
Usvanal 5 wnsddnd, 81 915 winsding ﬁé’ﬂiwnﬁ%’udﬁagaﬁ 40 kbps Hrasdrynu
10 909 usinzyooWELUUMIATIUTEINM 2 WnziBsvd uavdu 868 wnudind Tdnsinis
%’ueiﬁay}aﬁ 20 kbps Hvasdtyaio 1 ve4 a'lm'muam‘lﬁ'ﬁqgﬂﬁ 2.7 (n)

IEEE 802 154
standard

(n) dhupnudlFuamanasgiu (@) Intiawes
= ] a =
JUN 2.7 wmsgrumsdeansing

Fnlun Physical layer wag MAC layer «o4 |[EEE 802.15.4 ﬂ!ui‘lumm_ipumi
AmuansAeansliasuuy WPAN (Wireless Personal Area Network) inviemilutatea il
ANt (2 awaidngn) MUl 27 (1) Wy Beswessziuiddyyia AMNMNTHause
msmuAumaitedaya mslesiu 1a lwawaidaluandu 802.15.4 snfuguuuures
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ZigBee higher layers (Fan1 wnsgrudnd iwesiuszneuluie wonndiadulusing
(Application Profile) flvuin1sinwaulaands (Security service provider) uaglasetig
(Network) fuandluguil 2.8

Apphcation

Device Object ,

Application Appscation Application
Obect |-~~~ Object Obect 5
o
N

Application Suppor!

Network Securily Senvce Provider
MAC *
-
Py g
e i "

< v ‘& a
3U# 2.8 lassaisvewinasvesdnd

mnﬁndnmﬂnﬁmuwna%’mﬂum?a-u'wiﬁlwswﬁmmsg’mmn [EEE 802.15.4 wawdl
nsdanislusuuvesdniluawesdaly vail IEEE  802.15.4 wisrlingUunsalluiaiatie
ganilu 2 Usvuam A RFD (Reduced Function Device) was FFD (Full Function Device)
Tas RFD munefisqunsalilanpamaunsas Faldmissanudriosndn msussnanaanag
uazldndssnlunsiniiumsnias RevlvAa RFD aunsoreiy FRD Iaiesiafioaminiily
wintguazhiamsanefiuesiu RFD 16 du FFD mnefegunsaitannsavieusuiu
inSetheuavaunsaldu 4 1% dosnisvine nsaa q winndn RFD (Wu miteaiush wdsey
ANENTAUTEINANS)

Fnduvalanuanumuen1siinu 3 wu fe

1. Coordinator fwihiiairenrsdoans iteulaneiesawszning End Device Au
Router %38 Coordinator AU Coordinator #efiu w3e Coordinator fiu Router Awua
uaansd (address) Wifugunsaliieglurandethelalidhiu quadesnisimvmnaidunig

2. End device \ugunsaluaremaan Faaldudnaanuwesivarons Tag
Tamdanuslunsyieny

3. Router imihiisu-dedioya Tudunissing  veuadote

e v a o

Y \ v = o < = a a <
® 9nsnsaiayail 3 53U A 250 kbps (MAUA 2.4 Annzidind) 40 kbps (7
o a ¢ < = af ¢
AUA 915 WNz5MY) uay 20 kbps (MAMUA 868 WnLEsMd)
® gaIMA: laa1nALuy Whip
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o szpmviimslusu: gegauszana 100 wns

® 538211NINAUN (WU line-of-sight): gegauszanal 1,500 wins

® fieiveda: 60 mW (18 dBm)

o anulilunisSudaaa: -100 dBm (1% packet error rate)

o miuYemein: aunsadMua UM NYENYILIS X-CTU ieldmisinenudu
dunmeunaendmivvsulasdyg e uraeniudinea muasdun 10 On  wazBuwn
\1ANAFInea

® A 0.96x1.297 i v 2.438x3.294 wwufiuns

o wides: 2.8 f 3.4 Toad

o nyzualwii: ilededaya 215 faduenuus, Sufiaya 55 daAusuuys, desnin 10
Tulasusauud Wlnunaandseruitlnidos +3.3 Taad

® gaumaiildau: -40 s 85 waldea

T

o aunsavinubugunsalinawmesuazaanld

o Sasdreventoyatiuniuing: 250,000 Sanaiuni

® SnsmstieventeyasunIl (UaALIY): 1,200 fi 115,200 TanaIunii

o sunvulnsedrsdeyaiisesiu: yasiagm (point-to-point), PROUaI8IR  (point-to-
multipoint) waziihfiuldivaunsalauuiasgiusia 802.15.4

® ydsnuanasa: PAN ID, Y89 Lavuenlasa dmiuLeniasaaunsanmunswa
woaLasalsunda 65,000 i

o waluladlunisnszaeadu: DSSS (Direct Sequence Spread Spectrum)

® 5933UNTINUTILUY APl uay AT command @wnsadmunldsuynasayiuag
X-CTU

N155 NP
anizewiini (FCC Part 15.247) OUR-XBEEPRO
uAWIA (IC) 4214A XBEEPRO

i §

g5 (CE) ETSI (fihdsdagegn 10 dBm)

-

dlu 005NYCV0378 (firh&sdagean 10 dBm)

2.3.2 vawmasiniinszudnse
[ v oo W ar = < [y ' <t =l
vawmaslwihnssuansaluduidsduindoufididyedrmidumagnamnssuwaedl
wad v w v a v ' v
AuaniRnsulugmnsuiundald dealdiuuinlulssaugaamnssu wu lsaeda
v ¢ 2 v o w @ < v
Tanudulendieanes Tssuagelans wieldiliusumadlunistuedeusalui Wudy
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2.3.2.1 drussnevvawamesiniinszuans

vawmesliinseuansaiduysznauiiddty 2 dudeil

1. dauitagifuil w3e awumed (Stator) Usznoude wiwdnans 2 42 1R TEMIN
wnaanariunee’ WetouusadulviliunainensuneeimyuiiliAnauuuivdn 2 YA G
Rufudafnusgauazkdniuszwieauwivgn 2 ga uandlaiaguil 2.9

U7 2.9 almmeiuamwmeineinssuanss
2. dawiiideuil wie Tames (Rotor) Usvnaukevaaaneriunees 7
wianenfiuied uasilineuilmne {tadnegivaisvesunainefiuens fagui 2.10
Fenouiuane Himiiidudatuussumiveufiedlulame fuilelinssualvarnlugs
vaamaringe’ iliiAnnisaisauinwindnty iAanisindrandeladuiuiv
dumuimdnialuanines Soihliewosuuls

a

uBguuuNU

A v s

= ¢
U 2.10 lameiveaimeslvihnssuanss

' P ") cal o o
dwvsznauiiddnueilsmesiine
® ununal (Shaft) [danmreuiammasiasiaunumanaisanaesvsenouiudus
-5 1 o | o w a it & - Y]
Lsiwed unuwaniinsseguuuuda wedswulimpueglunnibifinsduasiould
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® unuwmdneniluevivhauRumANUNe AN (Laminated Sheet Steel) il
dmsuldiurnainersuimesdeainausa

o paufinmmeiiranswwavinmasenuuuiiud uiasdiiaulei Mica) Ay
senindvesrauiinames diuivesneuiimnesasiisesdiniulavatsans vasvnainens
wiees shreuiiawestisawiuiniuwnuma WugUnaumsansyuen fmihaidudaruuse
d1u (Brushes)  Liteseaiunszuasnaredoudn Ui waatneriesiftoad aduusa
wimandnadumidliiAanisinduasiasuiuiuduusaeimandnaiu

® yaameriileiiliurnainiueglusesaasn (Slot) vewnueiuiees Tunves
aamendnvielnguasiususeussunvistestuiuegiuniseenuuuresialsine il
1 q ielimnzauiunuiigesnis

2.3.2.2 quantadasfuvasaimasininszuanse

dledenssuaritanefizen s WinwnuiirwiliZenireuiinmnes 39
Aathiusseuini nssuailuasiuiihsiliAaduuswimdnseusn Tnesumis
iAadunsawdniu dusnduiausmdndmiaan linseus hilnwyu Taouseiiin
UUsFUAM ATTUATilvasIy  AINEMITENITh LR YeEUILNE nAALAD S
VNMIhRERITANTINeTENaRIgUT 211

<
JUN 2.11 2asanyavesuawesiiwinszuanss

ar < W v
MMsANYaveINamasiwinTslansawuuaynIy AIFUA 2.1 usadulnihdnu
naulunewmesininszuansaiiAwiniu

E,=V,-I(R,+R.) (2.1)

< a ) v o ' 3
Wlo v, fe wswulivhiseldiunawesiwiinszuanse mie Taad
) v v oa & ' ¢
E, fin ussulihdunduiiietuluensiunees mie Tiad
I, #e nvuaiilvaruansiunaes mie o
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R, A8 AAuduretasuwes iy leviu
R, A8 AAURAUYNUTEaEIn e leviu

23.2.3 mitunaweilninszuansetuiug

msmupuualmeslihnssuanssitugu ansauvsldwei

o msdushesisunuliuals

nistuseddumuuiualaduuuuiuguiigaresnisauauuemeslii
nszuanse Aeldmdumiudivaldneaynsuiuuemes lnafduniuliualdasdu
siuaaglunsyurewanes m'iﬁaf-‘fuuuuffl;iﬂﬂisﬁw‘ﬁ'mwtwswﬁﬂé’q‘mqmtﬁﬂ
Wludadumu dnfleuldfurewesvuiaidn nstdunuuilliauansinisanting (F
usadageiinanadash) dafunistedunuuiiivsslenianznnsiusuad

o msduseTEdsuriusesy

"‘a%ﬂ'ﬁ{j’uﬁ'atﬁ%Lﬂ%auﬁmsqﬁuﬁﬁﬂiﬁ%miuﬁnuﬁiw%’uiauniﬁﬁaﬂ-ﬁ'qﬂnicﬁ
Sidnnselindfisnsvasidegauasuainasavgnilaudsussiuiiudsuudasdldan
unasdeRfaniuaudsn

o nisfuimednyanaiduudndy (PWM : Pulse Width Modulation)

dyaraufiduudandu fe n1suiuanuntivesiadililddadevesdygyia
wisuwlas winmminfavssindtionarlériadedtunanduiumaauniaadinnas
IfAadsun tﬁa'l'ﬁ'lumsmuQnmmﬁwmuamaﬂﬂﬂmizuamq PR RRRE GTTTRLY
WU BuLAnafagUR 2.12

our AT 21

D=50%

D=100%

i
D= 0b6
0 i i e TIME

= ar -l a a e
JUN 2.12 dgygrauiinuuaiiey

NAFUT 2.12 aswuirdayaaiien Duty Cycle 3 A loun 25 50 waz100 Weoidus
vosnudygaiaun fis MatunemeimestiuussiulnsEwans 25 Weddud ves
sefuusiulihgeaalingasdu 50 Wefidud vesseiuussiulvihgsgaluneasdu wag 100
Waiidud vassziuuseuliihasaaluiasdu audidu
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2.3.3 sanwARawUTas

sewdfalruraivialuwefudalduas Tneshlulilusunisasadunisiadeulm
nsasaduing uarnisasnaeunagUiacing wuestiaivienlasedendnnisds
wariuuas ﬁdauﬂivnauéﬂﬁ’m 2 dufe fduas (Emitter)  wasiiSuuas (Receiver)
dnwaiznsnaduiannnisiiduasnndadauss aq'lﬂas'naunmmﬂmannmwnummma
mwa‘lnm‘suuaﬁanﬂsmnmwua-'ujaﬂuLuJaqam’Jvﬂaqé’mmwmmqmmmmwmmau'ﬂiﬂ-ﬁ
nusaly

gunsaliflfibusdenadiaedilu fie LED (Light Emitting Diode) uasdiunasdu
Ingitisaly Ao Wldlalen (Photo diode) uSelWlsmsudaines (Photo transistor) @il
AranUERluMshauAsuLUasuuasinnnszui T duasilsifusnardunisdeiu
deyasgninunasiiliauaaiudnsadunamiesiiu deulduasduas (Visible red lisht)
VTBUAIBUNTIA (Infrared light) Tmawaammmu.aaﬁummmsﬂmmmuavmsamm‘lmw
na '[wcu.mLLmauﬂmmuumamiwmué’tgrmmmnuwaqmLuﬂua\:auuaﬂmw

(Emilter) Reflector
Photo transistor
(Rareiver)

J ar o a o
JUN 2.13 wdnmaviruveseanifaiuiges

U 2.13 uamedendnmsvinuseenidauee s aunsnesureldad undeiuin
ua LED afuasdunwvouasdursnsn Weinqndeuiiniassiuiumsilifndaeuiees
17 ssiliduasiananannssnuingiu udrasviounduundalnlansndamedinliiin
E'I’rytu'ltutaﬁﬁwmﬂﬁﬂg'lﬁﬁmtmum'mﬁqﬁwwdqﬂwﬁwaﬁmn v3eanvazltiitefudiuiu
Tagitlariusiuonielly szesinelunsindoanidauigesiuingiidesmsnsaasulng
Mluiufiaszanu 1 aduns Sigegn 5 wuRiung sawiRaeugas Hlilulasen] Ao
TCRT5000 wanalifagud 2.14

3U#l 2.14 eawidawuesitlilulassny
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2.3.4 faAuAu

sy Wudwdseneuniaussuumuauuuutleundy Fildgarammianatn
uduwe uasfiodwadudunmesgunanitudmivssuuiifesnisauay uienlaesunsu
vasssuumuguleundunuuauniionheddoldoulaeily wanadagui 2.15

IMIUAL NIXUIUNTY
R + Y C
(s) E(s) P LGs) Go) (s)’
") -% ed) u(r) e(?)

o [ [ <t '
Jun 2.15 'uaan"l.ﬂazu.ni:u'uaﬁw‘umuquﬂaunauuuuauuummu

< P a v a aa v
We (@) uar R(s) Ao auwmmqawaqizuuuuimmunmuazuuimuummmwuau
' a aa w
e(f) war E(s) fin mmufianainuulamuiaiasuulamunnuiiddou
u(?) way U(s) A

¢ o e v
c(t) uar C(s) A L@wwavasyuuvulamiatazuulamuauidday

8 wravewhmuanuulanauasuulawumaddeu

s 1 L3 J v
Gp(s) Ae Hendudralauvaswanuivienssuiuntsineantsauny

G(s) Aa Harduneleurasiniuay

'luﬁ’aiai’fwna'nﬁaﬁ’qmuquﬁ'ugm'lunejuﬁ":muquuuuﬁ‘laﬁ FuAnannismuau
ugiifien 3 sUuuy dud

1. NM13AIVANWUUN (P: Proportional control)

2. msmuAuiuule d: Integral control)

3. N3AUANUULA (D: Derivative control)
waznsihmseuRy 3 Ussamiuilinusaiu leseasdenszuumunyitienlda

o

asunalasail

2.3.4.1 TEUUATUANUUUN
TuszuumuruwuuT W EwRYesIAIUAY u(f) auludndiuiudunavesinmunu
wazdimuadyyiudunnvasimunauiudinuianatn e(r) wldleinavewinaunu

Faaunish (2.2)

(2.2)
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= @ ] i M -l faor 1 ar
Wle K, A dnsrerauwuudadiu (Proportional  gain) wazillanduarelouvesmiunu

wuuLdu

(2.3)

ﬁqﬁunﬁmuqnﬁqaﬁ’ﬁﬂmﬂuu.uuii"asLﬂwﬁmmwmaﬁmrmtummﬁmwmmwhﬁgu
nsflddyaueianatnualugfinamil ﬁ'ﬂﬁlﬁﬂl.mﬁvgmﬁﬁﬂmﬂ'lmg'mnﬁ’dmur}u
Tuaniu eglsfnu msfilisnsversnaiiy Tunaugideradmualiluuiedisves
dyarammianaiaviagy viseonadmunliinauaudiniedwnlitesnitd q nilwuas
Lisniiundad q wilefild Famsimunthsdiinveedwmesiidnuaeiiguil 2.16 el

o L & & oS \
N1INUUALREIUUILLIBNIT Proportional Band

Propertional Band

ur)

1
1
]
]
]
]
]
[
[
1

4 o 1 LI
JUN 2.16 n1srimuatndiavee iy

o ¥ - ? 2 ar o« -t a0 w r e - o
Msfimua Proportional Band Tzt lvidmyaanedwaiiArdnin lilugrietiudi
v o a4 w P ¢ o v o da -
NHATUVINLAE MUY Laziliafiniuauiliendnageganasdululadmvils Adeniioz
° ¢ 1 ) ' = v o O = ’ 0
Amuaedwedla q Wuspsasvesigeaananduldld dalunsideuulasinesinmaes
o ¢ | ' o o] v ] o v =
fnuAl 100% wnedaedwassidsudanmaaidululd lugageaandululs Jees

197

X 100

= (2.9)
? Proportional Band
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o e @ e 1 v oo v & v = = s
wasnn@wyaresAuAuInludadiunudunn asdudmndunsiisnvasdudygin

@ ” & oy v @ 1Y) " wr @
330U (Step  signal) Lowinaiilanaviidnwusludyqrusyiuduiu Tnednvazasinsav

=i (]

a a4 ' o W o & =
wanadunauazioAnmaziidndruiniueudmilafandugun 217 Taoguiluansdenns

o A a ' _
ABUAUDIVBINIATUAN Luaauwmaq'lu'ﬂw Proportional Band

L]

e(r)

I

u(?)

K,

4 a
JUN 2.17 HaMInBuALBITEIRIAIUALLUUT
a wa v adaw 4 LY | ot ot
Tumauiadmupuuuuiitiidnvasmilouiuinisswsnedygrugiuuuniidens
o - - w <
uludnuazvesgunsalliih vieossuurisswenedygraniong snvusvesszuuiil

) v <l
MAUANWUURN uandldnagun 2.18

AIMIVAL NITUIUMS
R(s) + E [ C
Qi3 X, YO0 649 2
n) -§ e u(®) c(?)

= <
UM 2.18 vdenlaasunsuvessEuUAIUANLULH

Todevessvuviiiidnuauuuuiiie Liiueia (Type) Wiiuszuudamneanuini
szvuiluila 0 (Type 0) fmuaueghiAsuuasia lvszuuinaiueiabuuaslsi
annsavdaAanuEananluan1zaai (Steady state error) # uafaunsavinliAiaw
Anwaadananafidndesadlddenisuiuannuligs Sdumafuauganisusudinuligs
uinvuwialuy w1dnaiteanss q MnmmuANTnTAI9IRn uaznIsUFUALMUETAg

v o

[y =l [ ' o €« w1
ﬁ'\ﬁ'ﬁU'ﬁﬁUUWNﬂuqu* 'El'ﬁ]f\w'/l'ﬂmﬂﬂﬂﬂaUﬂuaﬂmuLﬁumﬁﬂUigaﬁﬂ LU N1TUTUAILAY
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-3 [ = dHa 11 a
Wigstudmiussuududuaes waimuuife nanavaussiidaaiu (Overshoot) Az

gelumuey eenvanliudunsiedeszuuld

2.3.4.2 s3UUAIURuUUULe
Tuszuumuruuuule w1dwavesiimuaussliudadiuiunisduiindadyanuves

AAuBaNamiEUnaT daaunisi (2.5)
!
ut)=K,[e(t) dt (2.5)
0

\ile K; fie Shs1uensuuuduiinda (ntegral gain) Seaziimizeiiiu sec’ Ul 2.19 uans
AnvazNIIRBUAUBIYRIMIAIUANLULLE Lﬂa'lﬁ'f%’uﬁ'nujrmmﬁuv!mLUUizﬁ’u A1 u(f) a0 t
1o 9 vrmaﬁqﬁumﬁnﬂwﬂaaé’mmmﬁuum A8 0 39t AuAILdnTIveIBLUUuina
fafu dladuiiddunauuuszdy W 1AvmissnIndamuaisiAnntudes q Fushs

AT Tudnwazgudgygrauniudu (Ramp signal)

e(s)
1

ut)

= w
JUN 2.19 nampuausavemuauLuule
= Yoy car 1 a I~
AU (2.5) sxlafaiduanelovvesmuauwuule i

U(s) K,
E(s) s

(2.6)

G.(9)=

) dal o [y «f
dnvauzvasszuunifnuauuule uandlddagui 2.20
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FMIURL NITUIUNY
R + - Ei Y
6] 2 (s)’ 5._, L(s) Gs) C(s)’
") -F &) . u(r) ()

o
UM 2.20 vdenlapzunsuvessruunuauuule
[ Val ar 1 K' o Val ar U oy
mliiiilsidudielouvasszuuiiu — G, (s) uasibiiliiteridudrslourtady
S

K

) s 27)
BE 1%
)

sy awnsofismsaniedelaiFouremamunmuilaldnitiidudielou duas
viuldiszuumuauwuule ssfueiavesssuuiumn 1 sy duilidauiianaind
anmzpsiluguiiiisuredyanadunanuussdu agalsinmunisdalnad s - oTuszuy
2dauadlbifimsindlshissuuniunu iliaruuansesywingdna (n) uazdls (m) i
9n 1 fialviyuvesezdalng (Asymptote angle) Yeudunissinanas wazqade (Centroid)

] X o q v
waeulUn19w989EUY s (s-plane) untiu Mililaiesnmeesssuvana

2.3.4.3 SEUUAIUANLUUA
-l J 3 . ] a a IJ “
TPUUAIUANLUUAL Ll WnnYesiimupuasliudadiuiudasmandoundasdunn

AMURANaIABUABLIaT YID

uit)=k, —dff%) (2.8)

< < o o g . - .
We K, A ans1818LUuaunus (Derivative gain)
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«f)

u(f)

K4

= ) <
JUN 2.21 HaRBUAUBIVBIAIATUANLUUA
P a o o a o
UM 2.21 udntnanauauaIretszuUAIUANLUUA Wadygradunadudygyauuy
ANdU InaNNTA (2.8) AU MarauauuuuRerbidygueananfiauANiAun
ad4 1 a - a R 1 Y} P ' o - a % -
WisAduwanuEana ik liuituludasignounanuianainsaintuade
' a A < P ' a v o
ag19lsAnL wnAwRanatefdimAnAsrliinsazanaiauiawain wiina
= =l [ [ v ad r - | | o o -
AIIAANAIAEENINARIN YilnsATuANKUUAT ldwRsuulasrerinnuianalaiinai
& - = o v et W 1a 2 o w T g v )
wisiimsiaguudatetnegh 9 Aniunisaruauuutdlatouldnuanie uadnldsiuiunis

o = fo @ -
AuANwuUBY lneniandudslaudmmuauuuud szt

Gc(s)=%%= 5 (29)
5

o et o ¥ o
ANYUTBITVUUNLMAUANLUILA wanalafagun 2.22

Fmumn NIZUINNY
R(s)o+ ~ E ( e
) LN A L 10 P ©
"D % «) u(?) e(?)

< o
UM 2.22 vAeNnlABTUNTUTBITLUUAIUANLUA

dmndssuuiduwuueiin 1 wiegendn msmavAuLUUASTanau s veswyuw Tu

dvesitintuniglouvesasiisanisnas Feazlvanviinuasszuvas 1 edrelsiny deile
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1 ¥ 2/ : v 1 -:’ ¥ = o o 1 } T ar s d‘
nantineuntihiudqin nmsmuRuuuuAtzlildmesdieursldudufnuauuuudu
- Y] o 0 YV a ' a P
wzdlaldnismuauuuud viliduauilunisrevaussvesssuuderuiinwaindu
lumauidamainsamvaululddudeudiaazdiuan daiu lumaujiaimlvae

Wunsusznanisauaud Taeldiyawesuuuyini (Lead compensator)

2.3.4.4 SEUUAIUANLUUTLE
o -l a @ w 4 8w P
msiszuumuAniinuaiesduivsanas Weldnisauauwuule awnsanazudly
Iilussduninlasnisldnisaauauuuuiisiudule (Pl Proportional plus Integral) 3o

Fandmseusuuuuiile Sdnvazvesssuumunduluaugui 2.23

Mmuny
$ N S : NTEUINNTS
% g T P | - p 5 C‘
R(s) : E(s) L) G,f:l (5)=
"(f) - C(:) ) :-:- - ' h(f) C(f)

=
JUM 2.23 vdenlmezunsuveszuuAUANLUUile

dmiuszuuemuauiananiliediwavesdinunuiy

u@®)=K e(t)+K, je(t) dt (2.10)

w var o a Y v o of
i iavesamuauuuuRileftlasudlefdygadunniiuwuussiuuanddiagui 2,24

el

0 e!
f "
e K, P, | uedonnrimuruuufinda
._——'""'_'-', L
Ky uwdonnmimursuudnday
0 ¢

] )
3UN 2.24 namauauasvasiinIuANLUUile
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NAUNSA (2.10) Weriduarelouvasiinuauuuile

g&ﬂ:K +£..

G.(s)= 2 K S‘

(s+2y
=K — P (2.11)

r s

fgmAa1Aiaduiinda (Integral time constant) T 1y

=

T=—r 2.12)
Ki
Fhuagle
1
K,,[S'*‘(?)]
G.(s)=——— (2.13)

)

wazasvinliaiduanalouszuuraladu

Gy(8)=G.()G,(5)

K, ls+(CG,(5)
= y (2.14)
S

V1 oal 1l P = a v far 1 -
eyl s:—% warlnan s=0 Fadunmsiulwalvdadduaislouradaves

< ks o o v s £ o 1
szuuleldmarauauuuiile nsiindalsznay s iumumeesilAdunelowIule
- a & = o q v a4 e a o w
dumaiueidassuviuly 1 Soilissuumunuuuuiileihifinnufianarnfianizaass
usnIn Tunsiadlsissuulundeny dutasviliainuuandiseningwe (n) fudls (m)
' d v o v a [ a a ' w v a
fiFaei dniu yuveadusdulnadmiudunienniidnuin uiyadaveaduesdulnauy
< d Iy o a &
uAUTTY suAdeutgadulnnntuiein

yadinvaiurBLINAUUINUTH = (NasamMvedlna - HaTILVRRLS) / (n-m)
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MtuIndnveLduesininassiUdsuluminiu ——;:/(n—m) daalimuatissnw

1
v

vesszUvanas aglsiiny n1sanasvesmuadesduimsiazdesniinisildnisaiunu

wuulaieaenafen

2.3.4.5 STUUATUANWUURNA
MIAUANLUUALEIImAUNISAIUAKUUR (PD:  Proportional plus Derivative

v o < for 3
Control) Auanslugun 2.25 axiifaidudrelouszuuiadadu

AU
E 4 X P nSTUINMS
R~ B[ L7 + X :1Xs) @)
—Qn( )—— . Gp(L' »
nn) -5 &) Kys =% ul) e()
JUi 2.25 yienlmezunsuTBtsEUUATUANLULTIA
Gy(s)=(K, + K,5)G,(s) (2.15)

Gy()=K,(1+T;5)G ()

K ' ) Y { & -
K—"' fin AIAIAITIEYAVS (Derivative time constant) #slunismuauuuuil audl
P

‘o X Mo = a o 1=l al
AU s =7, wasasiunhiiinsdouawinvasszuy mlilidnsdeuudas

)
We T, =

! = d o
ANAIUNANFTIANTNTIEAIRD

2.3.4.6 sBUUAUANUUUTLOR
n’liﬂ’JUF}uLLUUmaﬁ (PID: Proportional plus Integral plus Derivative Control)
adinuAuLUURTTuLuYleTmAuwULR FianiSendt nsmIvAuLuY 3 maw (Three-

-l ar ar d
term control) Tﬂafiwumuquuaﬂwmsmgﬂw 2.26
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A
i — Kp '
, ATTUIUNTS
Ris) ~ __Efs): = Crs)
el ) + = (s) >
rit) elt) . s Gpls. clt)
. L Kas :
3Uil 2.26 UenlaezunsuszuuRIUANLUUTLER
wldiovinmvesmunuiiesudunaiduauiamata e(r) Maumsi (2.16)
u(t)=K,e(t)+K, Ie(t) dt+ K, de(t) (2.16)
Fafliladtudnelouvasimuauuuuitled u
K
Gp(s)=-q£'ﬂ=KP A& K 3
E(s) s
Gc(s)=Kp(I+—1-+ 7,s) (2.17)
Is
wagilendudraleussuninlavesssuumuauilled (Ju
Gy (5)=G.(5)G,(s)=K (1+ +TS)G (s)
K (TT,s +T.s+1
G.(5)= Ay : )Gp(s) (2.18)

YA

I

Nnaunsi (2.18) Wiudnseuauuuuiiled suiudlslifussuu 2 # wasidinTa
o a4 & 1l o a 08 v a o X o o g w a P
1 i Tnglwaiiuiuegiigniniia vilirdnvesssuuiingu 1 eilimuianaiaiianioy

Awrsdyaaduiulefiandumud
u



unii 3
N1599NLLUY

3 1 =t ¢ .‘l’ v 1
uniinamiinseanuuulvsunsunargunsalnelulassnuisun Ussnause 3 diu
A duniseenuuusadudesingiv - daunsesnuuuieas wazdiunsesnuuulusunsy
=l 1 -y vV :
TWaLdEAA1 4 aunsoesuislanail

o = af a
3.1 N13BNUVUINAUNALIINAY
-:Y a a 2 o o s =
Tulassauil Tilusunsuledaiisa (Solidworks) luniseenuuusadndesingiu lae
o oa al & ot d” 7| -] K
Wsunsuldaiia Wulvsunsudsuwuukazesnuuuiignimunduniiverluldnueenuuy
a oW « o 3 - [ ol aa o o o o o e
wAnsTaue weiliaes warsenuuuBuduAIana 3 IR dsodudseingavililulaseeuili
o al d o o o i dy ¥ ar d d‘
Iu 2 A lasuyvsoandeeTagavildlulassnuiansauandldfguin 3.1 Taegui 3.1
offe o ; = & o a ol o &
(" \Duwvusadndeadionssuuiendiu uaysuil 3.1(v) Wuwuusodudsadeusznevdusa

P | o
(n) wuusaulaupalanaIu (@) wuusadlavUsenavdsa
UM 3.1 uLuusaddeaingiiu

dulsznsuvessadudesingiull 5 du laun Tassasnman nseur uawes dondn
wazdedasy lnsurazdwysznouaninsoedunalamsil
1. Tasaivdnvessodndesingiu diguil 3.2 fiswandoniail
- ANuEMYRWilAnTN 250 Hadluns 917 350 daduns
- wmvesduiressaiivuinaunin 100 fadwas 812 250 Dadluns g
110 findms 39miu daudravitlivium 45 sern wlfdauvemihsanusenns
- whwaudauewmes dvunin 40 faduns o1 40 Nadiuns 11zgAsNan
vemthudauwuin 60 fadwns tieldununeines
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o a w o =t W oo
3Un 3.2 Tassadramanvessadndesingdiu

2. fszuz MUA 3.3 Tnwasdeasi
- fluanie 250 dafims 812 240 Hadwns uazgs 90 Naduns
- fevindmivAndinalnaeniuieruteTagiuludwmuganie @ @miu
sodudeedudl 2 whifideridmivaadanalomewiy Wuissnisasmsinuinu)

d o L =
3U# 3.3 nszurvessnadeingiu

¥
=1

3. wawe’ uwuunueinesddanisuliud wansieguil 3.4 Srvauuadsi
usmainszuansvun 12 Taad

- Wushugudnanwawameiiivuia 37 fadwas s 58 fadwns

- ununawmeTvwausuAugnan 6 fadwns 817 15 Jadluns

- gdwiulddengamiudaudnu 6 § fvuaduiugudnans 3 faduns

1
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o
UM 3.4 uawmesinihnszuanse

v W v Y o < = a o &

a. davdn iWunuumudeduSednuasdagui 3.5 fsvaudonsail
- Wurhurudnanvesidalivuim 120 fadwns wun 30 fadwns
- dasdwiuauunurawesvuadusiugudnas 7 fadues

d £ ar o =i al =3
JUW 3.5 aavanvessaaieningau
v a 1Y) w a o P - o o
5. aedasy \luwuundeduiadnuaedigun 3.6 fiswanduadall
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3.3.2.3 nIN1IATUANTBIAIATUANUUUNBAUAZNITUT UMY
mnildnanliludenisiuedusunsundnvesulasraulnsamesdmiusn
o a a =l L o/ iat = v < i
andesluite 3.3.2.2 lunsdlsadudssdalifsgauenidosniivioliligauen Tsunsuay
£ s 4 o - v ot =l
vilugamstuindeusadideadunaudulaearfeimunuiled (ugailed) Iesngnis
v <
muauuuuiledlanaliluund 2
< ' ° v o a ' v
MU (2.16) wuingnismvauannsadalasnnsaiung 3 dau laun
HAN1IATUANIINNITUUTHUATINUAIUAANAIA HANTTAIVANIINNTTUUSHUASTINUNS
suiiniavraimuiawaln wanan1srIuANIINMITHUIRURTIUN1TEUT UGB A ILAANA IR
a - v l;
AeBuglanuaunisi (3.1)

U =K ,(error)+ K, (Integral)+ K ,(Derivative) (3:.1)

pdlsfmunsdniunsmmannisi (3.1) fesnismsvszanasadygraameiiies
Tagtamizlunisdniiunisduiinda wazmsdufiuniseyius wilulassuiliande
Lilpspoulnsaiassivliannsoussnanadygimnawaiiisdslasese fuudsndudes
Uszananisaniiunisdufinda wasnissuduniseuius sedsnmsnduandeliiunis
Ussinanadgaaiinea faunsosuiunislalaslulasreulnsames lnonsussnanass
Hnstndedsnemumsindagmsiivn T 3unil

msUssnaueuduiiniavesmmiawainosunelail Wefinnsannansduiinia a
wat (=47 e k Aeganisdndaedne m a1l wmanduiinfavesmnuiawainas
anusauuslamuauntgi (3.2)

kT (k-OT kT
[e@di= [ ewdi+ [ e@at
0 0 k-DT
kT
Integral(k) = Integral (k —1) + j’ e(t)dt (3.2)
(k-1)T

Fawanisuiinga u artaguriiunanisduiindalusiinaudisganistnied e a an
feuwthil k-1 vanfuwan1sduiiniasinganisindiegaedl k—1 daganisdndaedig
UaqUuil £k Tesnansduiinfadiuinedaunseyszanalivaisds Tnslulasseuiliden
Ussanudouitdmasuiiug lnstharAnuRanaindagdupaduaiunisdndied uie
Guniinsiliudaisnsasiaad (Backward Euler) uandldiannsii (3.3)

Integral,, = Integral, .. +T-ervor,,, (3.3)
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matsmnameNeyRisTesnuAawanesueldd WeResawantrayius
v ¢ =kT wenayiusvasmmianatnazansaUssnalimenaniidasga fe n1sth
AmmAanaradidumidagiuautudiaufiawanalueiin wdwsfemunisdniating
Feaunisil (3.4)

de(t) _ e(kT)—e((k—DT)

7 ; (3.4)
= al o = v o
galuns@eulusunsuaunsaaniunislamuaunisn (3.5)
error. —error .
Derivative = e proout (3.5)

T

MawwIAnnsUsEInansdartieiu aunselfsulusunsulszanangnisaiuau
LLuuﬁ‘laﬁﬁ"mlu‘[ﬂ'iﬂauimaLaaﬂﬁﬁauamdu‘gﬂﬁ 3.23 lunsdlilafmuasauysnisin
faeeie dt unuiaus 7 waslulusunsuinldeddulpsenuiivandilunianuan .5 Tan
danldmunisdndetei 0.011 Juril

previous_error = setpoint - actual_position ~ // n’muﬂﬁ'lﬁ".s'luﬁ:]wa'mﬂ%'cﬁauﬁqﬁu
TremMsUIAUMLAAABINTTAUNUAILMLY

Uagtu L
integral = 0 // fualiasduinianauyinu 0
start:
error = setpoint - actual_position // wenauRawan lagnissumi
RN sauiusumiaagdu
integral = integral + (error*dt) // wdnduiinia lagthenuiinTaiiy
nnshemATIRanaeAT ALY
nan
derivative = (error - previous_error)/dt // wiRtayius lae n1suiAIA

Aananathgtuaufudrrnuiamananss
g UAIMIIAIBLIAT .
output = (Kp*error) + (Ki*integral) + (Kd*derivative) // Aulaiauns laer1nIf Kp A
AUAIANUAANAINTINAUAT Ki grunuy
MBUBUNNTaTINAUAT Kd Amuiumay

aYnus )
previous_error = error /7 wumauiawainasineulidunm
wait(dt) // s

goto start

JUP 3.23 wnAemsdisulusunsuszanangnismuauLuuiledmelilasraulnsaiaes
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o = v o 1o o 4 v
maingnAuRsuuuitedvelinansauRuiutiwels  Adadisannsadonld
Amilees K, K, uaz K, ivuizan Sanisufuudanamsuuvuitasmndamany

ypssEuLTiFeIMsmumtEnsaUfuusdilasnmsesnuuudsiasest  athslsfianaiunsdl
szuumUANLUUleAvassadndesliasnsamuuusaswndamansls  Jedududes
1fismsUTuudsIInnsaaesdiannsavildlasendongnisusuus (Tuning rule) efing
MsUTuussaednines-ilaa (Ziegler-Nichols tuning rule) wisandunisusuALuLaain
asagn (Trial and erron) TnelulAssailddonduiumsded] luduusnlided K, uas K,

Wugud udiiudr K, sunseisdyananeinaiianisundsnsii (Sustained oscillation)
INtuRaA K, Wivderswmiwasmiviiliidanisunis wavrveUiuiiind K, qunseiis
svuvannsaianudunddeddbifidrufanaaiiantiza dnanevaveadiuasd
Amjuiu (Overshoot) fluawiuld edmlafiomilinasuiua K, smiuluiwszasviili
seuvliiafesld Sunougaineiidesnsassmaiuliidua K, edlsinlinsldi
guiuly Lwswam'umﬂé’cyfy'lfu'iun'aum'mﬁqa'lussuulﬁ
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.1 Code in Form1

using System;

using System.Collections.Generic,
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;
using System.Collections;

using System.lO.Ports;

using System.Data.OleDb;

using System.1O;

using System.Reflection;

using Excel = Microsoft Office.Interop.Excel;

namespace WindowsFormsApplication1
public partial class radgeli : Form
{

private Form2 frm;
private OleDbConnection conn;
private OleDbDataAdapter adapt;
private int randomnumber(int min, int max {
Random rdm = new Random();
retum rdm.Next(min, max); }
DateTime DT = DateTime.Now;
bool check = false;
bool conncect = false;
string a1,a2,b1,b2,c1,c2,d1,d2,e1,e2,f1,12,a3,b3,c3,d3,e3 3 send,str,buff;

private void dateTimePicker1_ValueChanged(object sender, EventArgs e) {}
private void Form1_Load(object sender, EventArgs e) {

labelshowlogin. Hide();

SerialPort1.Close();

buttonlogout Hide();

buttonOk.Hide();

buttoncancel.Hide();

buttonConfirm. Hide();

labeltime. Hide();

labelshowlogin1.Text = "Please Login"

labelshowlogin3.Text = "Please Login";

GB1.Hide();

GB2.Hide();

GB3.Hide();

GB4.Hide();

GBS.Hide();

GB6.Hide(),

GBSelectSilo. Hide();

GBRecord.Hide();

GBUpdate. Hide(); }

private void buttonlogin_Click(object sender, EventArgs e) {
if (conncect == true)
OleDbDataReader dr = null;

YAINTAIVANNITNNIY MTUARIKE

/Declare function and variable

/I Call Datatimepicker
HForm1 loaded

//Button login clicked event

ion objConn = new OleDbConnection(@"Provider=Microsoft. ACE.OLEDB.12.0;Data Source=C:\Users\Zetro\Desktop\interface

OleDbConnecti
VC# Updated\24-6-2555\Login2.accdb”);

fimport data from Database

OleDbCommand objCmd = new OleDbCommand("SELECT * FROM Login WHERE Usemame = '" + this. Tbname. Text + ™ AND Password = ™

+ this. Tbpassword, Text + ™ *, objConn);

objConn.Open();

dr = objCmd.ExecuteReader();

objCmd.Dispose();

if (dr.Read() == true) {
txtbox1.Text += "Successful Login" + Environment.NewLine;
txtbox1,SelectionLength = 0;
txtbox1.SelectionStart = txtbox1.Text.Length;
txtbox1.ScrollToCaret();
gblogin. Hide();
labelshowlogin. Text = "Weicome" + " * + Tbname.Text;
labelshowlogin.Show();
buttonlogout Show();
labelshowlogin1.Text = "
labelshowlogin3.Text = ",
labeltime.Show();
labeltime.Text = DT.ToString();
GBSelectSilo.Show();
GBUpdate.Show();
GBRecord.Show(); }

Eise {
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txtbox1.Text += "Cannot login With This Usemame" + Environment.NewLine;
tdbox1.SelectionLength = 0;
txtbox1.SelectionStart = txtbox1.Text.Length;
txtbox1.ScrollToCaret(); }
dr.Dispose();
objConn.Close(); }

{
MessageBox.Show(this, "Setting Connection at the Setting Page first.”, "Please Setting Communication”, MessageBoxButtons.OK,
MessageBoxlcon.Stop);
conncect = false;
private void buttonexit_Click(object sender, EventArgs e) {
this.Close(); }
private void buttonlogout_Click(object sender, EventArgs e)  {
DataSet ds = new DataSet();
gblogin.Show(),
labelshowlogin. Hide();
buttonlogout. Hidex);
labeltime. Hide();
Tbname.Text = "™,

//Button exit clicked event

/ Button logout clicked event

labelshowlogin1.Text = "Please Login";
labeishowlogin3.Text = “Please Login™;
random1.Text = "wait";
random2.Text = "wait";
random3.Text = "wait",
randomd4. Text = "wait",
random5. Text = "wait",
random6.Text = “wait";
GBSelectSilo.Hide();
GBRecord.Hide();
GBUpdate.Hide();
txtbox1.Text =™,
txtbox1.Text += "Successful Logout” + Environment.NewLine;
CB1.Checked = faise;
CB2.Checked = false;
CB3.Checked = false;
CB4.Checked = false;
CB5.Checked = false;
CB6.Checked = false;
WeightKg1.Value = 0;
WeightKg2.Value = 0;
WeightKg3.Value = 0;
WeightKg4.Value = 0;
WeightKg5.Value = 0;
WeightKg6.Value = 0;
QuantityEa1.Value = 0;
QuantityEa2.Value = 0;
QuantityEa3.Value = 0;
QuantityEa4.Value = 0;
QuantityEa5.Value = 0;
QuantityEa6.Value = 0;
dataGridView1.DataSource = ds.Tables{"res']; )]
public void buttonOk_Click(object sender, EventArgs e) { //Button OK clicked event
if (Wheat1.Checked == false) && (Wheat2.Checked == false)) {
Random rdm = new Random(); /ICall random function
int irdm1;
irdm1 = rdm.Next(8, 10);
random1. Text = irdm1. ToString();
if ((Gel1.Checked == false) && (Gel2.Checked == faise))
Random rdm1 = new Random();
int irdm2;
irdm2 = rdm1.Next(8, 10);
random2. Text = irdm2. ToString(); }
random3, Text = "0";
randomd.Text = "0";
randoms5.Text = "0
random6.Text = 0%

o

btValue8.Text = "™,

if (Wheat1.Checked == true)
random1.Text = "8";

if (Wheat2.Checked == true)
random1.Text = "9";

if(Gel1.Checked == true)
random2.Text = "8";

if (Gel2.Checked == true)
random2, Text = "9";

al = WeightKg1.Value.ToString();

b1 = WeightKg2.Value. ToString();

c1 = WeightKg3.Value.ToString();

d1 = WeightKg4.Value.ToString();

e1 = WeightKg5.Value.ToString();

1 = WeightKg6.Value. ToString();

a2 = QuantityEa1.Value.ToString();

b2 = QuantityEa2.Value.ToString();

€2 = QuantityEa3.Value. ToString();

d2 = QuantityEa4.Value.ToString();

e2 = QuantityEa5.Value. ToString();

f2 = QuantityEa6.Value. ToString();

c3 = random3.Text;

d3 = randomd.Text,

@3 = randomS5.Text;
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13 = randomB. Text;
if (a1 == "0") al="0.0%
if (b1 =="0") b1="0,0"
if (c1 == "0") c1="0.0%
if (d1 == "0 d1="0.0"
if (e1 == "0 el="0.0"
if (1 =="0" 1 ="00"

if (((@a1=="0.0")8&(a2=="0")8&(b1=="0.0")&& (b2=="0")&&(c1=="0.0")8&(c2=="0")8&(d1=="0.0")&&(d2=="0") &&(a1="0 0")88(e2=="0")8&
(f1=="0.0")&&(f2=="0"))||((a2=="0")&&(b2=="0")88&(c3=="0")8&(d3=="0")8&(e3=="0")&&(f3=="0")))
txtbox1.Text +="Please order first" + Environment. NewLine;
txtbox1.SelectionLength = 0;
txtbox1.SelectionStart = txtbox1.Text.Length;
txtbox1.ScroliToCaret(); }
else {
btbox1.Text += "Wheat Flour " + a1 + " kg/* + a2 + " Ea, " + "Gel " + b1 + " kg/" + b2 + " Ea, " + "Rice Flour " + c1 + " kg/* + c2 + " Ea, " + "Com
Strach " + d1 + " kg/" + d2 + " Ea, " + "Glutinous Flour " + e1 + " kg/" + 2 + " Ea, " + "Fiber " + f1 + " kg/* + f2 + " Ea," + Environment.NewLine + "Confirm or
Cancel?" + Environment.NewLine;
txtbox1.SelectionLength =0;
ttbox1.SelectionStart = ttbox1 .Text.Length;
txtbox1.ScroliToCaret();
check = true; »
private void buttonConfirm_Click(object sender, EventA:gs e) { //Button Confirm clicked event
if (check == true)
a3 = random1.Text;

d3 = random4.Text;

@3 = random5.Text;

13 = random6.Text;

if ((random1. Text == "8")&&(random?2. Text == "8"))
random2.Text = "9";
b3 = random2.Text;

if ((random1.Text == "9") && (random2. Text == "9"))
random2. Text = "8%
b3 = random2.Text;

send=al +""+a2+""+a3+""+b1 +""+ b2+ " "+b3+" "+l +" " +C2+""+C3+" "+l +" "+ d2+""+d3+""rel +" "+ @2+ "+
83+ "+ 1+ " 2477+ 13

SerialPort1. Write(send); IfSend data to serial port

bxtbox1.Text += "Order Corwlata"+ Environment.NewLine;

ttbox1.SelectionLength =

txtbox1. SelectionStart = ttbox1 Text Length;

txtbox1.ScroliToCaret();

DateTime DT = DateTime.Now;

labelruntime. Text = DT.ToString();

txtValuel. Text += al + /" + a2;

btValue2. Text += b1 + */* + b2;

tetValue3 Text +=c1 + " + ¢c2;

btValued. Text +=d1 + */* + d2;

bdValue5.Text += e + /" + e2;

txtValue6.Text +=f1 + '/ + 12;

btValue7.Text += labelruntime. Text;

txtValue8.Text += Tbname.Text;

frm = new Form2();

frm.textBox1.Text = btValue1.Text;

frm.textBox2. Text = bdValue2.Text;

frm.textBox3. Text = txtValue3.Text;

frm.textBox4. Text = txtValue4. Text;

frm.textBox5.Text = txtValue5. Text;

frm.textBox6.Text = txiValue6. Text;

frm.textBox7.Text = xtValue7 . Text;

frm.textBox8.Text = txiValue8.Text;

frm. TTxx = this.test1. Text;

frm. TTww = this.test2. Text;

e

{
txtbox1.Text += "Please Order” + Environment.NewLine;
txtbox1.SelectionLength =0;
txtbox1.SelectionStart = txtbox1 Taxthgm
txtbox1.ScroliToCaret();
conn.Close(); }
private void buttoncancel_Click(object sender, EventArgs e) { I//Button Cancel clicked event
ixtbox1.Text +="Cancel Order" + Environment NewLine;
txtbox1.SelectionLength = 0;
xtbox1.SelectionStart = txtbox1.Text.Length;
txtbox1.ScrollToCaret();
check = false;
al ="0.0",

send=a1+""+a2+""+bl1 +""+b2+""+c1 +" "+ 2+ " " +d1+""+d2+" "+l +""+2+""+fl +""+2;
WeightKg1.Value = 0;

WeightKg2.Value = 0;

WeightKg3.Value = 0;

WeightKg4.Value = 0;

WeightKg5.Value = 0;

WeightKg6.Value = 0;

QuantityEa1.Value = 0;

QuantityEa2 Value =
QuantityEa3.Value =
QuantityEad.Value = 0;
QuantityEa5.Value = 0
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QuantityEa6.Value = 0; ¥
private void GbCommand_Enter(object sender, EventArgs e) {}
private void timer1_Tick(object sender, EventArgs e) {
private void CB1_CheckedChanged(object sender, EventArgs e) ' /ICheckbox 1 checked event
if (CB1.Checked == true) {
GB1.Show();

buttonConfirm. Show(); }
else {
GB1.Hide();
if ((CB1.Checked == false) && (CB2.Checked == false) && (CB3.Checked == faise) && (CB4.Checked == false) && (CB5.Checked == false) &&
(CB6.Checked == false)) {
buttonOk Hide();

0 m
private void CB2. Checkadchanged(objed sender, EventArgs e) { #iCheckbox 2 checked event
if (CB2.Checked == true) {
GB2.Show();
buttonOk.Show();
buttoncancel. Show();
buttonConfirm.Show(); }
else {
GB2.Hide();
if ((CB1.Checked == false) && (CB2.Checked == false) && (CB3.Checked == false) && (CB4.Checked == false) && (CB5.Checked == faise) &&
(CB6.Checked == false)) {
buttonOk.Hide();
buttoncancel. Hide();
buttonConfirm. Hide(); m
private void CB3_CheckedChanged(object sender, EventArgs e) { I/Checkbox 3 checked event
if (CB3.Checked == true) {
GB3.Show();

buttonConfirm.Show(); 1
else {
GB3.Hide();
if ((CB1.Checked == false) && (CB2.Checked == false) && (CB3.Checked == false) && (CB4.Checked == false) && (CB5.Checked == false) &&
(CB6.Checked == faise))
buttonOk.Hide();
buttoncancel. Hide();
buttonConfirm.Hide(); m
private void CB4_CheckedChanged(object sender, EventArgs e) { {ICheckbox 4 checked event
if (CB4. Checkad == frue) {

buttonConfirm.Show(); }
olse {
GB4.Hide();
if ((CB1.Checked == faise) && (CB2.Checked == false) && (CB3.Checked == false) && (CB4.Checked == false) && (CB5 Checked == false) &&
(CBS5.Checked == faise)) {

private void CB5_CheckedChanged(object sender, EventArgs e) { JICheckbox 5 checked event
if (CB5.Checked == true) {
GB5.Show();
buttonOk.Show();
buttoncancel. Show();
buttonConfirm.Show(); }
else {
GBS5.Hide();
if ((CB1.Checked == false) && (CB2.Checked == false) && (CB3.Checked == false) && (CB4.Checked == false) && (CB5.Checked == faise) &&
(CB6.Checked == false)) {
buttonOk_Hide();
buttoncancel. Hide();
buttonConfirm. Hide(); il
private void CB6 ChackedChmgad(d:gect sender, EventArgs e) { //ICheckbox 6 checked event
if (CB6.Checked == true) 4
):

how();
buttonConfirm.Show(); }
else {
GB6.Hide();
if ((CB1.Checked == false)&&(CB2.Checked == false)&&(CB3.Checked == false)&&(CB4.Checked == false)&&(CB5.Checked ==
false)&&(CB6.Checked == false)) {
buttonOk. Hidex);
buttoncancel. Hide();
buttonConfirm. Hide(); m
private void btnShowaAll_Click(object sender, EventArgs e)  { #Button Showall clicked event
string str1 = “select * from Table1"; /IShow data in datagridview
OleDbCommand cmd = new OleDbCommand(stri, conn);
DataSet set = new DataSet();
OleDbDataAdapter adapt = new OleDbDataAdapter(cmd);
adapt.Fill(set, "res"),
dataGridView1.DataSource = set Tables["res"];
adapt.Dispose();
cmd.Dispose(); 1
private void dataGridView1_CellContentClick(object sender, DataGridViewCellEventArgs e) {}
private void btnexcel_Click(object sender, EventArgs e) { I/Button Save clicked event
Excel Application xIApp; l[Export data to excel file
Excel.Workbook xIWorkBook;
Excel.Worksheet xiWorkSheet;
object misValue = System.Reflection.Missing.Value;
xiApp = = new Excel. Application();
= xlApp.Workbooks.Add{misValue);
xIWorkSheet = (Excel.Worksheet)xIWorkBook. Worksheets.get_ltem(1);
inti=0;
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intj=0;
xIWorkSheet.Cells[1,
xiWorkSheet.Cells[1,
xIWorkSheet.Cells[1, 3] = "Gal (Kg/Ea)";
xIWorkSheet.Cells[1,
xIWorkSheet.Cells] 1
xWorkSheet.Cellis[1, 6] = "Gluhnuus Flour (Ka!Ea} s
xIWorkSheet Cells[1, 7] = "Fiber (Kg/Ea)";
xIWorkSheet.Cells{1, 8] = "1st car weight (Kg)";
xIWorkSheet.Cells[1, 9] = "2nd car weight (Kg)":
xIWorkSheet.Cells[1, 10] = "Order by";
xlApp.Visible = true;
for (i = 0; i <= dataGridView1.RowCount - 1; i++) {
for (j = 0; j <= dataGridView1.ColumnCount - 1; j++) {
DataGridViewCell cell = dataGridViewT[j, i];
xWorkSheet.Celis[i + 2, | + 1] = cell.Value; M)
private void buttonOkupdate_Click(object sender, EventArgs e) { I/Button Ok clicked event
DbConnection objConn = new OleDbConnection(@"Provider=Microsoft ACE.OLEDB.12.0;Data Source=C:\Users\Zetro\Desktop\Interface VC#
Updated\24-6-2555\ogin2.accdb");
objConn.Open();
if (Tbupdatename.Text == string. Empty || Tbupdatepass.Text == string.Empty) {
MessageBox.Show("Please fillup complete”);
retumn; }
else {
string str1 = string. Format("INSERT INTO Login VALUES ('{0},'{1})", Tbupdatename. Text, Tbupdatepass.Text);
/Add new data to database
OleDbCommand cmd = new OleDbCommand(str1, objConn);
cmd.ExecuteNonQuery();
cmd.Dispose();
MessageBox.Show("Data stores successful®);
Tbupdatename.Text = ™,

Tbupdatepass.Text =",
radOperation.Checked = false;
radSupervisor.Checked = false; }
objConn.Close(); }
private void buttoncancelUpdate_Click(object sender, EventArgs e) { //Button Cancel clicked event

Tbupdatename. Text = ™;
Thupdatepass. Text = ™
radSupervisor.Checked = false;
tion.Checked = false; }
private void buttonSetport_Click(object sender, EventArgs &) { IfButton Setport clicked event
bool error = false;
if (SerialPort1,IsOpen) SerialPort1 Clase();
alse

{
SerialPort1.BaudRate = int. Parse(CMBoxBuad.Text); / Set the port's settings
SerialPort1.DataBits = int. Parse(CMBoxData.Text);
SerialPort1.StopBits = (StopBits)Enum. Parse(typeof(StopBits), CMBoxStop. Text);
SerialPort1.Parity = (Parity)Enum. Plr!a(typnuf(Panty) CMBoxParity. Text);
SerialPort1. PortName = CMBoxCOM. Text,

Try {
SerialPort1.Open(); # Open the port
conncect = true;
MessageBox.Show(this,"Connect to RS232Successful®,"Connecting COMPORT",MessageBoxButtons. OK,
MessageBoxicon.None); }

catch (unmmmﬁxmmm) { efror = true; }

Arg
if (error) MessageBox. Show(this, "CouldnolopanmeCOMpon Most likely it is already in use, has been removed, or is unavailable.”, "COM Port
Unavailable", MessageBoxButtons.OK, MessageBoxicon.Stop);
private vom reseti_Click(object sender, EventArgs e) { //Button Reset 1 clicked event
h 1.Value = 0;
QuantityEa1.Value = 0;
Wheat1.Checked = false;

Wheat2.Checked = false; }
private void reset2_Click(object sender, EventArgs e) { IiButton Reset 2 clicked event
Wemmcz Value =0;

}
private void reset3_Click(object sender, EventArgs e) { //Button Reset 3 clicked event
WeightKg3.Value = 0;
QuantityEa3.Value = 0;
Rice1.Checked = false;
Rice2.Checked = false;
private void reset4_Click(object sender, EventArgs e)
WeightKg4.Value = 0;
QuantityEa4.Value = 0;
Com1.Checked = false;
Com2.Checked = false;
private void reset5_Click(object sender, EventArgs e)
WeightKg5.Value = 0;
QuantityEa5.Value = 0;
Glu1.Checked = false;
Glu2.Checked = false;
private void reset6_Click(object sender, EventArgs e)
WeightKg6.Value = 0;
QuantityEa6.Value = 0;
Fiber1.Checked = false;
Fiber2.Checked = false; }
private void Port1_DataReceived(object sender, SerialDataReceivedEventArgs e} {  //Received data from serial port
buff = SerialPort1.ReadExisting();
string CAR;
if (buff == 'a’)
CAR = "Going to Silo.”;
End if
if (buff =='b’)
CAR = "Stop at silo";
End if
if (buff == 'c’)
CAR = "Feeding material";

//Button Reset 4 clicked event

o~

_——

I/Button Reset 5 clicked event

HButton Reset 6 clicked event

~——



End if
if (buff == 'd’)

CAR = "Feed completed”;
End if
if (buff == 'e)

CAR = "Going to storage”;
End if
if (buff =="'f)

CAR = "Stop at storage”;
End if
if (buff == 'g’)

CAR = "Sending material to storage”;
End if
if (buff =="n')

CAR = "Going to stop point”;
End if
if (buff =="7')

CAR = "Stop";

End if
this.test1.Text += CAR; }
n

n.2 Code in Form2

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing,

using System.Ling;

using System.Text;

using System.Windows.Forms;
using System.Data.OleDb;

using System.|O.Ports;

using System.10;

namespace WindowsFormsApplication1

{
public partial class Form2 : Form
{

private OleDbConnection conn;

string str;

public Form2()
InitializeComponent();

str = (@"Provider=Microsoft ACE.OLEDB.12.0;Data Source=C:\Users\Zetro\Desktop\interface VC# Uipdated\24-6-2555\wriey4 1.accdb”);
Hmport data from database
}

conn = new OleDbConnection(str);
public string TTxx
get
return this.caristatus. Text;
set
this.caristatus.Text = value;
public string TTww

get

return this.cariweight. Text;
set

this.cariweight. Text = value;

}
private void Form2_Load(object sender, EventArgs e) 0
private void button1_Click(object sender, EventArgs e) {

textBox1. Text = ™,
textBox2. Text =",
textBox3. Text = "
textBox4. Text = ™
textBox5.Text =
textBoxB. Text =
textBox7.Text =
textBox8. Text = ™,
this.Close();
private void btnSave_Click({

(object sender, Ev

{

//Form 2 loaded
//Button Close clicked event

e)

I/Button Save clicked event
= string.Format("INSERT INTO Table1 VALUES i‘éﬂ)‘;&}' V2 {3), {4 (5Y (B (7Y {8Y '{9})", textBox7. Text, textBox1.Text,
cariweight. Text,

string stri
textBox2.Text, textBox3.Text, textBox4. Text, textBox5.Text, textBo;

‘ext, car2weight. Text,textBox8. Text );

OleDbCommand cmd = new OleDbCommand(str1, conn);

conn.Open();
cmd.ExecuteNonQuery();
MessageBox
cmd. Dispose();
conn.Close();

.Show("Data saved”, "Save", MessageBoxButtons. OK,MessageBoxicon.Information);

)

72



3

AMANUIN VU

TUHNTUAIVANNITTNNIUYBITNANABIINN AU

WaunsumuauaTvinnuresad udesingiu Tolusunsu Keil uVision 3 Tunisidieu

v ar U A’
TUswnsu Ieeillanluswnsusaraluil

2.1 TAalusunsuvesnisnaaesi 4.2.1.1

int main{
while (1) {

if((ADC_Read|0]>1000)&&(ADC_Read[1]>1000)&&(ADC_Read[2]>1000)&&(ADC_Read[3]>1000)&&(ADC_Read[4]>1000)) {
Forwand( 1000, 1000);

else if((ADC_Read[2]>1000)&&(ADC_Read[3]>1000))
Forward(100,1000);

else if((ADC_Read[3]>1000)&8&(ADC_Read{0]>1000))
Forward(600,1000);

else if((ADC_| Readlﬂ]>1000)&&(ADC Read[1]>1000))
Forward(1000,800]

else if((ADC_| Rsad[1]>1DOB)&5(ADC Read[4]>1000))
Forward(1000,100);

else if(ADC_Read[2]>1000)
Forward(-200,1000);

else if(ADC_Read[4]>1000)
Forward(1000,-200);

else if(ADC_Read[3]>1000)
Forward(800,1000);

else if(ADC_Read[1]>1000)
Forward(1000,800);

else if(ADC_Read[0]>1000)
Forward(1000,1000);

delay(10); ]

2.2 TAnlusunsuvasn1snnaadii 4.2.1.2

void TIM2_IRQHandler(void) { 1/ TIM2 Interupt PID Control
if (TIM_GetITStatus(TIM2, TIM_IT_CC1) = RESET) {
TIM_Clear TPendingBit(TIM2, TIM_IT_CC1);
previous_error = setpoint - actual_position;
integral = 0;
ermorr = setpoint - actual_position;
integral = integral + (errorr*11);
derivative = (errorr - previous_ermor)/11;
output = (Kp*errorr) + (Ki*integral) + (Kd*derivative);
Pprevious_error = enform; »

int main(){
actual_position = Check_Position(); /I Read Position of Optical Sensor
if(output==0) /1if Sensor 3 On
Forward(1000,1000);
else if(output>0) { I Left
pwmi = 1000 - output;
if(pwm1<201) {
pwm1=-200; }
Fommunoo pwmi1),  }
else if(output<0) { I Right
pwm2 = 1000 + output;
iHpwm2<201} {
pwm2=-200; }
Forward(pwm2,1000); }
delay(10); }

2.3 TAalUsunsuvasntsmaaasdl 4.2.2.1

void TIM2_IRQHandler(void) { 11 TIM2 Interupt PID Control
if (TIM_GeliTStatus(TIM2, TIM_IT_CC1) != RESET) {
TIM, CleanTPendlmBm(TIMZ TIM_IT_CC1);
previous_eror = selpoint - actual_position;
integral = 0;
errorr = setpoint - actual_position;
integral = integral + (errorr*11);
derivative = (errorr - previous_error)/11;
output = (Kp*errom) + (Ki*integral) + (Kd*derivative);
previous_error = efvorr, }
int main(}{
actual_position = Check_Position(); Nl Read Position of Optical Sensor
if(cross == 1) { 1/ Found first Cross
do {
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Forward(700,700); Il Forward 70% duty cycle
delay(10); I Delay 10 ms
Jwhile(ADC_Read[2]<700); 4 Wait untill Sensor right at wheel found the line
Clear(); 1/l Stop
delay(100); /! Delay 100 ms
do {
Forward(700,-700); # Tum left with 70% duty cycle
delay(10); I/ Delay 10 ms
Jwhile(ADC_Read[0]<700); } I/l Wait untill Sensor5 at the front of car found the fine
else if(cross == 2) { I Found Sencond Cross
{
Forward(700,700); // Forward 70% duty cycle
delay(10); I/ Delay 10 ms
]whéle(ADc Read[1]<700); 11 wait untill Sensor left at wheel found the line
1 Stop
delay(mo) 1l Delay 100 ms
do
Forward(-700,700); // Tum Right with 70% duty cycle
delay(10); 1l Delay 10 ms
while(ADC_Read[3]<700); } / wait untill Sensor1 at the front of car found the line
else if(cross = 3) {
{
Forward(700,700); Il Forward 70% duty cycle
delay(10); I Delay 10 ms
Muis{ADC Read]|2]<700); 1 Wait untill Sensor right at wheel found the line
1/ Stop
delay(‘-OO) 1/ Delay 100 ms
do
Forward(700,-700); 11 Tum left with 70% duty cycle
delay(10); Il Delay 10 ms
Jwhile(ADC_Read[0]<700); } I/ Wait untill Sensor5 at the front of car found the line
if(output==0) 11if Sensor 3 On
Forward(1000,1000);
else if{output>0) { 1 Left
pwm1 = 1000 - output;
if(pwm1<201)
pwm1=-200; }
Forward(1000,pwm?1); }
else if(output<0) { I Right
pwm2 = 1000 + output;
if(pwm2<201)
=-200; }
Forward(pwm2,1000); }
delay(10); }

v.4 alusunsuvasnisneaesi 4.2.2.2

void TIM2_IRQHandler(void) { 1 TIM2 Interupt PID Control
if (TIM_GetITStatus(TIM2, TIM_IT_CC1) = RESET) {

int main()}{

TIM_Clear TPendingBit(TIM2, TIM_IT_CC1);

previous_error = setpoint - actual_position;
integral = 0;

errorr = setpoint - actual_position;

integral = integral + (errorr*11);

derivative = (errorr - previous_error)/11

output = (Kp*error) + (Ki*integral) + (Kd'dmnve)
previous_error = emor, }

actual_position = Check_Position(); /I Read Position of Optical Sensor
if(cross == 1) { # Found first Cross
do {
Forward(700,700); / Forward 70% duty cycle
delay(10); // Delay 10 ms
Jwhile{(ADC_Read[2]<700); N Wait untill Sensor right at wheel found the line
Clear(); Il Stop
delay(100); I/ Delay 100 ms
do {
Forward(700,-700); I Tum left with 70% duty cycle
delay(10); /I Delay 10 ms
Jwhile(ADC_Read[0]<700);  / Wait untill Sensor5 at the front of car found the line
do {
Forward(700,-700); # Tum left with 70% duty cycle
delay(10); // Delay 10 ms
Jwhile(ADC_Read[6]<700);, / Wait untill Sensor4 at the front of car found the line
do
{
Forward(700,-700), /# Tum left with 70% duty cycle
delay(10); 1/ Delay 10 ms
while(ADC_Read[5]<700); } // Wait untill Sensor3 at the front of car found the line
else if(cross == 2) { # Found Sencond Cross
do {
Forward(700,700); // Forward 70% duty cycle
delay(10); /i Delay 10 ms
Jwhile(ADC. Raad[1]<700} /I'wait untill Sensor left at wheel found the line
Clear(); 1l Stop
delay(100); I/l Delay 100 ms
do
Forward(-700,700); // Tum Right with 70% duty cycle
delay(10); I/ Delay 10 ms.

Jwhile(ADC_Read[3]<700); // wait untill Sensor1 at the front of car found the line

{

Forward(-700,700); / Tum Right with 70% duty cycle

delay(10); /i Delay 10 ms

Jwhile(ADC_Read[4]<700); // wait untill Sensor2 at the front of car found the line
do

Forward(-700,700); // Tum Right with 70% duty cycle
delay(10); /i Delay 10 ms



}while(ADC_Read[4]<700); } / wait untill Sensor3 at the front of car found the line

eise if(cross == 3) {
do {
Forward(700,700); /I Forward 70% duty cycle
delay(10); // Delay 10 ms
Jwhile(ADC_Read[2]<700); I/ Wait untill Sensor right at wheel found the line
Clear(); 1/ Stop
delay(100); 1/ Delay 100 ms
do {
Forward(700,-700); // Tumn left with 70% duty cycle
delay(10); # Delay 10 ms
Jwhile(ADC_Read[0]<700); // Wait untill Sensor5 at the front of car found the line
do {

Forward(700,-700);, // Tumn left with 70% duty cycle

delay(10); / Delay 10 ms
Jwhile(ADC_Read[6]<700); /f Wait untill Sensor4 at the front of car found the line
do {

Forward(700,-700); // Tum left with 70% duty cycle
delay(10); / Delay 10 ms
while(ADC_Read[5}<700); } 11 Wait untill Sensor3 at the front of car found the line

if(output==0) 1/if Sensor 3 On
Forward(1000,1000);
else if{output>0) I/ Left
{
pwm1 = 1000 - output;
if(pwm1<201) {
pwm1=-200; }
Forward(1000,pwm1); }
else if(output<0) { /i Right
pwm2 = 1000 + output;
if(pwm2<201) {
pwm2=-200; }
Forward(pwm2,1000); }
delay(10); }
o o - |
2.5 TAnlusunsuvassoandesinghvaAui 1
#include "stm32f10x_lib.h" I/ Include hex file
#include "string.h"
TIM_TimeBaselnitTypeDef TIM_TimeBaseStructure;
TIM_OCInitTypeDef TIM_OCInitStructure;
DMA_InitTypeDef DMA_InitStructure;
NVIC_InitTypeDef NVIC_InitStructure;
#define ADC1_DR_Address ((u32)0x4001244C) 1l Address for connect DMA and ADC
vu16 ADC_Read|5]; 1/ Buffer ADC
u8 TxBuffer{100] = "ZZZZZ\\n",
vud RxMessage(2] = {0}

unsigned int choice = 0;

unsigned introundA = 0;

unsigned int silo = 0;

unsigned int ready = 0;

void RCC_Setup(void);

vold GPIO_Setup{void),

void TIM4_Setup(void);

void TIM2_Setup(void);

void USART1_Setup(void);

void DMA,_Setup(void);

void NVIC_Setup(void);

void USARTZ_Setup(void);

void ADC_Setup(void);

void TIM2_Setup(void),

void delay(unsigned long ms) { Il Delay 1 ms Function
volatile unsigned long i.j;
for(i=0; i<ms; i++)

for(j=0; j<5525; j++); }

int usart1_getc() N Function receive charactor
while(USART_GetFlagStatus(USART1,USART_FLAG RXNE)::RESEF) 1/ Wait untill receive data
retun(USART_ReceiveData(USART1));  } Retumn charracter

void usart1_putc{unsigned char c) { " Ft.lnd;nn transmit Charactor
while(USART_GetFlagStatus(USART1,USART_FLAG 'D(E}—=RESET). # Wait untill transmittion ready
USART_SendData(USARTT (intjc); } 1/ Send Charracter

void usart1_puts(unsigned char *s) { #/ Function USART1 transmit String
while(*s)  { Il Check end of String

usartl_putc(*s++); »n 1l Send charracter 1 time
int usart2_puts(unsigned char *s) { /I Function USART2 transmit String with DMA Module

while(DMA_GetFlagStatus(DMA1_FLAG_TC7) == RESET);
DMA_Cmd(DMA1_Channel7 DISABLE);
strepy(TxBuffer,s);
DMA_Delnit(DMA1_Channel7); # Choose DMA1 to automatically transmits
DMA_InitStructure. DMA_PeripheralBaseAddr = (u32)&USART2->DR;
DMA_InitStructure. DMA_MemoryBaseAddr = (u32)TxBuffer;
DMA_InitStructure. DMA_DIR = DMA_DIR_PeripheralDST;
DMA_InitStructure. DMA BufferSize = minn(TxBuﬂ‘ar
DMA_InitStructure.DMA_| _Peripheralinc = DMA_Peripheralinc_Disable;
DMA_InitStructure. DMA_Memoryinc = DMA_Memoaryinc_Enable;
DMA_InitStructure.DMA_PeripheralDataSize = DMA_PeripheralDataSize_Byte;
DMA_InitStructure. DMA_MemoryDataSize = DMA_MemoryDataSize_Byte;
DMA_InitStructure. DMA_Mode = DMA_Mode_Normal;
DMA_ InitStructure. DMA_| \_Priority = DMA_Priority_VeryHigh;
DMA InitStructure. DMA_M2M = DMA_M2M_Disable;
DMA_Init(DMA1_ Channeﬁ' &DMA_InitStructure);
DMA_Cmd(DMA1_Channel7 ENABLE); }
int DMAChannei6_IRQHandler() { /I DMA Interupt Function
if(DMA_GetFlagStatus(DMA1_IT_TC6)==SET) £
if(RxMessage[0]==A)  {
r.hoica"1
delay(100); }
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if(RxMessage[0}=="B') {
roundA = 1;
delay(100); }
if(RxMessage[0F='C')  {
roundA = 2;
delay(100), }
iﬂRxMesaaua?Ff?) {
ilo=1;
delay(100); }
i!(RxMe-saoe[DF~'§') {
delay(100); }
if(RxMﬂw[DF='G') {
delay(md} }
DMA_CleariTPendingBit(DMA1_IT_TC6); }}

void Forward(int aint b)
if{(a>0)&&(b>0))
GPIO_WriteBit(GPIOB,GPIO_Pin_10,0);

GPIO_ WriteBit(GPIOB,GPIO_Pin_11,1);
GPIO_WriteBit(GPIOB,GPIO_Pin_12,0);
GPIO_WriteBit(GPIOB,GPIO_Pin_13,1);

/I This Function control speed wheel motor

I/ Direction Forward
I/ Direction Forward
I/ Direction Forward
I/ Direction Forward

TIM_OCInitStructure. TIM_OutputState = TIM_OutputState_Enable;

TIM_OCInitStructure.TIM_Puise = a;
TIM_OC3Init(TIM4, &TIM_OCInitStructure);

1/ Speed Motor left

TIM_OC3PreloadConfig(TiM4, TIM_OCPreload_Enable);

TIM_OClnitStructure. TIM_OutputState = TIM_OutputState_Enable;

TIM_OCinitStructure. TIM_Pulse = b;
TIM_OC4Init(TIM4, &TIM_OCInitStructure);

1/ Speed Motor Right

TIM_OCA4PreloadConfig(TIM4, TIM_OCPreload_Enable); }

else if{(a<0)8&(b50))  {
a=-a;
GPIO_WriteBit(GPIOB,GPIO_Pin_10,0);
GPIO_ WriteBit(GPIOB,GPIO_Pin_11,1);
GPIO_WriteBit(GPIOB,GPIO_Pin_12.1);
GPIO_WriteBit(GPIOB,GPIO_Pin_13,0);

Il Define direction is go left
1/ Direction Left
/I Direction Left
1/ Direction Left
/I Direction Left

TIM_OCnitStructure. TIM_OutputState = TIM_OutputState_Enable;

T|M OCInitStructure. TIM_Pulse = a
M_OC3Init(TIM4, &TIM_OCInitStructure);

i1 Speed Motor left

M_OC3PreloadConfig(TiM4, TIM_OCPreload_Enable);
Tm OCInitStructure. TIM_OutputState = TIM_OutputState_Enable;

TIM_OCnitStructure. TIM_Pulse = b;
TIM_OCH4Init(TIM4, &TIM_OCInitStructure);

Il Speed Motor Right

TIM_OC4PreloadConfig(TiM4, TIM_OCPreload_Enable); }

else If((8>0)8&(b<0)) |

GPIO _WriteBit(GPIOB.GPIO_Pin_10,1);
GPIO_WriteBit{GPIOB.GPIO_Pin_11,0);
GPIO_WriteBit(GPIOB.GPIO_Pin_12,0);
GPIO_WriteBit(GPIOB,GPIO_Pin_13,1);

/! Define direction is go right
/I Direction Right
/i Direction Right
1/ Direction Right
// Direction Right

T1M OCinitStructure. TIM 0uipu1$tale=TIM OutputState_Enable;
InitStructure T4

M_OC!
M_OC3Hnit(TIM4, &TIM OCInﬂSMum)

1f Speed Motor left

TIM OC3PreloadConfig(TIM4, TIM_OCPreload_Enable);
TIM_OCInitStructure. TIM_OutputState = TIM_OutputState_Enable;

TIM_OClnitStructure. TIM_Pulse = b;
TIM_OCAInit(TIM4, &TIM_OCHnitStructure);

11 Speed Mator Right

TIM_OCH4PreloadConfig(TiM4, TIM_OCPreload_Enabie); ]}

void Clear(void) {
unsignedinta=0;
unsigned intb =0;
GPIO_WriteBit(GPIOB,GPIO_Pin_10,1);
GPIO_WriteBit(GPIOB,GPIO_Pin_11,0);
GPIO_WriteBit{GPIOB,GPIO_Pin_12,1);
GPIO_WriteBit{GPIOB,GPIO_Pin_13,0);
TIM_OCinitStructure. TIM 0u1pul$h10 =TIM_OutputState_Enable;
TIM_OCInitStructure. TIM_Pulse = a;
11M OC3Init(TIM4, &TIM_ |_OCInitStructure);

M4, TIM_OCPreload_Enable);

1m OCinitStructure. TIM_OutputState = TiM_OutputState_Enable;
1/ Speed Motor Right

TIM_OCInitStructure. TIM_Pulse = b;

TIM_OCAInit(TIM4, &TIM_OCInitStructure);

TIM_OC4PreloadConfig(TIM4, TIM_OCPreload_Enable); }
void Feed_In{void) {

delay(1000);

GPIO_WriteBit(GPIOC,GPIO_Pin_5,0);

GPIO_WriteBit(GPIOC,GPIO_Pin_6,1);

delay(5000),

GPIO_WriteBit(GPIOC,GPIO_Pin_5,0);

GPIO_WriteBit(GPIOC,GPIO_Pin_8,0);
void Feed_Out(void) {

delay(1000);

GPIO_WriteBit(GPIOC,GPIO_Pin_5,1);

GPIO_WriteBit(GPIOC,GPIO_Pin_6,0);

delay(10000);

GPIO_WriteBit(GPIOC,GPIO_Pin_5,0);

GPIO_WriteBit(GPIOC,GPIO_Pin_6,0), }
int Check_Position(void) {

unsigned int i=0;

-~

/I Function Stop Mation
# Initial Stop

I/ Initial Stop

I Direction Stop

I Direction Stop

11 Direction Stop

/I Direction Stop

I Speed Motor left

I/ Feed in raw material
// Delay 15

Il Delay 58

I/ Feed Out raw material
I Delay1s

H Delay5s

I Weight Optical Sensor function

if({ADC_| Road[2]>9m}&&(ADC Read[3]>900)&&(ADC_Read[0}>900)&&(ADC_Read[1]>900)&&(ADC_Read[4]>900))
=10,

else H{(ADC_| Read{1]>900)&&(A.DC Read[2]>000)8&(ADC_Read[0]>900))
else if((ADC._| Rendm]:vQOO)&&(ADC Read[3]>000)&&(ADC_Read[4]>900))
=0;

else if((ADC._| Raad(zpm)&&(ADc Read[3]>900))
else if{(ADC._| Read[aPBOO)&&(ADC Read[0]>900))

11 3Cross
/I 3Cross
/ Sensor 1,2 On
/ Sensor2,3 On

I/ 4Cross
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i=1;

else if{(ADC_Read[0]>900)&&(ADC_Read[1}>900)) /f Sensor 3.4 On
else if{(ADC_| Rea!i[IPQDB)&&(ADC Read[4]>900)) /f Sensor 4,5 On
else if(ADC._| Rsad[2]>900) I Sensor 1 On
else if(ADC_| Ruﬁppﬂw) Il Sensor 2 On
else if(ADC. Read{1]>900) Il Sensor 4 On

=

eise if(ADC_| Read[4]>900) /I Sensor 5 On
else if(ADC Read{0]>900) /l Sensor 3 On
return i; }

int Transfer(unsigned int k) { Il Function transfer hex data to dec data (0-9)
if(k==0x30)

if(k==0x31)
if(k==0x32)
if(k==0x33)
if(k==0x34)
if(k==0x35)
if(k==0x36)
if(k==0x37)
if{k==0x38)
if{k==0x39)
else

retumn k;
int inTransfer{unsigned int k) { I Function transter dec data to hex data (0-9)
if(k==0)

if(k==1)
if(k==2)
H{(k==3)
if(k==4)
if(k==5)
if{l==6)
if(k==7)
if{k==8)
iftk==8)

else

return k;
int Show(unsigned long i) } I Function Show A2D sensor on USART1
intab.c.d;
if(i>=1000) {
a =i/1000;
b = (i-(a*1000))100;
¢ = (((a*1000)+(b*100)))/10;
d = (i{(a*1000)+(b*100+{c"10))/1; }
eise ff((1000>()&&(i>=100)) {
a=0;
b =1i100;
¢ = (H{b*100))/10;
d = (i-({(b*100)+(c*10)))1; }
else if((100>1)&&(i>=10)) {
a=0;
b=0;
c=iM0;
= (Hc"10)V1; }
else if((10>0)&&(i>=0)) {
a=0;

b=0;
c=0;
d=i }

a = inTransfer({a);

b = inTransfer(b);

= inTransfer(c);

d = inTransfer(d);

usart1_putc(a);

usart1_putc(b);

usart1_putc(c),

usart1_puic(d), }

void TIM2_IRQHandler(void) } 11 TIM2 Interupt PID Control

if (TIM_GetiTStatus(TIM2, TIM_[T_CC1) |= RESET) {
TIM_Cleari TPendingBit(TIM2, TIM_IT_CC1);
previous_ermor = sefpoint - actual_position;
integral = 0;
erfrorr = setpoint - actual_position;



int main(void)

while (1)

integral = integral + (errorr*11);

derivative = (emorr - _emor)/11

output = (&p‘an'on‘)+(1<1'mtegml)+(Kﬂ'denvaWe)
previous_error = erorr;
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{ /I Main Function
unsigned int CCR3_Val = 0;
unsigned int CCR4_Val =
unsigned int cross = 0;
unsigned int z=0;
int setpoint = 0;
int previous_eror = 0;
int actual_position = 0;
int integral = 0;
float derivative = 0;
int errorr = 0;
int Kp=100,Ki=10,Kd=0; 1 Initial Kp,Ki,Kd
float output = 0;
int pwm1 = 0,pwm2 = 0;
RCC_Setup();
GPIO_Setup();
USART1_Setup();
NVIC_Setup();
ADC_Setup();
DMA_Setup();
USART2_Setup();
TIM4_Setup();
TIM2_Setup();
Show(ADC_Read[0]), It Show A2D Sensor
usart1_puts("\in");
Show(ADC_Read[1]);
usart1_puts("VAn");
Show(ADC_Read[2));
usart!_puts("\in");
Show(ADC_Read[3]);
usart!_puts("\An’
Show{ADGC_Read[4]);
usarti_puts{"\\n");
usart1_puts("\An"); */
{ I/ Loop Infinity
if((choice!=0)&&(roundA!=0)&&(silo!=0)) { /I Wait untill recieve data completely
actual_position = Check_Position(); I/ Read Position of Optical Sensor
if(actual_position > 9) { // When the truck find the cross
actual_position = 0
Ccross = cross +1; 1t Count Cross
Clear(); 11 Stop
delay(100); 1l Delay 100 ms
if(silo==1) { Hif go to silo 1
if(cross == 1) { 1/l Cross = 1
{
usart2_puts("F"); // Sent data 'F' to microcontrolier at silo dispensing system
delay(100); // Delay 100 ms
Jwhile(ready!=1); / wait untill microcontoller at silo send Ready
Feed_In(); /! Feed raw material in truck
}
elee if(crose ==2) {} i Crose =2
else if(cross == 3) { # Cross =3
usart2_puts("H"); /i Send data 'H' to microsontroller at silo
Feed_Out(); } Il Feed Out raw material
else if(cross == 4) /i Cross = 4
K
usart2_puts("l"); # Send data 'I' to microcontroller at silo
z=z+1,; /I Cont Round
cross =0;
ready = 0;
if(z==roundA) { Itif Round = Command Stop
roundA = 0;
sito =0;
choice = 0;
_ z=0; 1}
if(silo==2) { # Go to Silo 2
if(cross ==1) {} #/ Cross =1
else ifcross ==2) { /i Cross =2
do
{
usart2_puts("F"); /1 Send data 'F' to microcontrolier
at Silo dipensing system
delay(100); 1/ Delay 100 ms
while(ready!=1); 1 wait untill microcontroller at Silo send Ready
Feea_In(); } Il Feed in Raw material
else if(cross == 3) { Il Cross =3
usart2_puts("H"); 1/ Send data 'H' to microcontroller at Silo
Feed_Out(); ) If Feed out Raw material
else if(cross == 4) { /I Cross = 4
usart2_puts("l"); 1/ Send data 'I' to microcontroller at Silo
z=2z+1; /! Count round
cross = 0,
ready = 0;
if(z==roundA) { 11 if round = Command Stop
roundA =0;
choice = 0;
silo =0;
z=0; H}}
if(output==0) I it Sensor 3 On
Forward(1000,1000);
else if(output>0) { i Left
pwm1 = 1000 - output;
if(pwm1<201) {
pwm1=-200; }
Forward(1000,pwm1); }
else if(output<0) // Right

pwm2 = 1000 + output;



if(pwm2<201) {

pwm2=-200; }
Forward(pwm2,1000); }
delay(10);
) _ Clear(); }i} _
void RCC_Setup(void) { /I RCC Setup Function
ErrorStatus HSEStartUpStatus;

RCC_Delnit();
RCC_HSEConfig(RCC_HSE_ON);
HSEStartUpStatus = RCC_WaitForHSEStartUp();
if (HSEStartUpStatus == SUCCESS)
FLASH_PrefetchBufferCmd(FLASH_PrefetchBuffer_Enable);
FLASH_SetLatency(FLASH_Latency_2);
RCC_HCLKConfig(RCC_SYSCLK_Div1);
RCC_PCLK2Config(RCC_HCLK_Div1);
RCC_PCLK1Config{RCC_HCLK_Div4);
RCC_PLLConfig{RCC_PLLSource_HSE_Div1, RCC_PLLMul_9);
RCC_PLLCmd(ENABLE),
while (RCC_GetFlagStatus(RCC_FLAG_PLLRDY) == RESET);
RCC_SYSCLKConfig(RCC_SYSCLKSource_PLLCLK);
while (RCC_GetSYSCLKSource() != 0x08); }
RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIOA | RCC_APB2Periph_GPIOB | RCC_APB2Periph_GPIOC |
RCC_APB2Periph_AFIO, ENABLE), }
void GPIO_Setup(void) { 1l GPIO Setup Function
GPIO_InitTypeDef GPIO_InitStructure;
GPIO_InitStructure GP10 Pin = GPIO_Pin_8 | GPIO_Pin_9 ; 1l Enable Motor
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF_PP;
GPIO_InitStructure.GPIO._ ) _Speed = GPIO. Speed SUMHz
GPIO_Init(GPIOB, &GPI0_InitStructure),
GPIO_InitStructure. GPIO_Pin = GPIO_Pin_10 | GPIO_Pin_11 | GPIO_Pin_12 | GPIO_Pin_13 ;  // Direction Drive
GPIO_InitStructure. GPIO_Speed = GPIO_Speed_S0MHz;
GPIO_InitStructure. GPIO_Mode = GPIO_Moda_Out_PP;
GPIO_Init(GPIOB,&GPIO_InitStructure);
GPIO_InitStructure. GPIO_Pin = GPIO_Pin_5 | GPIO_Pin_6 ; /1 Direction Feed
GPIO_InitStructure.GPIO_Speed = GPIO_Speed_SOMHz;
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_Out_PP;
GPIO_Init{GPIOC, 8GPIO_ InitStructure);
GPIO_InitStructure. GPIO_Pin = GPIO_Pin_0 | GPIO_Pin_1 |GPIO_Pin_2 |GPIO_Pin_3 |GPIO_Pin_4 ; / Optial Sensor
GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;
GPIO_InitStructure. GPIO_Mode = GPIO_Mode_AIN;
GPIO_Init(GPIOC,&GPIO_InitStructure);
GPIO_InitStructure. GPIO_Pin = GPIO_Pin_9;
GPIO_InitStructure GPIO_ SpGGdSGPlO Speed S50MHZ,
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF_PP;
GPIO_Init{GPIOA, &GPIO_InitStructure);
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_10;
GPIO_InitStructure GPIO_Mode = GPIO_Mode_IN_FLOATING;
GPIO_Init{GPIOA, &GPIO_InitStructure);
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_2;
GPIO_tnitStructure.GPIO_Speed = GPIO_Speed_50MHz;
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF_PP;
GPIO_Init(GPIOA,8GPIO_InitStructure);
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_3
GPIO_InitStructure.GPIO_Mode = GPIO_ Modﬁ IN_FLOATING;
GPIO_IN{GPIOA, &GPIO_InitStructure); ¥
void TIM2_Setup(void)  { # TIM2 Setup for PID Control
RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM2, ENABLE);
TIM_TimeBaseStructure. TIM_Period = 9999;
TIM_TimeBaseStructure. TIM_ |_Prescaler=72;
TIM_TimeBaseStructure. TIM_ClockDivision =TIM_CKD_DiV1;
TIM_TimeBaseStructure. TIM_CounterMode = TiM_ CounterMade, y_Up;
TIM_TimeBaselnit(TIM2, &TIM TImeBauShuchn}
TIM_ARRPreloadConfig(TIM2, ENABLE);
TIM_Cmd(TIM2, ENABLE); }
void TIM4_Setup(void)  { 1/ TIM4 Setup for PWM motor
RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM4, ENABLE);
TIM_TimeBaseStructure. TIM_Period = 899;
TIM_TimeBaseStructure.TIM_Prescaler = 0;
TIM_TimeBaseStructure. TIM_ClockDivision = 0;
TIM_TimeBaseStructure. TIM_{ |_CounterMode = TIM_CounterMode_Up;
TIM_TimeBaselnit(TIM4, &TIM_TimeBaseStructure);
TIM OCnitStructure. TIM_OCMode = TIM_OCMode_PWM1;
M_OCHnitStructure. TIM_OCPotarity = TIM_OCPoiarity_High;
TIM ARRPreloadConfig(TIM4, ENABLE);
TIM_Cmd(TIM4, ENABLE), ¥

1

1

U

I

I

¥

1)

void USART1_Setup(void) { 1 USART 1 Setup
USART_InitTypeDef USART_InitStructure;
RCC_APB2PeriphClockCmd(RCC_APB2Periph_USART1,ENABLE); # Enable USART1 Clock
USART_InitStructure. USART_BaudRate = 8600; 1l Baudrate 9600
USART_InitStructure. USART_WordLength = USART_WordLength_8b; // Data 8 Bits
USART_InitStructure. USART_StopBits = USART_StopBits_1; // 1 Bit Stop
USART_InitStructure. USART_Parity = USART_Parity_No; /! Parity none

USART InitStructure. USART_HardwareFlowControl = USART_HardwareFlowControl_None;
USART_InitStructure.USART_Mode = USART_Mode_Rx | USART_Mode_Tx;

USART_Init(USART1,&USART_InitStructure); I Configure the USART1
USART_Cmd(USART1,ENABLE); }
void NVIC_Setup() £ 11 Set TIM2 Interupt and DMA interupt

NVIC_InitTypeDef NVIC_InitStructure;
NVIC_PriorityGroupConfig(NVIC_PriorityGroup_2);

NVIC_ InitStructure.NVIC_IRQChannel = DMAT_Channel6_IRQChannel; // DMA interupt
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0;

1

NVIC_InitStructure. NVIC_IRQChanneiSubPriority = 0;

NVIC.
NVIC
NVIC,
NVIC,
NVIC
NVIC.

1

InitStructure.NVIC_IRQChannelCmd = ENABLE;
InitStructure.NVIC_IRQChannel = TIM2_IRQChannel;
InitStructure.NVIC_| lRQChemelPreemphoanmy =0,
InitStructure.NVIC_IRQChannelSubPriority = 1;
InitStructure.NVIC_IRQChannelCmd = ENABLE;

> Init&NVIC_InitStructure); }

void USART2_Setup(void)  {
USART_InitTypeDef USART_InitStructure;
RCC_APB1PefiphClockCmd(RCC_APB1Periph_USART2 ENABLE);

11 TIM2 interupt

/I USART2 DMa function
/I Enable USART2 Clock



USART_InitStructure. USART_BaudRate = 9600;
USART_InitStructure. USART_WordLength = USART_WordLength_8b;
USART_InitStructure. USART_StopBits = USART_StopBits_1;
USART_InitStructure. USART_Parity = USART_Parity_No;
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/1 USART2 configured

USART_InitStructure. USART_HardwareFlowControl = USART_HardwareFlowControl_None;

USART_InitStructure. USART_Mode = USART_Mode_Rx | USART_Mode_Tx;
USART_Init(USART2 &USART_InitStructure);

USART_Cmd(USART2,ENABLE);

void ADC_Setup(void) {
ADC_InitTypeDef ADC_Ini
RCC_APB2PeriphClockCmd(RCC._ APB2Penph ADC1,ENABLE);
ADC_InitStructure. ADC_ContinuousConvMode = ENABLE;
ADC_InitStructure. ADC_DataAlign = ADC_DataAlign_Right;
ADC_InitStructure. ADC_ExternalTrigConv = ADC_ExternalTrigConv_Nane;
ADC_InitStructure. ADC_Mode = ADC_Mode_Independent;
ADC_InitStructure. ADC_NbrOfChannel = 5;
ADC_InitStructure. ADC_ScanConvMode = ENABLE
ADC_Init(ADC1, &ADC_initStructure);

)

)
1

0,1
1,2, ADC
ADC_| _RegularChannelConfig{ADC1, ADC_Channel_12, 3, ADC
ADC_RegularChannelConfig{ADC1, ADC_Channel_13, 4, ADC
ADC_RegularChannelConfig{ADC1, ADC_Channel_14, 5, ADC]
ADC_Cmd(ADC1, ENABLE);
ADC_DMACmd(ADC1, ENABLE),
ADC_ResetCalibration(ADC1);
while(ADC_GetResetCalibrationStatus(ADC1));
ADC_StartCalibration(ADC1);
while(ADC_GetCalibrationStatus(ADC1));
ADC_SoftwareStartConvCmd(ADC1,ENABLE); 3
void DMA_Setup(void) {
RCC_AH hClockCmd(RCC_AHBPeriph_DMA1,ENABLE);
DMA_Delnit(DMA1_Channel1);
DMA_InitStructure. DMA_PeripheralBaseAddr = (u32)4ADC1->DR;
DMA_InitStructure. DMA_MemoryBaseAddr = (u32)8ADC_Read;
DMA_InitStructure.DMA_DIR = DMA_DIR_PeripheralSRC;
DMA_InitStructure. DMA_BufferSize = 5;
DMA_InitStructure.DMA_Peripheralinc = DMA_Peripheralinc_Disable;
DMA_InitStructure. DMA, \_Memoryinc = DMA_Memoryinc_Enable;
DMA_InitStructure.
DMA InitStructure. DMA_Mode = DMA_Mode_Circular;
MA_InitStructure DMA,_Priority = DMA_Priarity_VeryHigh;
DMA InitStructure.DMA_M2M = DMA_M2M_Disable;
DMA_Init(DMA1_Channel1, 8DMA_InitStructure);
DMA_Delnit(DMA1_Channei7);
DMA_InitStructure. DMA_PeripheralBaseAddr = (u32)&USART2->DR;
DMA_InitStructure. DMA_MemoryBaseAddr = (u32)&TxBuffer;
DMA_InitStructure. DMA_DIR = DMA_DIR_PeripheralDST,;
DMA_InitStructure. DMA_BufferSize = strien(TxBuffer);
DMA_InitStructure. DMA_| _Peripheralinc = DMA_Peripheralinc_Disable;
DMA_[nitStructure. DMA_Memoryinc = DMA_Memoryinc_Enable;
DMA_InitStructure. DMA_PeripheralDataSize = DMA_PeripheralDataSize_Byte;
DMA_InitStmcb.luDMA MemoryDataSize = DMA_MemoryDataSize_Byte;

DMA_InitStructure.DMA_Mode = DMA_Mode_MNormal;

DMA_InitStructure.DMA_Priority = DMA_Priority_High;
DMA_InitStructure. DMA_M2M = DMA_M2M_Disable;
DMA_Init(DMA1_Channel7, &DMA_InitStructure);
DMA_Delnit(DMA1_Channel6);

DMA_InitStructure. DMA_PeripheralBaseAddr = (u32)l.U5ART2->DR
m InitStructure, DMA_MemoryBaseAddr = (u32)8
InitStructure. DMA_DIR = DMA_DIR_PeripheralSRC;

DMA InitStructure. DMA, Merrmylnc=DMA Memoryinc_Disable;
DMA_InitStructure. DMA_BufferSize = 1;

DMA_InitStructure. DMA_Mode = DMA_Mode_Circular;
DMA_Init(DMA1_Channel6, &DMA_InitStructure);
DMA_ITConfig{DMA1_Channeid, DMA_IT_TC,ENABLEY;
DMA_Cmd(DMA1_Channel1, ENABLE);
DMA_Cmd(DMA1_Channei7, ENABLE);
DMA_Cmd(DMA1_Channei6, ENABLE); }

SampleTime,

lIIIIIIIIII

o v a o o
4.6 IAnlusunsuvessaafesinghuAun 2

#include "stm32f10x_lib.h"

#include "string.h"

TIM_TimeBaselnitTypeDef TIM_TimeBaseStructure;

TIM_OCinitTypeDef TIM_OCintStructure,

DMA_InitTypeDef DMA_InitStructure;

NVIC_InitTypeDef NVIC_InitStructure;

#define ADC1_DR_Address ((u32)0x4001244C)

vu16 ADC_Read[7];

uB TxBuffer{100] = "ZZZZZ\An",

vu8 RxMessage{2] = (G};

unsigned int choice = 0;

unsigned int roundA = 0;

unsigned int silo = 0;

unsigned int ready = 0;

void RCC_ (void);

void GP1O_Setup(void);

void TIM2_Setup(void);

void TIM4_Setup(void);

void USART1_Setup(void);

void DMA_Setup(void);

void NVIC_Setup(void);

void USART2_Setup(void);

void ADC_Setup{void);

void delay(unsigned long ms) {
volatile unsigned long i j;

MemoryDataSize = DMA_MemoryDataSize_HalfWord;

I/ Configure the USART2
USART_DMACmA(USART2,USART_DMAReq_Rx | USART_DMAReq_Tx,ENABLE);
} il Enable USART2

#l ADC Setup 5 optical Sensor

A _,SarnpleTurne 13Cycles5);
, ADC_SampleTime_13Cycles5);
_SampleTime_13CyclesS);
DC_SampleTime_13Cycles5);
_13Cycles5);

/i DMA Channel 1 for ADC

It DMA Channel 7 for USART2 Transmits

/I DMA Channel 6 for USART2 Recieve

# Include hex file

Il Address of ADC to connect DMA
HADC7 ea

/1 Delay Function 1 ms for each loop



81

for(i=0; i<ms; i++)

for(j=0; j<5525; j++); }

int usart1_getc() { /I Function recieve character
while(USART_GetFlagStatus(USART1,USART_FLAG_RXNE)==RESET); 1 Wait untill receive data
retum({UUSART_ReceiveData(USART1)); } // Retum charracter

void usart1_putc(unsigned char c) { 1l Function transmit charactor
while(USART_GetFlagStatus(USART1,USART_FLAG_TXE)==RESET); # Wait untill transmittion ready
USART_SendData(USART1,(int)c), } /I Send Charracter

void usart1_puts(unsigned char *s) { /f Function transmit string
while(*s) 1/ Check end of String

usarti_putc(*s++); }} /f Send charracter 1 time
int usart2_puts(unsigned char *s) { /I Function transmit charractor with DMA module

while(DMA_GetFlagStatus(DMA1_FLAG_TC7) == RESET);
DMA_Cmd(DMA1_Channel7 DISABLE);

strepy(TxBuffer,s);

DMA_Delnit(DMA1_Channel7); 1/ DMA Channel 7
DMA_InitStructure.DMA_PeripheralBaseAddr = (u32)&USART2->DR;
DMA_InitStructure. DMA_MemoryBaseAddr = (u32)TxBuffer;
DMA_InitStructure.DMA_DIR = DMA_DIR_PeripheralDST;

DMA_InitStructure. DMA_BufferSize = strien(TxBuffer);

DMA_InitStructure. DMA_Peripheralinc = DMA_Peripheralinc_Disable;
DMA_InitStructure.DMA_Memoryinc = DMA_Memoryinc_Enable;
DMA_lnitStructure. DMA_PeripheralDataSize = DMA_PeripheralDataSize_Byte;
DMA_InitStructure.DMA_MemoryDataSize = DMA_MemoryDataSize_Byte;
DMA InitStructure.DMA_Mode = DMA_Mode_Normal;

DMA_InitStructure. DMA_Priority = DMA_Priority_VeryHigh;

DMA_| _ InitStructure. DMA_M2M = DMA_M2M_Disable;
DMA_Init{DMA1_Channel7, &DMA_InitStructure):
DMA_Cmd(DMA1_Channei7, ENABLE); }

int DMAChannelé_IRQHandler() # Function recieve charractor interupt with DMA

rr(DMA_,GutFlaqStahJs{DMm_!T‘TCS)nSET) {
if(RxMessage[0]=="a {
choice -1
delay(100);
if(RxMessage[0]=="b")
roundA = 1;
delay(100);
rf(RxMessaceEU] c') A
delay{ 100);
if(RxMessage{0]=="d’)
silo=1;
delay(100),
if(RxMessage[0]=="¢)
silo=2;
delay(100);
if(RxMessage({0]=='g)
ready = 1;

i e T T D

delay(100); }
DMA_CleariTPendingBit(DMA1_IT_TCB); }}

void Forward(int a,intb)  { 1/ Speed Motor Wheel in 2 direction
/f Forward

rf((”ﬂ)&ﬂ-('f’"i‘)) {

GPIO_WriteBit(GPIOB,GPIO_Pin_10,0);
GPIO_WriteBit(GPIOB,GPIO_Pin_11,1);
GPIO_WriteBI{(GPIOR GPIO_Pin_12,0);
GPIO_WriteBit(GPIOB,GPIO_Pin_13,1);
TIM_OCInitStructure. TIM Oulputsm TiM_OutputState_Enable;
TIM_OClnitStructure. TIM_Pulse = a;
TIM_OC3Init(TIM4, &TIM_OCInitStructure);
TIM_OC3PreloadConfig(TIM4, TIM_OCPreload_Enabie);
TIM_OClnitStructure. TIM_OutputState = TIM_CutputState_Enabie;
TIM_OCInitStructure. TIM_Pulse = b;
TIM_OC4Init(TIM4, &TIM_OCInitStructure);

OC4PreloadConfig(TIM4, TIM_OCPreload_Enable); }

TIM_
else if((a<0)&&(b>0)) {
a=-a I Left

GPIO_WriteBA(GPIOB,GPIO_Pin_10,0);

GPIO_WriteBit(GPIOB,GPIO_Pin_11,1);

GPIO_WriteBit(GPIOB,GPIO_Pin_12,1);

GPIO_WriteBit(GPIOB,GPIO_Pin_13,0);

TIM_OCInitStructure. TIM_OutputState = TIM_OutputState_Enable;

TIM_OCInitStructure. TIM_Pulse = a;

TiM_OC3Init(TIM4, &TIM_OCnitStructure);

TIM_OC3PreloadConfig(TIM4, TIM_OCPreload_Enable);

TIM_CClnitStructure. TIM_OutputState = TIM_OutputState_Enable;

TIM_OCInitStructure. TIM_Pulse = b;

TIM_OCAInit(TIM4, &TIM_OCInitStructure);

TIM_OC4PreloadConfig(TiM4, TIM_OCPreload_Enable); }
else H((Pﬂ}&&(b':u)) {

GFIO )_WriteBit(GPIOB,GPIO_Pin_10,1);
GPIO_WriteBit(GPIOB,GPIO_Pin_11,0);
GPIO_WriteBit(GPIOB,GPIO_Pin_12,0);
GPIO_WriteBit(GPIOB,GPIO_Pin_13,1);

TIM_OCInitStructure. TIM, Outpuistala TIM_OQutputState_Enabie;
T!M OCinitStructure. TIM_Pulse = a;

M_OC3Init(TIM4, &TIM_CCInitStructure);

TIM OC3PreloadConfig(TIM4, TIM_OCPreload_Enabie);
TIM_OCInitStructure. TIM Outpul‘..Sta’te TIM_OutputState_Enable;
TIM_OCInitStructure. TIM_Pulse = b;

TIM_OCAInit(TIM4, TIM_ |_OCInitStructure),

TIM, OCJPMOIdConﬁQ(TIM&. TIM_OCPreload_Enable); B

/Right

I

void Clear(void) { # Stop motion

unsigned inta=0;

unsigned intb = 0;

GPIO_WriteBit(GPIOB,GPIO_Pin_10,1);
GPIO_WiriteBit(GPIOB,GPIO_Pin_11,0);
GPIO_WriteBit(GPIOB,GPIO_Pin_12,1);
GPIO_WriteBit(GPIOB,GPIO_Pin_13,0);

TIM_OCInitStructure. TIM_OutputState = TIM_OutputState_Enable;
TIM_OCInitStructure. TIM_Pulse = a;
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TIM_OC3Init(TIM4, &TIM_OCInitStructure);
TIM_OC3PreloadConfig(TIM4, TIM_OCPreload_Enable);
TIM_OCInitStructure. TIM_OutputState = TIM_OutputState_Enable;
TIM_OCInitStructure. TIM_Pulse = b;
TIM_OC4Init(TIM4, &TIM_OCInitStructure);
TIM OC4PreI'oadConﬁg(TlM4 TIM_OCPreload_Enable), }
int Check_Position(void) { /I Check Position of 7 Optical Sensor
unsigned int i=0;
if((ADC_Read[3]>900)&&(ADC_Read[4]>900)2&(ADC_Read[5]>900)&&(ADC_Read[6]>900)&&(ADC_Read[0]>900)) / 4Cross
i=10;
else if((ADC_| Reaﬂ[3]>900)&&(ADC Read[4]>900)&&(ADC_Read[5]>800)) 1/ 3Cross

else if((ADC_| Reaﬂ{5]>900)&&(ADC Read[6]>900)&&(ADC_Read[0]>800)) 11 3Cross

else if((ADC_| Rec:dia]>900)&&(ADC Read[4]>900)) 1/ Sensor 1,2 On
else if((ADC_| RendﬁO]>900)&&(ADC Read[4]>900)) I/ Sensor 2,3 On
else if((ADC_| Re&d[ﬂPBOONCADC Read[6]>900)) Ml Sensor 3,4 On
else if((ADC_ iRoad[D]:QOO}&&(ADC Read][6]>900)) 1i Sensor 4,5 On
else if(ADC_| Read[3]>900) 1l Sensor 1 On
else if(ADC_| I;aa;[4]>900) Il Sensor 2 On
else if(ADC_| Real:!z[ﬁv]’QDO) ! Sensor 4 On

else if(ADC_Read[0]>900) / Sensor 5 On
i=-4;
else if(ADC Raad[5]>9(l]} # Sensor 3 On

return i; }
int Transfer(unsigned int k) { 1l Function transfer hex data to dec data (0-9)

if(k==0x30)
if(k==0x31)
if(k==0x32)

if(k==0x33)

k=3;
if(k==0x34)

k=4;
if(k==0x35)

k=5;
if(k==0x36)

k=6;
if(k==Dx37)

k=7,
if(k==0x38)

k=8,
if(k==0x39)

k=9,
else

k=k;
retum k; }

int inTransfer(unsigned int k) { 1 Function transfer dec data to hex data (0-9)

if(k==0)

k = 0x30;
if(k==1}

k= 0x31;
if(k==2)

if(k==3)
i(k==4)

k= 0x32;

if(k==5)
if(k==6)
i(k==T)
if(k==8)
if(k==89)
else

retumn k; }
int Show(unsigned long i) { /I Function for read ADC with USART1
intab,c.d;
if(i>=1000) {
a=iM1000;
b = (i-(a*1000))/100;
© = (i-((a*1000)+(b*100)))/10;
d = (i((a*1000)+(b*100)+c™1O)1;  }
else if((1000>1)&&(i>=100)) {
a=0;

b =i100;

¢ = (i-{b*100)/10;

d = (iH{(b*100)+(c*10))1; }
else H((1DU>I)&&(|0>=10)) {

a=0;

b=0;

c=iMg;

d = (Hc*10))/1;
else if((10>)8&(i>=0))  {

a=0;

b=0;



c=0;

d=i; }
a = inTransfer(a);
b = inTransfer(b);
¢ =inTransfer(c);
d = inTransfer(d);
usarti_putc(a);
usart1_putc(b);
usart1_pute(c);
usarti_putc(d); }

void TIM2_IRQHandler(void)

int main(void)

while (1)

{
if (TIM_GetiTStatus(TIM2, TIM_IT_CC1) != RESET) {
TIM_Clearl TPendingBit(TIM2, TIM_IT_CC1),
previous_error = setpoint - actual_position;
integral = 0;
errorr = setpoint - actual_position;
integral = integral + (errorr*11);
derivative = (errorr - previous_emor)/11;
output = (Kp*emrorr) + (Ki*integral) + (Kd*derivative);
previous_eror = emorr,  J}

{
unsigned int CCR3_Val = 0;
unsigned int CCR4_Val = 0;
unsigned int cross = 0;
unsigned int z=0,
int setpoint = 0;
int previous_eror = 0;
int actual_position = 0;
int integral = 0;
float derivative = 0;
int errorr = 0;
int Kp=100,Ki=5,Kd=0;
float output = 0;
int pwm1 = 0,pwm2 = 0;
RCC_Setup();
GPIO_Setup();
USART1_Setup();
NVIC_Setup();
ADC_Setup();
DMA_Setup();
USART2_Setup();
TIM4_Setup();
TIM2_Setup();
Show(ADC_Read[0]);
usart1_puts("vin");
Show(ADC Readm),

Show{ADC_ Raad[al),
usart1_puts("\in");
Show(ADC._| Resd[d[)
usart1 n'");
Show(ADC_Read]5]);
ueart]_puts("v\n'");
Show(ADC_Read]6]);
usart1_puts("An");
usart1_puts(\\n"); */

{
ﬁ((dmna!ﬂ)&&(mundmsom(mbm» {
ition = iti
lf(actual |_position > 9) {
actual_position = 0;
Cross = cross +1;
Clear();
delay(100);
if(sto=1) {
if(cross == 1) {}
else ifcross == 2) {}
else if(cross == 3) {}
else if(cross == 4) {}}
if(silo==2) {
fiicross ==1) {

do {
Forward(700,700);
delay(10);
Jwhile(ADC_Read(2]<700);
Clear();

delay(100);
do {

Forward(700,-700);

delay(10);
Jwhile(ADC_Read[0]<700);
do

{

Forward(700,-700);

delay(10);
Jwhile(ADC_Read[6]<700);
do

{
Forward(700,-700);
delay(10);,
Jwhile(ADC_Read[5]<700);  }
else if(cross = 2) {
do

{

Forward(700,700);
delay(10);

Jwhile(ADC_Read{1]<700);

Clear();

delay(100);

do

{
Forward(-700,700);
delay(10);

83

1 TIM2 Interupt PID Control

I/ Function Main

 Initial Kp,Ki,Kd

/ Infinity Loop

/' Wait untill recieve data completely
// Recieve Position of Optical Sensor
1I1'if found 4Cross

/I Count Cross
I Stop

/i Delay 100 ms
i ¥ go to silo 1

1 if goto Silo 2
#f Found first Cross

1/ Forward 70% duty cycle

#/ Delay 10 ms

1 Wait untill Sensor right at wheel found the line
1 Stop

/ Delay 100 ms

1/ Turn left with 70% duty cycle
# Delay 10 ms
I/ Wait untill Sensor5 at the front of car found the line

11 Tum left with 70% duty cycle
// Delay 10 ms
1! Wait untill Sensor4 at the front of car found the line

1l Tum left with 70% duty cycle
I/ Delay 10 ms
/I Wait untill Sensor3 at the front of car found the line
1 Found Sencond Cross

Il Forward 70% duty cycle

1/l Delay 10 ms

I wait untill Sensor left at wheel found the line
1 Stap

Il Delay 100 ms

# Tum Right with 70% duty cycle
/ Delay 10 ms



mile(ADc_Read[swoo):
Fotwand( -700,700);
delay(10);
]whl(le(ADC ,_Read[4]<700);
Forward(-700,700)
10);

Jwhile(ADC_Read[4]<700);
else if(cross == 3) {
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Jl wait untill Sensor1 at the front of car found the line

/I Tum Right with 70% duty cycle
Il Delay 10 ms
1/ wait untill Sensor2 at the front of car found the line

/ Tum Right with 70% duty cycle
I/ Delay 10 ms.
11 wait untill Sensor3 at the front of car found the line

Forward(700, 700) 1l Forward 70% duty cycle
delay(10 1/l Delay 10 ms
Jwhile(ADC_ Rud[2]<700) 1/ wait untill Sensor right at wheel found the line
Clear(); Il Stop
delay(100); Il Delay 100 ms
do {
Forward(700,-700); 1 Tum left with 70% duty cycle
delay(10); 1l Delay 10 ms
Jwhile(ADC_Read[0]<700); 11 Wait until Sensor5 at the front of car found the line
do
Forward(TOO -700); 11 Tum left with 70% duty cycle
delay(10 I/ Delay 10 ms
}whlle(ADC Readi6]<700) 1/ Wait until Sensor4 at the front of car found the line
do {
Forward(700,-700); # Tum left with 70% duty cycle
delay(10); I/ Delay 10 ms
Jwhile(ADC_Read[5]<700); } // Wait untill Sensor3 at the front of car found the line
else if(cross == 4) {
Clear();
delay(5000); }
else if(cross == 5) {
do
Forward(700,700); I Forward 70% duty cycle
delay(10); I Delay 10 ms
}wruia{ADC Raad[2]<700). 1/ Wait until Sensor right at wheel found the line
Clear();
delay(’mﬂ) if Delay 100 ms
do {
Forward(700,-700); 1/ Tum left with 70% duty cycle
delay(10); il Delay 10 ms
Jwhile(ADC_Read[0]<700); # Wait until Sensor5 at the front of car found the line
do {
Forward(700,-700); I Tum left with 70% duty cycle
delay(10); 1l Delay 10 ms
}whin(ADc_Raad{sic?oo); 11 Wait untill Sensor4 at the front of car found the line
do {
Forwaru(TDO -700); #f Tum left with 70% duty cycle
/ Delay 10 ms

delay(10
Jwhile(ADC_| Rud[5]<700)
else if(cross ==6) {}
else if(cross == 7) {}
else if(cross == 8) {
do {
Forward(700,700);

delay(10);
MIQ(ADC Read[2]<700);

}M‘ME(ADC Raad[U|<TDD)

do {

Forward(700,-700);

delay(10);
Mﬁ(b{ADC_Rem]‘TDD}‘.
do

Forward(700,-700);
delay(10);

Jwhile(ADC_Read[5]<700);

else if(cross == 0) {
Clear();
delay(5000); }

else if(cross == 10) {}

else if(cross == 11) {

do {
Forward(700,700);
delay(10);

Iwhile(ADC_Read[2]<700);

Clear();
delay(100);
do

{

Forward(700,-700);

delay(10);
]-Mule(ADC Read[0]<700);

Forward(700,-700);
delay(10);
]whda(ADC Read[6]<700);

Forward(700,-700);
delay(10);
Jwhile(ADC_Read(5]<700);
else if(cross == 12) {
while(1); 1}

if(output==0)

Forward(1000,1000);
else if(output>0) {

pwm1 = 1000 - output;

}

}

1/ Wait untill Sensor3 at the front of car found the line

If Forward 70% duty cycle

I/ Delay 10 ms

// Wait untill Sensor right at wheel found the line
1l Stop

/! Delay 100 ms

# Turm left with 70% duty cycle
#/ Delay 10 ms
# Wait untill Sensor5 at the front of car found the line

# Tum left with 70% duty cycle
1/ Delay 10 ms.
11 Wait untill Sensor4 at the front of car found the line

// Tumn left with 70% duty cycle
/f Delay 10 ms
# Wait untill Sensor3 at the front of car found the line

1 Forward 70% duty cycle

# Delay 10 ms

11 Wait untill Sensor right at wheel found the line
 Stop

# Delay 100 ms

1/ Turn left with 70% duty cycle
I/ Delay 10 ms
1 Wait untill Sensor5 at the front of car found the line

Il Tumn left with 70% duty cycle
1/ Delay 10 ms
/I Wait untill Sensor4 at the front of car found the line
I Tum left with 70% duty cycle

il Delay 10 ms
I Wait untill Sensor3 at the front of car found the line

! Forward

Il Left
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if(pwm1<201) {
pwm1=-200; }
Forward(1000,pwm1); }
else if(output<Q) { 1 Right
pwm2 = 1000 + output;
if(pwm2<201)
pwm2=-200; }
Forward(pwmz2, 1000); }
delay(10);
Clear(); n
void RCC_Setup(void) { /I RCC Setup
Errc 15 HSEStartUp 7
RCC_Delnit();

RCC_HSEConfig(RCC_HSE_ON);

HSEStartUpStatus = RCC_WaitForHSEStartUp();

if (HSEStartUpStatus == SUCCESS)
FLASH_PrefetchBufferCmd(FLASH_PrefetchBuffer_Enable);
FLASH_SetlLatency(FLASH_Latency_2);
RCC_HCLKConfig(RCC_SYSCLK_Div1);
RCC_PCLK2Config(RCC_HCLK_Div1);
RCC_PCLK1Config(RCC_HCLK_Div4);
RCC_PLLConfig{RCC_PLLSource_HSE_Div1, RCC_PLLMul_8);
RCC_PLLCmd(ENABLE);
while (RCC_GetFlagStatus(RCC_FLAG_PLLRDY) == RESET);
RCC_SYSCLKConfig(RCC_SYSCLKSource_PLLCLK);
while (RCC_GetSYSCLKSource() |= 0x08); }
RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIOA | RCC_APB2Periph_GPIOB | RCC_APB2Periph_GPIOC |

RCC_APB2Periph_AFIO, ENABLE), }

void GPIO_Setup(void) { 11 GPIO Setup
GPIO_InitTypeDef GPIO_InitStructure;
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_8 | GPIO_Pin_9; 1/ Enable Motor

GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF_PP;
GPIO_InitStructure GPIO_Speed = GPIO_Speed_50MHz;
GPIO_Init(GPIOB, &GPIO_InitStructure);
GPIO_InitStructure. GPIO_Pin = GPIO_Pin 1DjGPIO Pm 11 | GPIO_Pin_12 | GPIO_Pin_13; /f Direction Drive
GPIO_InitStructure. GPIO_Speed = GPIO_Speed_50!
GPIO_InitStructure. GPIO_Mode = GPIO_Mode_Out_| PP
GPIO_Init(GPIOB,&GPIO_InitStructure);
GPIO_InitStructure. GPIO_Pin = GPIO_Pin_5 | GPIO_Pin_6 ; N Direction Feed
GPIO_InitStructure, GPIO_Speed = GFIO_Speed_S0MHz;
GPIO_InitStructure GPIO_Mode = GPIO_Mode_Out_PP;
GPIO_Init{GPIOC, SGPIO_ _InitStructure);
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_0 | GPIO_Pin 1}GPIO Pin_2 |GPIO_Pin_3 |GPIO_Pin_4 ; // Optical Sensor
GPIO_InitStructure.GPIO_S =GPIO_Speed_! 5OM
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AIN
GPIO_Init(GPIOC, &GPIO_ )_InitStructure);
GPIO, lnnSm:cb.nGP!O Pin = GPIO_Pin_0 | GPIO_Pin_1 ; 1 Sensor at the wheel
.GP. = ) Speed_SOMHz,
GPIO_InitStructure. GPIO_Mode = GPIO_Mode_AIN;
GPIO_Init(GPIOB, &GPIO_ )_InitStructure);
GPIO_InitStructure. GPIO_Pin = GPIO_Pin_9;
GPIO_InitStructure. GPIO_ )_Speed = GPIO, Spoed 50MHz;
GPIO_InitStructure. GPIO_Mode = GPIO_Mode_AF_PP;
GPIO_Init(GPIOA, &GPIO_initStructure);
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_10;
GPIO_InitStructure. GPIO Mode = GPIO Mode_IN_FLOATING;
GPIO_| )_Init(GPIOA, &GPIO_InitStructure);
GPIO_InitStructure. GPIO_Pin = GPIO_Pin_2;
GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;
GPIO_InitStructure.GPIO_Made = GPIO_Mode_AF_PF;
GPIO_Init(GPIOA, &GPIO_InitStructure);
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_3;
GPIO InitStructure. GP10 Mode = GFIO Mode IN_FLOATING;
GPIO_Init(GPIOA,&GPIO_lInitStructure);
void TIM2_Setup(void)  { 1l TIM2 Setup for PID Control
RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM2, ENABLE),
TIM_TimeBaseStructure. TIM_Period = 9999;
TIM_TimeBaseStructure. TIM_Prescaler = 72;
TIM_TimeBaseStructure. TIM_ |_ClockDivision =TIM_CKD_DIV1;
TIM_TimeBaseStructure . TIM_CounterMode = TIM_CounterMode_Up;
TIM_TimeBaselnit(TIM2, &TIM TrneBueSlludum)
TIM_ARRPreloadConfig(TiM2, ENABLE);
TIM_Cmd(TIM2, ENABLE); }
void TIM4_Setup(void)  { 11 TIM4 Setup for PWM motor
RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM4, ENABLE);
TIM_TimeBaseStructure. TIM_Period = 989;
TIM_TimeBaseStructure. TIM Prescaler = 0;
TIM_TimeBaseStructure. TIM_ClockDivision = 0;
TIM ﬂmBasaSh'ucumTIM CounterMode = TIM_CounterMode_Up;
TIM_TimeBaselnit(TIM4, &TIM |_TimeBaseStructure);
TIM_OCInitStructure. TIM_OCMode = TIM_OCMode_PWM1;
TIM_OCInitStructure. TIM_OCPolarity = TIM_OCPolarity_High;
TIM_ARRPreloadConfig(TIM4, ENABLE);

3
%
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TIM_Cmd(TIM4, ENABLE); }
void USART1_Setup(void)  { 1/ USART 1 Setup

USART_InitTypeDef USART_InitStructure;

RCC_APB2PeriphClockCmd(RCC_APB2Periph_USART1,ENABLE); 1 Enable USART1 Clock

USART_InitStructure. USART_BaudRate = 9600; I/ Baudrate 9600

USART_InitStructure. USART_\ "_WordLength = USART_WordLength_8b; 1/ Data 8 Bits

USART_InitStructure. USART_StopBits = USART_StopBits_1; 111 Bit Stop

USART_InitStructure. USART_Parity = USART_Parity_No; I/ Parity none

USART_InitStructure. USART_HardwareFlowControl = USART_HardwareFlowControl_None;
USART_InitStructure. USART_Mode = USART_Mode_Rx | USART_Mode_Tx;

USART_Init(USART1,8USART_InitStructure); Il Configure the USART1
USART_Cmd(USART1,ENABLE); }
void NVIC_Setup() { I/ Set TIM2 Interupt and DMA interupt

NVIC_InitTypeDef NVIC_InitStructure;

NVIC_ PriorityGroupConfig{NVIC_PriorityGroup_2);

NVIC_InitStructure. NVIC_| IRQChannel = DMA1_ _Channel6_IRQChannel; # DMA interupt
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0;
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NVIC_InitStructure. NVIC_IRQChannelSubPriority = 0;

NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

NVIC_InitStructure. NVIC IRQChannel = TIM2_IRQChannel; 11 TIM2 interupt
NVIC_InitStructure. NVIC_IRQChannelPreemptionPriority = 0;
NVIC_InitStructure.NVIC_IRQChannelSubPriority = 1;

NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

NVIC_Init(&NVIC_InitStructure); }

1

void USART2_Setup(void) | i USART2 DMa function
USART_InitTypeDef USART_InitStructure;
RCC_APB1PeriphClockCmd(RCC_APB1Periph_USARTZ, ENABLE); i1 Enable USARTZ Clock
USART_InitStructure. USART_BaudRate = 9600; 11 USART2 configured

USART InitStructure. USART_ _WordLength = USART_WordLength_8b

USART_InitStructure. USART_StopBits = USART_StopBits_1;

USART_InitStructure. USART_Parity = USART_Parity_No;

USART_InitStructure. USART_HardwareFlowControl = USART_HardwareFlowControl_None;
USART_InitStructure. USART Mode = USART_Mode. RxlUSART Mode_Tx;

USART_Init(USART2,&USART_InitStructure); 1/ Configure the USART2
USART_DMACMA(USART2,USART_DMAReq_Rx | USART_DMAReq_Tx,ENABLE);
USART_Cmd(USART2,ENABLE):  } /i Enable USART2

void ADC_Setup(void) { 11 ADC Setup for 7 sensor

ADC_InitTypeDef ADC_InitStructure;
RCC_APB2PeriphClockCmd(RCC_APB2Periph_ADC1,ENABLE);
ADC_InitStructure. ADC_ContinuousConvMode = ENABLE;
ADC_InitStructure. ADC_DataAlign = ADC_DataAlign_Right,
ADC_InitStructure. ADC_ExternalTrigConv = ADC_ExternalTrigConv_None;
ADC_|InitStructure. ADC_Mode = ADC_Mode_Independent,
ADC_lnitStructure. ADC NbrOfChannal=7

ADC_InitStructure. ADC_ScanConvMode = ENABLE;

ADC_Init(ADC1, &ADC_|nitStructure);

)

)
)

I
)

ADC_RegularChannelConfig(ADC1, ADC_Channel_10, 1, ADC_SampleTime_13CyclesS);
ADC_RegularChannelConfig(ADC1, ADC_Channel_11, 2, ADC_SampleTime_13Cycles5);
ADC_RegularChannelConfig{ADC1, ADC_Channel_12, 3, ADC_SampleTime_13Cycless);
ADC_RegularChannelConfig(ADC1, ADC_Channel_13, 4, ADC_SampleTime_13Cycles5);
ADC_RegularChannelConfig(ADC1, ADC_Channel_14, 5, ADC_SampleTime_13Cycles5);

ADC_RegutarChannelConfig(ADC1, ADC Channel 8 6, ADC_SampleTime_13Cycles5);
ADC_RegularChannelConfig(ADC1, ADC_Channel_9, 7, ADC_SampleTime_13Cycles5);
ADC_Cmd(ADC1, ENABLE);
ADC_DMACmd(ADC1, ENABLE);
ADC_ResetCalibration(ADC1);
while(ADC_GetResetCalibrationStatus(ADC1));
ADC_StartCalibration(ADC1);
while(ADC_GetCalibrationStatus(ADC1));
ADC_SoftwareStartConvCmd(ADC1,ENABLE); 3

void DMA_Setup(void)  {
RCC_AHBPeriphClockCmd(RCC_AHBPeriph_DMA1,ENABLE);
DMA_Delnit(DMA1_Channel1); 1/ DMA Channel 1 for ADC
DMA_InitStructure. DMA_PeripheralBaseAddr = (u32)&ADC1->DR;
DMA_InitStructure. DMA_MemoryBaseAddr = (u32)&ADC_Read;
DMA_InitStructure.DMA_DIR = DMA_DIR_PeripheralSRC;
DMA_InitStructure.| DMA BufferSize = 5;
DMA_nitStructure. DMA_Peripheralinc = DMA_Peripheralinc_Disable;
DMA_InitStructure. DMA_Memorylnc = DMA_Memoryinc_Enable;
DMA_InitStructure. DMA_MemoryDataSize = DMA_MemoryDataSize_HalfWord;
DMA_InitStructure. DMA_Mode = DMA_Mode_Circular;
DMA_InitStructure.DMA_Priority = DMA_Priority_VeryHigh;
DMA InitShucmraDMA M2M = DMA_M2M_Disable;
DMA_Init(DMA1_ Channa" &DMA InliStruc'lure)
DMA_Delnit(DMA1_Channel7); Il DMA Channel 7 for USART2 Transmits
DMA_InitStructure. DMA_PeripheralBaseAddr = (u32)&USART2->DR;
DMA_InitStructure. DMA_MemoryBaseAddr = (u32)&TxBuffer;
DMA_InitStructure. DMA_DIR = DMA_DIR_PeripheralDST;
DMA_InitStructure. DMA_BufferSize = strien(TxBuffer);
DMA_InitStructure. DMA_Peripheralinc = DMA_Peripheralinc_Disable;
DMA_InitStructure.DMA_Memoryinc = DMA_Memoryinc_Enable;
DMA_InitStructure. DMA_PeripheralDataSize = DMA_PeripheralDataSize_Byte;
DMA_InitStructurs, DMA_MemoryDataSize = DMA_MemoryDataSize_Byte;
DMA_InitStructure. DMA_Mode = DMA_Mode_Normal;
DMA_InitStructure.DMA_Priority = DMA_Priority_High;
DMA InitStructure. DMA_M2M = DMA_M2M_Disable;
DMA _Init(DMA1_Channel?, 8DMA_InitStructure);

DMA_Delnit{DMA1_Channei6); I/ DMA Channel 6 for USART2 Recieve
DMA_InitStructure. DMA_PeripheralBaseAddr = (lﬁZ)&USART2—>DR
DMA_IN:chm DMA_MemoryBaseAddr = (u32)&

DMA_InitStructure. DMA_DIR = DMA_DIR_PeripheralSRC;
DMA_InitStructure. DMA_Memorylnc = DMA_Memorylnc_Disable;
DMA_InitStructure.DMA_BufferSize = 1;

DMA_InitStructure. DMA_Mode = DMA_Mode_Circular;
DMA_Init(DMA1_Channel6, &DMA_InitStructure);
DMA_ITConfig(DMA1_Channel6,DMA_IT_TC ENABLE);
DMA_Cmd(DMA1_Channelt, ENABLE);
DMA_Cmd(DMA1_Channel7, ENABLE);
DMA_Cmd(DMA1_Channel6, ENABLE); }

U o e ol |l e )
|I|l|||||
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A.1 lenarsgilantsldeululasaoulnsaiaas ARM STM32F103RET6

[S74

STM32F103xC STM32F103xD

STM32F103xE

High-density performance line ARM-based 32-bit MCU with 256 to
512KB Flash, USB, CAN, 11 timers, 3 ADCs, 13 communication interfaces

Features

= Cora: ARM 32-bit Cortex'™-M3 CPU
- 72 MHz maximum froquency,
1,26 DMIPS/MHz (Dhrystena 2.1)
performance at 0 wait state memory
nccoss

= 8Single-cyclo muttiplication and hardware
division
= Memories
~ 266 to 512 Kbytes of Flash memory
= up to 64 Kbyles of SRAM
= Flexible static memory controlier with 4
Chip Select. Supports Compact Flash,
SRAM, PSRAM, NOR and NAND memories
= LCD parallel interlace, BOBO/BBO0 modes
& Clock, reset and supply management
- 2.0103.6 V application supply and 1/Os
= POR, PDR, and programmable voltage
detector (PVD)
= 41016 MHz crystal osclilator
Internal 8 MHz factory-trimmed AC
Internal 40 kHz RC with calibration
= 32 kHz oaclllator for RTC with calibration
A Low power
= Sloap, Stop and Standby mades
= Vpar supply for RTC und backup reglsters
® 3% 12:bit, 1 8 A/D converters (up to 21
channals)
= Conversion range: 010 3.6 V
= Triple-sample and hold capabllity
~ Temperature sensor
2 % 12-bit D/A converters
= DMA: 12-channel DMA controllgr
= Supported peripherals: imers, ADCs, DAC,
8DIO, °Ss, SPls, °Cs and USAHTs

= Debug mode

WLCSPod .
LFBOA100 10 x 10 mm
LFBOA144 10 x 10 mm

®»

LGFPg4 10 x 10 mm,
LQFP100 14 x 14 mm
LOFP144 20 x 20 thm

Table 1.

m Upto 112 fast /O ports —

= §1/80/112 1/0s, all mappable on 16
external Interrupt vectors and almost all
5 V-tolarant

m Upto 11 limers

= Up to four 16:bit imers, each with up to 4
1C/OC/PWM or pulse counter and
quadrature (incremental) encoder input
= 2 % 18-bit motor control PWM timers with
dead-time generation and emergency stop
= 2 x walchdog timers (Independent and
Window) i
~ BysTick timer: a 24-bit downcounter
= 2 x 16-bit basic timers to drive the DAC

& Up to 13 communication interfaces

~ Uplo 2 x I°C intarfaces (SMBus/PMBus)

= Upto & USARTSs (ISO 7816 interface, LIN,
1rOA capability, modem control)

= Up1to 3 8Pia (18 Mbiv/s), 2 with I?S
Interface multiplexed

= CAN interface (2.08 Active)

= USB 2.0 full speed imerfaco

= 8DIO imerace

® CRC calculation unit, 98-bit unique 1D
®m ECOPACK® packages

Device summary

Reference Part number

STM32F103RC STMAZF10aVC

STMAZF103C | grmazrioaze

STMI2F103RD STM3ZF103VD
STMA2F10300 | grpsaor10a20

= Serial wire dobug (SWD) & JTAG interfaces | = T [8TMA2F 109RE STM32F 103ZE
= Cortax-M3 Embaddod Trace Macroceli™ STMI2F103VE
April 2011 Doc ID 14611 Rev B 11130

www st com



STM32F103xC, STM32F103xD, STM32F103xE Electrical characteristics

52

3

Absolute maximum ratings

Stresses nbove the absolute maximum ratings listed in Table 7: Voltage characteristics,
Table 8: Current characteristics, and Table 9: Thermal characteristics may cause permanent
damage to the device. These are stress ratings only and functional operation of the davice
at these conditions s not implied. Exposure to maximum rating conditions for extended
periods may affect device reliabliity,

Table 7,  Voltage characteristics

Symbol Ratings Min Max Unit
[ External main supply voltage (including Vioa ; o
Vbﬂ'vﬂ! and VDD,H;I =03 4,0
V@ Input voltage on five volt folerant pin Vg = 0.3 Vop + 4.0 ¥
by Input voltage on any olhar pin Vs ~ 00 40
18V Variations between ditlerent Vi, power pins 850 oy
Vggx = Vgl | Variations between all the different ground pins 80
800 Section 5.3.12;
Vesom m’gmm QTR ool (rampn Dogy Absolute maximum ratings
(electrical sensitivity)

1. All main power (Vo V) and ground (Vgg, V) 8 must always be connecled (o the external power
wm.mérﬂmm.g (Vag, Vigual pin Y pow

2. Vyy, maximum must always be respected. Reler 1o Table 8: Current characteristics for the miximum
eliwod Ieciod current Lakies,

Table 8,  Current characteristics

Symbol Ratings Max, Unit
oo | Total current into o/ Vopa power lInes (source) ) 180
lyss Total current out of Vg oround lings (sink)!) 180
= Qutput eurrent sunk by any VO and control pin 25
Quitput current source by any /08 and control pin =28 mA
’ @ |!nected current on fiva voll tolerant pina(® -6/40
RN Injected current on any other pin'® +5
Zpgeny | Tolal injoctod current (sum of all /O and eontrol pins)®) %25

1. Al main power (Viyy, Visna) 40€ ground (Vay, V. 6 musl alvays be connecled 1o the exlernal power
Iumlv.lm (m.mr}“ [« (Vg Vissa) pin y pow

2. Negative injection dislurbs the analog performance of the device. See nole 3 below Table 62 on page 105,

3. Positive injection Is not mmbh on thase 1/Os, A negaliva injection Is induced by V yeVys. | must
nofvu.;' be axceeded. Reter lo Table 7: Voltage char:?:bdsng for the mulmmnblvlnwad a”m%ﬁh’ﬂa
values,

4. A positive injaction 18 induced by V, while & tive Injsction s induced by Vp«<Vyg. | st
M\Er' be ouulgldod. Refer to rﬁn'ﬁ-’vgﬂw cnaramc?aansncsnfor the maximum a w%‘mm W
valus,

6. Whan sevoral inputs dre subrmilod (0 a current injaction, the muximum g, my, 18 the absoiule sum of the
positive and negative injecied currents (Instanianoous values),

Doc ID 14611 Aev B 41130
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1.XBee/XBee PRO DigiMesh 2.4 OEM RF
Modules

The XBee/XBee-PRO DigiMesh 2.4 OEM KE Modules wete engineered to support the unique needs
of low-cost, low-power wireless sensor hetworks. The modules require minimal power and provide
reliable delivery of data between remote devices,

Key Features

Long-range Data Integrity

XBee
= Indoor/Urban: up to 100" (30 m)
= Qutdoaor fine-of-sight: up to 300" (100m)
= Transmit Power! 1| mw (0dBm)
= Receiver Sensitivity: <92 dBm

xBee-PRO
# Indoor/Urban: up to 300' (90 m)
= Outdoor line-of=sight: up to 1 mile (1600m)
» Transmit Power: 63mWw (18dBm) EIRP

= Recelver Sensitivity: <100 dBm (1% packet
ettot rate)

= RF Data Rate! 250,000 bps
Advanced Networking & Security
= Retrigs and Acknowledgements
= Self-routing, self-healing mesh networking
= DSSS (Direct Sequence Spread Spectrum)

Low Power
XBee
* TX Peak Current: 45mA
= RX Current: 50mA
= Sleep Current! <50uA
XBeg:PRO

o TX Peak Current: 250mA (150mA for
international variant)

s TX Peak Current (ARPSMA module only):
340mA (180maA for intertiational variant)

» RX Current: 55mA
= Sleep Current: <50uA
Easy-to-Use
= No configuration necessary for out-of
box RF communications

= AT and API Command Modes for
configuring module parameters

= Small form factor
= Extensive command set

* Free X-CTU Software
(Testing and configuration software)

Worldwide Acceptance
FCC Approval (USA) Refer to Appendix A [p63] for FCC Requirements.
Systems that contain XBee®/XBee-PRO RF Modules inherit Dl Certifications. F@
I5M (Industrial, Scientific & Medical) 2,4 GHz frequency band C €
Manufactured under 150 9001:2000 registered standards

XBee®/XBueePRO RF Modules #are optimized for use in the United States, Canade, Australla,
Israel, Japan, and Europe. Contact Digl for complete list of government agency approvals,
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Pin ﬁfgnalé

XBee/XBev PRO DigiMesh 24 RE Module Pin
Numbers

(top sides shown shields oi botton)

Table 301 Pin Asslgnments for the XBee/XBye PRO 24 DigiMesh Modules
(Low asserted signals are distinguished with a hotizontal line above signal name.)

1 vee B Powat Supply

2 bout Oulput UART Data Out

3 Oin 1 CONFIG Input UART Data n

4 DO8* Output Digital Culpul 8

5 1414 Inpul Moduin Resel (tese puise musl be al least 200 ns)
6 PWMo /RSS! Oulpul PWM Oulpul 0/ RX Sighal Strengih Indicalot

7 Pt Oulpul PYM Output 1

[] [resatved) . Do ot connect

] BYR/ ALEEP RG/ DI Input Pin Blenp Control Line or Digital Inpol

10 GND . Ground

1 ADAIDIOE Eilhet T Analog inpul 4 of Diglai 104

12 18 Joo? Either Ciear-lo-Bend Flow Control of Digial O 7
13 o/ TIEP Oulpul Module Status Indicalot

14 VREF Inpat Voilage Refetence ot AD inputs

15 Associate / ADS / DIOS Eitrer Associsted Indicalor, Analog Input § or Digitel 10 §
1 RT8  AD6 1 DI0S Either Requast-1o-Bend Fiow Contrs, Anaiog inpul 6 of Digia! 1O 6
17 ADY 1 DIO3 Either Anaiog Input 3 or Digtal 10 3

1% ADZ 1 D2 Eitter Anaiog input 2 of Diglal 10 2

1 A1/ 0101 Eiher Anaiog Inpul 1 of Diglal 10 1

20 ADO/ DIOO Eithet Anaiog Inpul 0 of Diglal 10 0

* Futictiont is tot supported at thie Gime of this release

Design Notes;
& Minimum connections: VEE, GND, DOUT & DIN
» Minimum connections for updating firmware: VCC, GND, DIN, DOUT, RTS & DTR
= Signal Direction is specified with respect to the module
» Module Includes a 50k 0 pull-up resistor attached to RESET
= Several of the input pull-ups can be configured using the PR command
= Unused pins should be left disconnected



A.3 lnssgiian1sidiusenaAdaivuives TCRT5000

TCRT5000(L)
Vishay Telefunken
Absolute Maximum Ratings
Input (Emitter)
Parameter Test Conditions Symbol Value unit
Reverse voltage Vi 5 v
Forward current Ig 60 mA
Forward surge current th 10 pA Irgm 3 A
Power dissipation Tamp  25°C Py 100 mw
Junction temperalure Ty 100 ‘C
Output (Detector)
Parameter Test Conditions _Symbol | Value Unit
Collector emitler vollage Veegs @ 70 v
Emitter collector voltage VEgo 5 \
Colleetor currant le | 100 mA
Powaer dissipation Tamp | 58°C Py | 100 mw
Junetion temperature Ty 100 c
Sensor
o amaey e 2%} Sgghiong 3 Symbol I “valie | unlt,
Total power dissipation Tamp | 26°C Pog el 200 mw
Operation temperature range Tamb =28 to +85 ‘c
Storage lemperature range Tag  —2510+100 ‘c
{ Soldering temperature 2 mm from case, t 105 Tad | 260 'C
wvew vishay com Document Number 83760
2(8) Rev. A4 03=Jui=00
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a.4 wnasgiiansldaulad L2930

(57 SGS-THOMSON L293D
Y/, ICROELECTRONICS L293DD

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

= 800mA OUTPUT CURRENT CAPABILITY
PER CHANNEL

n 1.2A PEAK OUTPUT CURRENT (non repeti-
tive) PER CHANNEL

» ENABLE FACILITY

= OVERTEMPERATURE PROTECTION

s LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

= INTERNAL CLAMP DIODES

DESCRIPTION

The Device is a monolithic integrated high volt-
age, high cumrent four channel driver designed to
accept standard DTL or TTL logic levels and drive
inductive loads (sueh as relays solenoides, DC
and stepping motors) and swilching power tran-
sistors.

To simplify use as two bridges each pair of chan-
nels is equi with an enable input, A separate
supply input is provided for the logic, allowing op-
eration at a lower voltage and internal clamp di-
odes are included.

This device is suitable for use in switching appli-
cations at frequencies up to 5 kHz.

S0(12+4+4) Powerdip (12+42+2)
ORDERING NUMBERS:
L2930D L2030

The L2930 is assembled in a 16 lead plastic
packaage which has 4 center pins connected to-
gether and used for heatsinking
The L293D0 is assembled in a 20 lead surface
mount which has B center pins connected to-
gether and used for heatsinking.

BLOCK DIAGRAM
ouT1 DUT3 Uas
13 Us 28
INT ) IN3
ENABLE1 ¢ > ENABLE2
IN2 ¢ ) IN4
4,5,6,7
18] 14.15.18.17
no2u29304-02 OUTZ OUTA4 4

June 1966




L293D - L293DD
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Supply Voliage 38 )
Vis Logic Supply Voltage 36 v
v Input Voltags 7 v
Van Enable Voltage 7 v
1, Peak Output Current (100 Cis non repelitive) 1.2 A
Piap Total Power Dissipation at Tyw, = 0 (0 4 W
Teg: T Storage and Junglion Temperature = 40 to 150 o
PIN CONNECTIONS (Tap view)
ENABLE | Vss
S
|EMABLE 1 CTJ 1 28 [T uss INPYTY INPLT 4
INPUT 1 (O] 2 19 [ INPUT 4
OUTPUT 1 (O 3 18 [T OUTPUT 4 ouTPUT) OUTRUT 4
4
GHD T 17 [IJ GND - GND
GND CI4 5 16 [TD GND
GND CT] 6 15 [ GND GNo GND
6ND OO 7 14 [T 6ND
OUTPUT 2 (T} 8 13 [T ouTPUT 3 ouTPUT2 ouTPUT 3
INPUT 2 [T} 9 12 [T INPUT 3 R
us 1] 18 11 [0 ENABLE 2 WPULY
HS2L29301-82 Vs EMASBLE 2
5.8374
SO(12+4+4) Powerdip{12+2+2)
THERMAL DATA
Symbol Decription _ DIP so Unit
R, (g Thermal Resistange dumstionpins max & 14 oW
Ry: jwmp Thermal Resistance junctien-ambient max B0 50 (%) om
R juase Thermal Resistance Junctionwase max 14 =

(% With 659, am on board heatsink,

2/

Gi m:qwmmr!m
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L78xx, L78xxC
L78xxAB, L78xxAC

Positive voltage regulator ICs

Datasheet — production data

Features

m Outputcurrentupto 1.5 A

= Ouiput voltages of 5; 6; 8; 8.5; 9; 12; 15; 18;
24V

Thermal overload protection

Short cireuit protection

Output transition SOA protectian

2 % output voltage tolerance (A version)

Guaranteed in extended temperature range
(A varsion)

Description

The L78xx series of three-terminal positive
regulators is available in TO-220, TO-220FP, TO-

3, D*PAK and DPAK packages and several fixed
output voltages, making it useful in a wide range
of applications.

These regulators can provide local on-card
regulation, eliminating the distribution problems
associated with single point regulation, Each type
employs internal current limiting, thermal shut-
down and safe area protection, making it
essentially indestructible. If adequale heat sinking
Is provided, thay can deliver over 1 A output
current, Although designed primarily as fixed
voltage regulators, these devices can be used
with external components to obtain adjustable
voltage and currents.

Table 1.  Device summary

Part numbers

L7805 L7B0BAC

L7808AB L7815AB

L7805C L7808C

L7809AC L7815AC

L7805AB L7808AB

L7a12C L7818C

L7805AC L7808AC

L7812AB

L7806C 1.7885C

 L7812AC

L7824AB

L7806AB L7808C

L7815C L7824AC

May 2012 Doc 1D 2143 Rev

20 1/57
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National
ﬂ Semiconductor
LM1117/LM11171

General Description

The LM1117 is a series of low dropout voltage regulators
with a dropout of 1.2V at B00mA of load current, It has the
same pin-out as National Bamiconductor’s industry standard
LM317.

The LM1117 is available in an adjustable version, which can
set the oulpul voltage from 1.25V 1o 13.8V with only two
external rosislora. In addition, it is also avallable in five fixed
vollages, 1.8V, 2.6V, 2.B5Y, 3.3V, and 6.

Tha LM1117 oftars current limiting and thermal shutdown, lis
clreult includes a zaner timmed bandgap relerence fo as-
BUre oulput vollage aceuracy to within %1%,

The LM1117 series is available in LLP, TO-263, SQT-223,
TO-220, ard TO-262 D-PAK packages. A minimum of 10uF
tantalum capacilor (s required at the output 1o imprave the
Iranslent responsa and slability,

800mA Low-Dropout Linear Regulator

® Batlery Powered Instrumentation

October 2002

Features

m Available in 1,8, 2.6V, 2,85V, 3.3V, 6V, and Adjustable
Versions

® Dpace Saving 8OT-223 and LLP Packagas

® Current Limiting and Tharmal Protection

® Quipul Current B0OMA
® Line Regulation 0.2% (Max)
® Load Regulation 0.4% (Max)
& Temperature Range
—LMm17 0'Co 1265'C
= LMi117l =40°C to 128°C
Applications

® 2,85V Model lor BC8I-2 Active Terminalion

® Pogl Regulator for Switching DC/DC Converter
® High Efficiency Linear Regulators

= Battery Charger

Typical Application
Active Terminator for SC8I-2 Bus

11en
Ling
M1117-2,83 b I"::ﬂ"
— — N OUT fp—p—— —AAN— l‘.I.NE? a
GND
;‘;;gx 1 - 0 ur - 1Lrl 1100
‘ 10 4 2l
AA—
= T, \L
- v m s L
Fixed Output Regulator
(TARRF S 1

Al Your
GND
10 uF® 10 uf
Tantalym l

—

* Raquired If the regulator is located far from the pawer supply fiiter.

I Tantalvm

L]

@ 2002 Nalional Semiconductor Corporation  DS100919

wew.national com

Joje|nBay Jesur nodoig-moT YWooR 1ZLLLINT/ZLILNT
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SHARP

PC814XJO00OF Series

PC814XJ0O000F
Series

Y-channel package type is also available.
{model No. PC844XJ0000F Serles)

M Description

PC814XJ0000F Series contains an IRED optically
coupled 10 a phototransistor.

It is packaged in a 4pin DIP, available in SMT gullw-
ing lead-form oplion,

Input-output isolation voltage(rms) is 5.0kV.

Collector-emitter voltage is 80V and CTR is 20% to
300% at input current of x1mA.

B Features

1. 4pin DIP package

2. Double transfer mold package (Ideal for Flow Solder-
ing)

3. AC input type

4, High collector-emitier voltage (Vcro ; 80V)

5. Current transfer ratio (CTR : MIN, 20% af Ir==1mA,
Veg=5V)

6. High isolation voltage between input and output
‘me) :5.0 W)

7. Lead-iree and RoHS directive compliant

DIP 4pin
AC Input Photocoupler

H Agency approvals/Compliance

1. Recognized by UL1577, file No. E64380 (as model
No. PC814)

2. Approved by VDE, DIN EN60747-5-2'" (as an op-
tion), file No, 40008087 (as model No. PC814)

3. Package resin : UL flammability grade (94V-0)

UIDIN ENBO747-5-2 : successor slandard of DIN VDE0S84

R Applications

1. Programmable controllers

2. Telephone sets, telephone exchangers

3. System appliances

4. Signal transmission between circuits of different po-
tentials and impedances

N0 168 mmeMmmwuﬂ any SHARP

i the latest sheets belore using ary SH

"S

S?MNU D2-A03502EN
Date Jun. 30, 2006
3 SHARP Corporation
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1,COIL DATA
1-1.Neminal Voltage 3,5,6,9,12,24,48VDC
1-2.Coll Resistance Refer to Coll Data Chart
1-3,0perate Voltage Refer to Coll Data Chart
1-4, Relense Voltage Refer to Coll Data Chart
1-B.Nominal Power 360mW, 450mW

2-1.Contact Form A-1 Form A,C-1 Form C
2-2.Contact Materinl Ag Alloy
2-3,Contact Rating 1A:15A126VACI24VDC, 10A 260VAC
1C110A 120VC/24VDC,10A/ BA 250VAC
V-6
2-4 Max,Switching Voltage 250VAC/24VDC
2-5Max.Bwitching Current 18A
2-0,Max.Switching Power 1,800VA 360W
2-7 Min.Switching Load BVDC,100mA
2-8,Contact Resistance Max 100mQ (6VDC 1A)
20 Lite
Elgotrical 100,000
Mechanical 10,000,000 &

3-1.Insulation Resistance Min.1000M Q 500VDC

3-2.Dislectric Strength T80VAC, 1 Min between open contacts
1,800VAC,1 min between call and contacts
3-4.0perate Time Max, 10ms
3-8,Rolonso Time Max.6ms
3-6,0perale Temperalure 30 ~ +85°C
3-7,8hock Resistance
Endurance 1,000m/é
Misoperation 100m/s*
3-8 Vibration Resistance
Endurance 10~ 556Hz,1,5mm double amplitude
Misoperation 10 = 65Hz,1.6mm double amplilude
3-8.Humidity 36% ~ 08%RH,+10T
3-10,Weight Approximalely 10g
3-11.5afety UL NO.E164730
TUV NO,50082840
CSA NO,1063016
CQC NO.02001001298

1808001, 1SO/TS16948, 1S014001
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