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Abstract

This object tracking robot is designed. to receive input:signals from the video camera and
transfer the signals to the computer for process the signals with digital image processing. Then the
processed image data is sent through  the computer’s serial port to. the programmed
microcontroller ARM7 in‘order to drive stepping motor and the direction of the robot movement.

In the 1" semester, this robot is received data by computer. Then the data is sent through the
computer’s serial port to the programmed microcontreller ARM?7 in order-to drive stepping motor
and the direction of the robot movement,

In the 2" semester, we interface with videoscamera which receives image signals to the
computer for processing the signals with digital image processing. Then the processed images are
used for controlling robot with the programmed microcontroller ARM7 in order to drive stepping

motor and the direction of the.robot moyement that is designéd in,1* ‘semester.



111

- o
fannssudisma

1 ¢ A o a 4 3 &
Tﬂiﬁ@']“ﬂ“ﬂﬂ@!ﬂﬁﬂ“ﬂﬁ']“?ﬂq "lN'llﬁ3ﬂﬂ‘l]ﬂ’Jﬂ‘]fuﬂ’lul!ﬂglﬂﬂﬂ'liﬂizﬂﬂﬂiﬂﬁﬂﬁnu
dde & Y mayy RS | ¢ 9q Vo o A ¢
i ndusagadandedall 14 winvnemsdgsius e lwyad Jlddwusth quaisesginsal
¥ 1
sazuumamsaniinauedelndfainlasanen wieumimsidanugiomaeninguiung
A ad s v 9/ 4 LY = Ed
AU NIRBLANNTBUNY qﬂﬂ'\ﬂﬂlﬂ‘ﬂﬂﬂﬂi%ﬂﬂﬂ:}ﬂﬂﬂi@ﬂ %Qﬂ@ﬂﬁuﬂﬁuuﬂunullﬁgiﬂ

o o

faelaaueun

P~ 1 =
we'lweta, . daisune

FRIETE. Inugha
Py o sy
WIWDINT.__ TNATNHNDY
Yo o
HiAa



v

o
Mgy
UNAALD
Abstract
Aaanssulseme
517y
mIvgglnm
a3 UYAITN
uni 1 unmih
1.1 s1eazideawaduviued Insey
ar o
1.2 Fagilszaenyeslngeay
1.3 Y5z Toninmanezldsu
Ui 2 nguuazndnmahaueieud
2.1 anrilaunssydig ARM7
2.1.1 ARM7TDMI TDMI #1318840% 15
2.2 105A ET-ARM7 START KIT V1 EXP
2.3 MIMHUANIIMNIT U InDTa
24 msﬁmuﬂfhﬂmﬂnmsﬁmmmm%’mamﬂﬂszmﬁ (GPID)
' o g o 4
2.5 na lpamsdumessudueslulassaou Insames ARM7
2.6 MINARDWAUNDI ADINFU UARTO
2.6.1 Msfanuaaus uAUE ISy UARTO
»
2.7 sl lauemes. (Strpping Motor)
= b~ o
2.7.1 ¥ilavpsaniluoines
Y 2 -1 ¥ o t!'l ~ [ o
2.7.2 YoavesanlleuamesilofeunuNomesnILnanse (DC MOTOR)
v
2.7.3 psmnquatiilaemesuuy 4 wa
oy ‘ 3 ¥ 4
2.7.4 Emsninnaounuiavevaanmaltliuomes
2.8 Avaoaue 1Usrad (Digital Image Processing)
2.8.1 ATULUIEIUNN (Segmentation)
2.82 nuviunsa laad (Thresholding technique)

] 14
2.8.2.1 mya laaaununINAnoaian I (Fixed Threshold)

II
111
1AY
VI
VI

i1
13
13
18
24
25
26
26
29
30
31
31
33

2.8.2.2 mia laadinssAuda TnunTy (Histogram-derived threshold) 33



2.8.3 MsuBNAIUT (Color Segmentation) 34
2.8.4 M3tdaTEAUNNIaluAIN (Pixel Accessing) 34
2.8.5 MIARMYIAY (Object Tracking) 36

285.1 MaunsnasIasldmsfoududuiny (Model Comparing Method) 36

2852 MIaunsnaslasn1sRauenanionsosd (Color Filtrations) 37

Rl 3 MmIganLULLEEMI A 38
3.1 WA Realview Microcontroller Development Kit V3.02a 38

3.2 Flow Chart Ta/5unsuf Stepping Motor #1191 ARM LPC2138 39

3.3 299359100y 1Y1 Stepping Motor 43

3.4 Tilsunsunoluipdoneufiaunes 44

3.6.1 MIFUMNIIAAABIIN D 44

3.6.2 MSiauved Iysunsy 44

Colors Segmentation 44

Color Filtration and Object Positioning 45

Object Tracking Processing 45

3.5 Flow Chart Object Tracking Processing 46

UM 4 MINAADAATHAMINARD 47
4.1 fnmiaszauii 47

4.2 finnud sz 49

4.3 Hiarudassand 3 51

4.4 Msnanoda i lsansumsdssinananin 53

4.4.1 MINAADINIVOUN N (Edge Detection) 53
4.4.2 M3uend (Color Segméntation) 54

4.4.3 M3N509AUDLNIMMUIIAY (Color Filtration and Object Positioning) 55

4.4.4 HAMINADDININTOITUAZMIMIAWMUIUDINM 56

w5 agduazIasel 57
5.1 aglwamianacay 57 °

5.2 Tayvwazunamensudilam : 58

5.3 sz Tomi 1850 59

MANUIN _ 60

nilidodeds 68



<
Unn 2

VI

mstggUmn
31t 2.1 ununaevesdiig ARM
710fi 2.2 YasA ET-ARM7 START KIT EXP
gﬂﬁ 2.3 Tnsaadhaves Stepping Motor
jin 2.
su

519 2.6 namaa TaunsuuoT T AUAMMITNYDINMIWIA 256 SEAD
2.

Va dar b Y]
2.4 M3 1IN0 IAAIAIUAIUNIUY

=n.

2.5 anIN1s A9 senaay TasmsadadiNeo w1819

=1,

T [ 4
519 2.7 nswEa Taunsunnunanuagliszauamudunin lduandsduun

D.

g o 4 1=y oy a
517 2.8 uamsgadnfigavasnmiitlsznou TRl fue s Woo wariusu

Y

¥ 3
JUN 2.9 uapInpAANTvo LT ITT

: Vo2 = & ¢ \ .
719 3.1 nihAAuReUIT NYDINTARA AT Realview Microcontroller
Development Kit V3.02a

317 3.2 WesuwigaIuY Stepping Motor

31U 4.1 MInaasInIvBLNIW (Edge Detection)
3U7 4.2 N15LENT (Colors Segmentation)
JUM 43 pTanseeitasnIdriaing (Color Filtration and Object Positioning)

JUN 4.4 uaAIMs AN MUITAY (Object Positioning)

24
30
30
32

35

37

38

43

53
54

56



VII

mIUYMIN
‘Uﬂﬁ 2 ﬁ‘li'lﬂﬁ 2.1 ?%ﬂéﬂﬂi" PINSELOQ, PINSEL]1 9% PINSEL2
a157197 2.2 Anfsz$1iavesISames PINSELO
a157 2.3 anlszdrfinvesisamod PINSELI
a319f 2.4 amlsziiinvesismaed PINSEL2
3197 2.5 ¥0 uazUOANTAVETSMABS T 1FAILAY GPIO
M5197 2.6 unasATaB U F3a 32 §2
M99 2.7 SameinReIt UM Bume il
15197 2.8 S5 amn I MIRuIB I UARTO
a151991 2.9 Aszdtinue 3 Seines UARTO Line Control Register (UOLCR)

A15197 2.1041eR 3152 891URVDY UARTO Line Statuos Register (UGLSR)

10
1
11
14
15
19
20
22



-t
unni
uni
L4 a a a 91 ﬂ ] A dos o ] o P27y 9/

gunsamBannseindivlAniludumianddgydonmsdissdiavesdaunulan

ol =y L] s o ) é
TuilagiiuTuuda msdinurineinisanss wasmsiauuna Tulad Jafluiedvedranilaly
msassaiaudanssulnig wesiusanuezainlunis1¥59alszd15u uazdaass

niwensidleg 1M 14 1Reansquaunniiqa
o d A dt o 4 ar ar wea
lugmdmmsdszneursssmediannselindluilegiu inTesdnsnaszuudalulda
melulssnugamunssy Aeslinnuainso anuazBeauazanuududingann 1isean
o ad a o o o
uwalduvesgunsaifign1Fnuludiursesdiannsetindluilogtuuazouna sxifiuginsal
4 & o o 4 1
52107 Surface Mount Device (SMD) Bagnaanuuvgaziinlivinaifnauioss susniey
kY " o -] ﬂ ] & A 9 @ g
Usznevtosdions sau wsesins sullumadenningn1dlunsilsgnenases Ay
A a ] 3 = g = = T & ' t!'l - & — 9

wIvIdnsma N Idealianuaz@on Al udtazn I IFetegs salunuideims
anvazidoagdnazlenrussaianadagn1waio (Digital Image Processing) 1aa1¥amas

3 t ] 9 At o 8 [ A
DINNADIN WA INATONAD IR 18 1 Im I szuIananmn ununs 19a1575 79 T8 11N Ld U

4 s .5 -1 o o s =8 e [}

IBY 105 (Sensor) NN IF A 1TAs Y I Taamsdude azlidaidoainanugaeinlums
¥ = =S n’: o o’: = Vly' ¥ v .
w519 myeenuuy lisudanisaads Agiussmnldd msdszuianadlronine v (Digital
R | =1 & r T o 9/ =1 ¥ di
Image Processing}zinannangugandtiumsusuguuuais lvom uezlisiniganinile

[ o Addi
eufuisou
dwﬂ 1 o o @ ﬂ ar o Ao ' A
sty lpsanuuoudasa9tndag winsfumwiaghiiFuas Ui
o oHa 9 A = o 3 9/ = o o o
fmuannndeddnlodngiaieosnouiiaees vinuuss Ineunuadshinisseuianadae
] T o - o o ) 4 {1
wae udrdedyinila ¥ lunsduvemesudz Anauianianmsindeuiniu
I'd : °
TuTnsnouTnsames 01307 (ARM?)01 1aviins Talsunsulingda
o o 1 Ay o
dmSumamsanef 12550 szisuna1s 1dsunsy lulasneuInsames 01fu7
= o I'4 S 4 10 U '
(ARM?) Tagl3n1w1% Tumsaiuguamsduuamesuasinnnmsindeuniniunisnatjud
ar ad o = o o o ]
FygrunnAdueianouiuges unumsiuniwdin wazimsesnuuunasiidiuves
P PR ¢ ' ) Yo o 3 '
Taseadese Fasreanuntiuil uaasaun lddavi luaanmsdowi ifluondas
dmfumamsdnuii - 2/2550 vzsiimsandedundesda lalumsSudyraunin
4 a g o 9 { t 4
e ldneuniumeidimsdszulanadioniw uaziiwan 181015 lumsauguyuoud 714
o { 4 a
TuTnsneuInsames o15u7 # 18GouTsunsuly el lumsauaunisduadluones

o A o v o gy =2 =
pazianensndsunvesyueua 7 laoenuuu T lunensdnei 1



unf 1 i uaasseaziBoastiansNpneIfuMsAnE Inssa uuiaalunsim
o o a Y o
Tnseau JaglszasdvesInsenu UszTomin1d5uannsiilns s uazvowaveans

Mlnsau

unit 2 nguf) nanis msldaululasneuInsames 81507 (ARM?) aa1ilagnssu
o o w o ¥ -~ 3/ ) Poar <
melu Mdanedideignlgau sawdns15lugduny Inerupt wazmsdadofunesa
o = L4 < ¢ ¥ = 9
synsufuasuiumes ves lulasneuInsanss 01517 (ARMY) Tasldnu uaznisdiam
o f 4 . t an = = ..
Y93AUTIUBIA035 (Stepping Motor) 1HAIUYDIATRDADMNY 15w 9 (Digital Image
Processing) 121ilunguiaieefeadumisyszaanan i nsLuLad 1AM (Segmentation)
MR 1800 (Thresholding technique) MINENAINE (Color Segmentation) HAZA1IAAAIN

5'61113 (Object Tracking)

unii 3 ArIeenuuY naRo LAFALEL TSR Iaues Tsuasy msldauuazms

o g 2 / 2\ 3 B ¢
AVANMININIUvBalR1 19BN 85 (Stepping Motor) M13A2UgNAANIvaemAlllwemos
(Stepping Motor) 3uv8Imstszanan i Nzdlumsesviesdsaaiaenann1silanuves

Tilsunsy LaAIN13¥191A0 Flow Chart

] ¥ 5 ¥ o

UMY 4 M INARBILBZHNANIINATSY NA1IT MINATalNITuvesmRlTavemes
(Stepping Motor) 13 iagaluutivesdaygiailaein lulasaeulnsames 91507 (ARM?Y) fivh
m3lsunsu’ld daneasnmisdssinenanin AezilumsnaaenTisuns udaed gy

v 4
Talsunsundn saudlu ldamnsstaumsUszuanann

¥ d ' H 1 o
uni 5 aqduaziensal nade HantTIveaoan e dymiiinolunisdiau ues

s nudalumsuddlym



1.1 seoozidsanaduvivealnsanu

ISE=)

] 4 o a [ a a ' 4 o
Tasanmuoudaseduing umsfuniniagiiiduazzlseimdmuanandes

9

e

3 A = o 3 b1 = ) 4 ' v 7
aloginTaenouiuaes nintiuszldneununesiinisiszuanadisnmais udads

=

o o’ °} = r H f
g la 15 lumsduuemesuazaruguitrniesmsindoudiriu lulasneu Insaans
o 4 <
91517 (ARM?) # 18%1ms TosunsuBuds
0w a‘ o a o s o
dmSumamsanyi 172550 1 aziuhanms TusunsuluTasneu Insames onsu
¥ 3 [
7 (ARM7) Tagldn1und@ lunmisasuquasduadiilaamesuas fanensindouiishuns
' v e 4 = [ o °
natjudadyauninddueiansuinaes unumssunmdu uazinisesnuuunazi
dmveslassadiese
dmSumanisApan 2/2550 sgvhinsAnnetundeddn lelunsSudyaunm
A q a 7 o 9/ e =y 9 ¥ ' ¢ Aq ¥
e Ineunun oI inIsUszssanadromu uazibnwad 18 1l unspauguyueus 714
¢ ¢ ! y @ g ¢
TulnsaouInsames e13u7 #ladoulisunsu 13 el lumsaaugunisdumaluomes

a 4 4 ) Ay ¥ ¥ = o
uazNemamspAsuNueIusua-1 laeaniuy 13 man3AnE 1

4
12 Jagilszranvesinssan
dyu -3 3 d‘i
Tasanuiidativmme
s = 4 9/ = =

1. #Anpnmsdszaasanmmdssmnnnasuiness nsuduifalumseenuuy

Tdsunsy
= o ¥ L4 o

2. Anvamisieu mlsenlvagmasvanluinsneuinsames 0137 (ARMT)
Y ~ o o e ¢ -
AN TEIF UM IAWRUAI T T BImAT IS (Stepping Motor)

o A @ j A o
3. Anwimshnuvesaiiyayenes (Stepping Motor) Homs1Fiulusuing

1.3 dsrianinimaneslasy
4 a o o
1. msefsgdszgnduasimuns1faulu TnsaeuTnsaaes 91507 (ARM7) 1u
) Ay Y
NuauguidiuvdumundeIns 14
9} o d:' ¥ ¥ . . . ﬂ
2. /W lavanmsidlosauees MsUszuIanan BN (Digital Image Processing) t1Uu
¥
AuglumsAnyuaziviude
Y as ° <] 3 o R o ¥
3. W lananmsiminuves madtlauomes (Stepping Motor) tazeninsniinnidau
= b4
25414

1 3 v
4. ailufiuguneuizeen lihinnuseae )



unn 2

- . d 4
ngEHUESHANM IMNNUIIANI

2.1 aorilnonIsndiy ARM?

amilaenssuves ARM7 dludfignuuriscyniaz2innioluiivavinas2dad uie,
ilddmivsudsdoyn unsdrda gadrdanzium 32 Sanedt luvasfiteyamusadon’d
Pezfiunnn 8,16 nie 32 i Taouanaununats (core) ¥oadfig ARM7 18R a1I7 1.1

Tnsaad19ves ARM7 szifuuuy load-and-store Tumsilszanmunatoyalaqdes
nszirumessaaed Gududaenisivaamunnmilisnuinduluisamesihemn
Uszwaama aFwdrnzd@guaniulumizoanusuag

?ﬁmﬂﬂ‘fwaARMﬁ“l%’mu‘lﬁ'ﬁm?ué“l%ﬁﬁmm 16§78 RO-RL5 Jnennsalivuia
32 fin Taw RO-R124ThiSeumed 2 it il muandiimaianudfiay dadr12 Fmedd
iy stack pointer (SP)-R14 st filas ik register (CR)1la¥ Ri5 ﬁmﬁwﬁni’lu Program

Counter (PC)

2.1.1 ARM7TDMI TDMI mantgses s
luTnsnouInsamesaszga ARMZTDMI mvlufiununaiadludfiy ARM7 iy
= :; o @ o = 15' v :;. 9 T
ANV 080 4 Usznniididnysunlsuithusesen 14un
T : ﬁﬁvﬁquﬁﬁueﬁﬂﬁﬁ%'ﬁ Thumb instruction set
D :  #UuAYUMIADD (debug)
M aduEumsuEuue1I (long multiplies)

1 : #lugo EmbeddedlCE DT TUYUMsAtNMEIUTHY

Thumb Mede (T)
YAMTIVOIARM unia32dieludiy ARM7TDMI azaduayuyadmidalsziani
d’d & o t:l Wy o< =) T . . 4‘! e dy o
a0 Dudama1191v119 16 1m 158071 Thumb instruction set 1311911 Ty Ivuatisziau

) 1 -o a 9} =1 J =1 o glet =] ° 3
funilganuiwuie 16 a'ldsras19u uazdvda Idsunsuldivnadinasi i ause

1 ARM7TDMI W14 uanenaieda1da



[

r -1 [ 4 Y] = s ar o
961415791 Thumb mode Y8318aA0 oldiunudsannmortuiuzl9s 1y
. ¥
o ] =y o o 1 o o 8 ) =] ar
Mmdannnhinua 32 a Mldhoudnd Aaiudmiunuanuigadnidesd vue 32
Jinlna
4 4‘

=t . . iAo o 9 @ @ v o o
1521150 @994 Thumb instruction set "lnﬁmmm:gﬂummuimmmmamcrmm

(exception handling)

Long multiplies (M)

Tuyndidaves ARM7TDMI Smsiiudidafimdn 4 fdafiausogauaveuia 32 x
32 daldwadniiilu 64 fin nasn1sguierzaunT (multiplication accumulation:MAC) 1g
asegudeyavuie 327%-32 dadinauvatvyga ldnadniiilues davi ldaunsoiims
furnndiamaas iqusenldlas baniudedldTllszuunadyninasaen (Digital

Signal Processor:DSP) %3¢

Debugging (D)
=7 o oA ar A ow 9} ~ o é
ﬂ'lUiullﬂ'Ju%lU"lﬂﬁl@Q815ﬂl!')5!“ﬂi'ﬂQ5Uﬂ15ﬂ‘UﬂIﬂﬂlﬂillvlﬂclu‘llmgﬂﬂ'lﬂ1u°]ﬁ

MUAUNSS A JTAG L TAP contronller

EmbeddedICE (I)
[l 1 A o o © Y
77UU09 EmbeddedICE st uHlan5un15R191mn15a110 1dsiunsy uazaisnialy
dyd o o g o o Y o s A A
Tugatifiusanesd dazendworAsvamss Mildansadnnisianued Ilsunsuiodin
° = o ' yl L4 fa 0 A -
MIMNNY 151NUNTOAIUANIINNBSIMAUHIUNTG JTAG test port aswaWALISATINNYAN
o A a A & A o S AA o
MIMVUATDINBUNAADT DNV TNNELAYSDIDNTHDOA ATTNYITHYANITNIIU LAz
L] o q + o 1 = o 1 v o 5
Whgeomzdtn eegluaoiuzidnerdmisenamoss samaindenvoaniionus
) a Py ° Y ' o
UL Flash/EEPROM, SRAM LiazA19993 9eAB s NIANIUAMHUINUHU 2881487 (Memory

Mapped Registers)



ALUbus

ADDR{31:0)

3

]
Addrass register é’
2
r 3
it 4 :
(6-3 Address _g Scan debug
incrementer controt
Register bank
31 % 32-hit registers  |m——
(6 status registers) CLK_

l ——— CLKEN
¢— CFGBIGEND
l+—— nIRQ

PRSI e P " nrig
muitiplier
g l«— nRESET
Instructions | LOCK
decoder and |—» WRITE
- m y N
1 £ e, PROT(1:0]
4 = TRANS[1:0]
32-bitALU l - DBG outputs
[ DBG inputs
— P contrdl
—— CP handshake

! |

instruction pipeine
Writa data register Read data register
Thumb instruction decoder
WDATA[31:0} RDATA[31:0]

UM 2.1 ununaavesdiiy ARM7



2.2 U837 ET-ARM7 START KIT V1 EXP

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

......

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

nnnnn

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

------

P
|

: -
U 225039 ETARMZ STARTRITV 1 EXP

Wudnuefankivog. iR luasega| ARMT aiihi-CPU A 1632 BIT |pau3sin
PHILIPS 1105 LPG2138 “ananan DOWNLOAD “llshnsimmmnoastusiataluduny
FLASH runid PORT RS232 [|#1neass 1iesa santinuifioia CONTROL Auiaian
T¥udase vioAs YL PROJECT BOARD: 197 aflaa 8433954199

> 19 ARM 185, P¢2138 16732 BITMCU 64 PIN LQFP-TYPE

> nuen N Wsunsinae A MEUTDUFTASH 512K BY TE;RAM sholy

32KBYTE
> 14 X TAL 19.6608 MHz-gmia MEUisoals 21 amadaef 15 1qaqaia 58.9824
MHz

> 599503 1151 5U1DY IN-SYSTEM PROGRAMMING (ISP) H114119 ON-CHIP-
BOOL-LOADER SOFTWARE UART 0 Tagsioid1fiu PORT RS232 voain30 it ¢
Taoasa

> 470 PIN ansasefuszuy 1o Aidluszaudyana sv 14

> 14 POWER SUPPLY 3.3VDC

> UART Uy FULL-DUPLEX §1147% 2 %99 io UART 0 4105314 4 PIN ETT 111

dyawsyal RS232 oy UARTI Wudyanmszdu TTL

> SPI 914U 2 %949, 12C 314U 2 404



> A TO D 9419 10 BIT 3714794 8 9943, D TO A 4U19 10 BIT $142U 1 %04

> TIMER 32 BIT 2 %04, PWM 6 %03, WATCHDOG TIMER, REAL TIME CLOCK lu#1

¥
CPU w¥ou X° TAL 32.768 KHz uaz4290 BATTERY

¥
> 193A ET-ARM STAMP LPC2138 719820142 PIN HEADER 81122 25 PIN 593 50

PIN 52021114 2.54 mm. 1130y 1 dasunuesanaaes ET-ARM7 START KIT V1,

V1 EXP H30 @afiuU93anaany PROJECT BOARD Aauisonla

> PCB SIZE 40X65 mm

%A ET-ARM STAMP LPC 2138 U3znoudn

> 105A ARM STAMP LPC 2138

> @189 DOWNLOAD ET-RS232 9 PIN

> |iH1 CD-ROM_fiionazaa Tusunsuiai it WINDOWS 98/ME/XP/2000

o F
23 ﬂ'l‘lﬂ'l'ﬂuﬂﬂﬁ]ﬂh'l‘l‘ﬁ'lﬂﬂ”&@ﬂ&‘fﬁ

(=L o

o “ a ¢ v o d
nasnnmnantsssaluinsaoulnsames ARM7  2s9smeludesidans saines

PINSEL #)nf 2 nuafn 1A Portd uae Portt avtilu GpIo naglinnundludune

1 = VA © 9 | o 3
VIUADZUIVD Port0 LIRS Portl nwu‘mmsmam"lﬂﬂawwmﬂ Iﬂﬂﬂ'lﬁuﬂﬂ'li‘ﬂ'lﬂ'lu

Y94 Portd N3 9003 PINSELO PINSEL L MaziuuaniiinIs % 1911404 Portl ASdamed

= ¢ s :;
PINSEL? lpus3amasuansaanziiuoamsauaaa luaised 2.

A9 2.1 gﬁ,%ﬁmﬂi{ PINSELOQ, PINSEL1 {if% PINSEL2

%o ARV MIRAAD HoAIASH
Pin function select register 0 & il
PINSELO . ¢ RENISTLNY 0xE002 C000
NMHUANTTNNINUDY PO.O-PO 15
Pin function select register.1 e
PINSEL1 . . 21U/t 0xE002 C004
MHUANTTNINUVBY PO.16-P0.31
Pin function select register 2 VoA
PINSEL2 . . 21U 0xE002 C014
AMHUANITNITUYDY P1.0-P1.31

v
=

AuAas Tnve 5 Iaaos PINSELO uaaalaluaisnsi 2.2 9108151908 n Ui s az v

a g

fivihAinshanla 3 wie 4 mia dedrasu a1 Po.1 szdindfinisvinen'ldee 4 v de

=

GPIO0.1, RxD0O (UARTO), PWM3 uaz EINTO d1doimsdivuani vl P0.0-P0.1S 15

o -] ) ~ . é = (-3 ﬂ.’
euiluceio 18 Tasnsidousm o yadalvifu PINSELO Saduuniudideniund 184& il

14
Vo A




PINSELO = 0x00000000;

// Set P0.0 — P0.15 to GPIO Functicn

M3N2.2 Anlsedriinuessdamos PINSELO

PINSE | Mo | medwnadiel | maiwnudledl  mwhanudle | Amds
%Bi“i 3 ] 1 ) - o=
Lo #7100 7101 110 nAl 1w
1:0 P0.0 | GPIO Port 0.0 | TxDo (CARTO) PTWAil Reserved 00
32 P0.1 | GPIO Port0.1 | RxDo (CARTO) PWAL3 EINTO 00
. Capture
54 P0.2 | GPIO Port 0.2 SCLOQ- O Reserved 00
0.0(TIMERO)
> Matech. 0.0
7:6 P03 | GPIO Por10.3 SDAC(I-Q) EINTI 00
(TIMERO)
Capture 0.1
9:8 P0.4 | GPIOPor1 0.4 SCK0(SPI0) ADO.6 00
(TIMERO)
March 0.1
11:10 | P0.53 | GPIGPort 0.5 MIS0O0 (SFPI0) ADG.7 00
(TIMERO)
Capture 0.2
13:12 | PO.6 | GPIO Port 0.6 MOSIO (SPID) AD1.O 00
(TIMEROD)
15:14 | P0.7 | GPIO Port 0.7 SSELO(SPIO) PAW2 EINT2 00
17:16 | P0.8 | GPIOPort 0.8 | TxD1 (UART!) PALWA AD11 00
19:18 | P0.9 | GPIOPort 0,9| RxD1(UARTIL) PMAVE EINT3 00
Caprure 1.0
21:20 | P0.10 | GPIO Pex10.10 | RTSI1(LARTY) AD12 G0
(TIMER1)
Caprure 1.1 s
23:22 [ P0.11 { GPIO Port 0:11 | CTS1 (UART1) SCLod Ch 00
(TIMERD)
Mazch
2534 | P12 | GPIO Part 0.12 | DSRI(UARTI) AD13 00
LO(TIMERY)
Match
2726 | P0.13 | GPIO Port 0.13 | DTR1 (UARTL) AD14 00
L1(TIMER1)
29:28 | PO.14 | GPIO Pax1 0.14 | DCD1 (CARTI) EINT1 SDAl( : C1) 00
31:30 | PO.15 | GPIO Part 0.15 RI1 (CARTID) EINT2 AD1.5 00
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AMuAaziinuess 3anos PINSEL] uaasldluaisien 2.3 d10019d1809n13ivuam

=1\ o o =y 1] ) ar é

101 P0.16 — P0.31 Timsvhauilu Grio ldTasmisidiouat 0 yadia 1y PINSELI &3
= o n‘a AN Yo :?
wWowiuimdaniung 1aadl

PINSEL1 = 0x00000000; // Set P0.16-P0.31 to GPIO Function

-' 1 o a aa o
M9 2.3 Alseadavassinmes PINSEL1

Capture 0.2
1:0 P0.16 | GPIO Port 0.16 EINTO Mateh-0,2 (TIMERO) 00
: (TIMERO)
32 P0.17 | GPIO Port 047+ |Capture 1:2 {(TIMERT)| / / SCK1 (SPI1) Match 1.2 (TIMER®Y) 00
54 P0.18 | GPIOPort 0.18__|Capture 1.3 (FIMERT)/ MISO14SPI1) | Match. 13 (TIMER1) | 00
Capture 1.2
76 | P0.19 | /GPIO Port 0,19 /| Match 1.2(TIMER1) |-\ MOS)H (SPIT) 00
(TIMER1)
9:8 | P0.20/|/ GPIOPort 0.20-f Mateh T.3{TIMERT)| \ "SSELT (SPI1) EINT3 00
Capture1.3
11:10 | P0.21/} GPIO Port 024 PWMSE AD16 00
: (TIMER®)
: Caplure 0.0 '
13:12 | P0.22 | "GPIQPori 0.22 AD1.7 Match 0.0XTIMERD) | 00
! (TIMERQ)
15114 | P0.23 | GRIO POt 0.23 (A aanuly oty 00
17116 | P0.24 gaaufly 00
19:18 | P0.25 | 'GPIO Port'0.25 ADCA AOUT anuld 00
21:20 | P0.26 Asmuld 00
23:22 | P0.27 aaould 00
Capture 0.2
25:24 | P0.28 | GPIO Port 0.28 ADO.1 Match 0.2 (TIMERO) | . 0O
{TIMERQ)
) Capture 0.3 .
27:26 | P0.29 | GPIO Port0.29 ADD.2 Match 0.3 (TIMERO) | 00
. (TIMERD)
20:28' | P0.30 | . GPIO Port 0.30 AD0.3 EINT3 Capture 0.0(TIMERD)| 00
31:30 | P0.31 | GPO Port 0.31 UP_LED CONNECT 00

v [ a S o 4 o t:i 3
Auazinvessammes PINSEL2 Nl¥Mmuaniinfn1siiauuesPort P1 uaaaldly
~ s [} Y Y o ' 9
A151904.4 gD daIm It muan 191 P1.16 — P1.31
= 1 =y v A = o Q" L
Woum 0 ndaliiy PINSELT dadisuilufmdaniund 1ddsi

PINSEL2 = 0x00000000;

= o

3

// Set P1.16 — P1.31 to GPIO Function

iJﬂ'IS'VIN'I‘LIl‘ﬂu GPIO ﬁ'lllﬁiﬂﬂﬂ'l‘i
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13190 2.4 A1lse oS Fames PINSEL?

PINSEL1 AMUNUIY AMAIS 1A
1:0 RRLTA Y] 00
111 0 41P1.31:26 9z 1915l GP1o duslu 1 v P131:26 9214 P1.26/
2
1 Debug port. RTCK
P1.20/
1111 0 11P1.25:26 92 154 GP1O dnilu 1 w1 P1.25:26 9214
3 TRACESYN(
i) Trace port.

2.4 MatmuAmAUIM T IMYYeI e TReunlsE oA (GPIO)

ar - ’ ¥ o v o o b ]
ﬁﬁ0%1ﬂ1’lﬂ1ﬁuﬂﬂ'l‘l‘}’l‘W@Sﬂuﬂﬂ:ﬂ?ﬂﬂ'ﬁﬂ']ﬂw,ﬂu GPIO #4473 MIAIURNMTNIIU

Y94 GPIO ¢ FANUMLNIIS Venpos 4671817 IOPIN, JOSET; IOCLR;IODIR Iagisamnes

unazalnzlupamsaanadlums1an 2.5

TuluTpsnouTnsaaes LPC2131/2/4/6/8 1N ua s ovosne s aomnys=ad

o a4 rg 4 1 o sSa H’A‘ = ] 3
T 185 W udenz B onandly Fast GPIO. Taglaiiuuassaiaosianaumiig dudou

¥ ¥
v L] Qo (%) as T L= A
AunnFsdunana lugen auiulunifsdonyiveniuldag eriody nuailnd Svzs

fodnssnannsaldidanfulyinsaouTnsames aszga Lrc2ooo suaw 14

M79N 2.5 Fo LnziRANSAYBNS I MAD T A 14A AN GPIO

3 o i 4 5
¥oviald | anumuie MIAAAD _ | ¥Oua ealnIe | ¥ uaz LoAlRTa
93 Port0 194 Portl
IOPIN | GPIO Port value register 19 | o 0xE002 8000 0xE002 8010
smaniuziogiinyes IOPINQ IOPIN1
¥
WOIH
IOSET | GPIO Port Output set o IU/AVIU 0xE002 8004 0xE002 8014
register 1#Hmuaa i IOSETO I0SETI1

g =t Y a
ﬂJﬂﬂWﬂiﬂﬁJﬂTLﬂulﬂ”l‘Uﬂiﬂ
s A o
l{]ulﬂWﬂﬂQWﬂiﬂﬂﬁﬁﬂu

setiandu
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IODIR | GPIO Port Direction control | 81/3g1 0xE002 8008 0xE002 8018
register 198 viuannla IODIRO IODIR1
o
Wuordna
IOCLR | GPIO Port Output clear oy 0xE002 800C 0xE002 801C
register 19 mun 1iuves IOCLRO I0CLR1
wosasauiluo

o a o a g 1 T Py
MIAINUVBIGPIO NAUAWNITA M UATIANIveInes anoudte I udunanse

] v ¥
1Ann TnefmuamiisSames 10DIR Tasaialaiifuo folivivesdaiududunm &1

¥
MWaniuvnvestniuazduetiya
ar 1 T o P
Fethus Aeans 1 P0:22, P0.20, P0A9 uaz-PO.16 1 1mawine Taoviwes po f

4 - 9 o ) Y aa o v a o uy
maasi‘luauvgﬂ %Sﬁlﬂ\iﬂ’muﬂﬂﬂﬁﬂﬁiﬂﬂ’mﬂ‘i IODIRO it UnAdy

‘ﬁﬁlﬁ 31 | 30 [ 29 | 28 |27 | 26 |25 124 [\23{ 22121120 (19 | 18 | 17 | 16

A1 0 0] 0 0 0 0 0 0 0 1 0 1 1 0 0 1

15 | 14 | 3. 12 (11010, |9 8 7 6 5 4 3 2 1 0

]
ho]
=h.

1 0107 0] 040 0.0 040G | 0.1 0.0 0041070

0 0 0 0

4 : Q.
Farnnsamoududmues Tusunsumyia ladsil
JODIRO = 0x00590000;
ar o o a I3 ; 1 o
ndmndmualiweiadhuipidnaida Sidesnsdaldnesa i mardnaiiianiy 1 Avads

f33ain0T IOSET Meorarudaemsaaliul Po.16 uaeP0.19 111 1 vzdessmuanildiu

b 4
39a993 TOSETO f93)

3113029 (28|27 26|25 |24 (2322212019 |18 |17 |16

2>
b2
=h.

m | 0lo | o|loflo]Jolololo|lo]lo|lo|l1i0]|o0]1

dan | 15|43 l12{11l10f09 8 7 6 5 4 3 2 1 0
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14
Yar A

& ' a
mmmsmiﬂmﬂmﬂumummiﬂmﬂmmyw‘lﬂmu
IOSET = 0x00090000;
- ] TSP o =1 [ ¢ o @ o 3 o ~
f’ITiL‘UEJHﬂ’ILEL‘]N 0 Gl‘l’iii]mﬂﬂi I0SET ilz"lunwaﬂmwmwElsmwmaﬂumumwmwaimzu

ATNIA
¥

Y ¥ o q ¥ s o ey Y & Aaa o o ' '
ﬂ']ﬂﬂ\’ﬂ‘]ﬁﬁqﬁlﬂwaiﬂﬂlﬂula'IﬂV!ﬂuNﬂ’“ﬂuo ADYINIIN®mBO T IOCLR A1I198719 IFUADINIT

9

[ v
#9191 P0.22 waz P0.20 11U 0 vzdpanuam AU semes I0CLRO #ail

Uan [ 31 13020 |28 (2712625 |24 |23 (22! 21 20| 19|18} 171 16

Il 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0

|15 |14 | 13 | 12711 | 10.1-9 8 7 6 5 4 3 2 1 0

Q 0 0 0
é =1 [] Al Y ar ;
Ferwrsaoudluaamaes Isinsunm1a laaes
IOCLRO <0x00500000;
o & + 3 (] ar =1 ¥ Qs a o
Fan7552 59 lumsdaldumesatauiiu o 10 lda I idsunt 0 163 Sawos IOCLR dos
= 1 T 3
@ouanily 1 i
Tumsdoum litonain avasaendoya ialadu o vwdesdoudsisiaines IOCLR &

dalaudly 1 eedpavoudsnsamnos IOSET

2.5 nalnnsuaeilaveslulnaneulnsnines ARM?

TuluTnsnoulnsaaes ARM7 3 Tuga Vectored Intemipt’ Controller (VIC) iifu#a
aufuna lnuesnsdunos sl Tﬂnmmsn%’uﬁuma%’ﬂﬁmnqﬂﬂ‘iﬂfﬁmm‘lu waznguen
uTasneu Insained ARM?7 IéWartun 32 Suwaamrfiiaaelimsied 5.1

VIC azhunmonmssuned i 32 undandautmuaany 18 3 Usziom
fio FIQ, vectored IRQ 1A% non-vectored IRQ ﬁflﬁ'mmﬁaﬂi"nﬁﬁummé‘rﬁmﬂmﬁumﬂ's'
SidnngUnsaiszneuatey Idawdidesns

Fast Interrupt request (FIQ) sz dwWunuddgaga latsuasumusyige

Vectored IRQs il rduaudrdgyegisnats TasawisahdunessUdus 16 nie
32 unaaunda Ififfu Vectored 1RQs 18 16 &1 Ty Slot 0 aziin @ ARygIqA Slot 15 &
A ga

Non-vectored IRQ ﬁ‘f\’ﬂnﬁ1ﬁmﬁ‘iijﬂ




4‘ L - =) Lo 1 &
MINN 2.6 LN R UND TSR 32 A

14

¥
4 o

gUnsel uvasiuindumesS1la VIC Channel #
WDT Watchdog Interrupt (WDINT) 0
- Reserved for software interrupts only 1
ARM Core Embedded ICE, DbgCommRx 2
ARM Core Embedded ICE, DbgCommTx 3
TIMEOD Match 0-3 (MRO, MR1,MR2, MR3) 4
Capture 0-3 (CRO, CR1, CR2, CR3)
TIME1 Match 0-3 (MRO, MR1,MR2, MR3) 5
Capture'0-3 (CRO, €R1, €CR2, CR3)
UARTO Rx Line Status (RLS) 6
Transmit Holding Register Empty (THRE)
Rx-Data Available (RDA)
Character Time-out Indicator (CTI)
UART1 Rx Line Status (RLS) 7
Transmit Holding Register Empty (THRE)
Rx Data Available (RDA)
Character Time-out Indicator (CTI)
Modem Status Interrupt (MSI)
PWMO Match 0-6 (MRO, MR1, MR2, MR3, MR4, MR5, MR6) 8
12Co SI (state'change) 9
SPI0 SPI Interrupt Flag (SPIF) 10
Mode Fault (MODF)
SPI1 (SSP) SPI Interrupt Flag (SPIF) 11
Mode Fault (MODF)
PLL PLL Lock (PLOCK) 12
RTC Counter Indrement (RTCCIF) 13
Alarm (RTCALF)
System Control | External Interrupt 0 (EINT0) 14
System Control | External Interrupt 1 (EINT1) 15




15

System Control | External Interrupt 2 (EINT2) 16
System Control | External Interrupt 3 (EINT3) 17
ADCO A/D Converter 0 end of conversion 18
1°C1 SI (state change) - 19
BOD Brown our detect 20
ADC1 A/D Converter 1 end of conversion 21
USB USB Interrupt, DMA Interrupt 22
Reserved 23-31

o o £ o a o | a’: o o a
SRS BIT0IN LN DUIABTSUAT IV YA 43 AT Rananluaisieh 2.7 Taslu

¥ = i A ) Py da | & 4 4
WadethdunmsidonmwizsImeosning It UM BULAT S A TULUT Vector TRQ  FaRfAD

EDh| mﬁ VICVectAddr0-15, VICVectCntl0-15 1183 VICIntEnable

MINN 2.7 5 Temas AN U WS S1la

%0 AINIMIY ASARAD - AMARISA | uBAAsH

IRQ Srarus Request SIUMEDIUET
VICIRQStarus | 04ANAINH interrupt request 91087 | 8 0 OXFFFF FG00

T nazgaiaiiu RQ

FIQ Starus Request DA TUE N
VICFIQStatus ' | 0y 1 1] imerrupt requese 10417 | 070 0 OxFFEF FO04
lavazgniai FiQ

RawInterrupt Stams Register 148
]

#0 Mz v090kmes S1IdNINITe 32 ,

VICRawlntr . - param— 0 OxFFEF F008

unamSaamnanldnglagliaun

enillalFudagniatszinnnioli

Interrupt Select Register 15 lums
-4

VICImtSelect | sy Bwmin0 ST 32 undusiaz | onudiou 0 OXFFFF FOOC

F iy F1Q 130 IRQ

Interrupt Enable Regaster 1l

¥
VICIntEnable | 5zyoumesfUfine 32 undawiaz | omuidoy 0 OxFFFF F010

fufly FIQ %70 IRQ
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VICIENClr

Interrupt Enable Clear Register 14
aadanilatianioinanimilaia
YD MADF Inrerrupt Enable

Register

=
W

OxFFFF FO14

VICSoftInt

Software Interrupt Register A1UD4
3
Fomansingmirly or iy
= dar p & Fad :
puAeFiUA QU alm 1Ta32

WHAY

BMATIY

OXFFFF FO18

VICSoftIniClear

Software Interrupt Clear Register 1#
. 4 a i & a
duadmitlalamIomnnni il
043 36119197 Sofrvare Interrupt

Register

o
el

OxFFFF FOIC

VICProtection

Protection Enable Register 148

5 VIO register

LRITRLT,

OxFFFF FO20

VICVectAddr

Vector Address Register HigifanNs
OuADS SR IRQ A1 IRQ
service routine DD MAIIIN

Simaosionss laaltdnodm o

szyd

DAY

OxFFFF F030

VICDefVectAddr

Default Vector Address Register it
I UAMD AT FUD Linterrupt service
routine (ISR) #1435 non-vecrored

IRQ

T oo
IMAUEU

OxFFFF FO34

VICVectAddr)

Vector address 0 register?iﬁlﬁi}f
VICVectAddr0-15 3z1filiamoARsa
Y94 Interrupt Service Routine (ISRs)

§ MU IRQ Slot Wai6 éh

CRURC T

OxFFFF F100

VICVectAddrt

Vector address 1 register

' =
D WEY

OxFEFFF F104

VICVectAddr2

Vector address 2 register

CRTREIT

OxFFFF F108

VICVectAddr3

Vector address 3 register

GRRETTN

OxFFFF F10C {
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dulovomyaneis nizeennfinmnazdy

VICVectAddrd Vector address 4 register GRTRCT 0 OxFFFF F110
VICVectAddr3 Vector address 3 register GRUREIAT 0 OxFFFF F114
VICVectAddr6 Vector address 6 register D mAL8Y 0 OxFFFF F118
VICVectAddr? Vector address 7 register BIALIY 0 OXFFFF F11C
VICVectAddrs Vector address § register GRTRUT 0 OxFFFF F120
VICVectAddrd Vector address 9 register 9 LUYY 0 OxFFFF F124
VICVectAddel0 Vector address 10 register GRVEELN 0 OXFFFF F123
VICVectAddril Vector address 11 register omdigy 0 OxFFFF F12C
VICVectAddr12 Vector addréss 12 register SRR 0 OxFFFF F130
VICVectAddr13 Veetor address. 13 register GRMECENT 0 OxFFFF F134
VICVectAddrid Vectoraddress 14 regisrer 9TUAdion 0 OxFFFF F138
VICVectAddr15 Vector address 13 register GRITECENY 0 OXFFFF F13C
Vector control 0 regi ster 3 SAIADS
Vector Coatrol Register0-15 1faz 1)
VICVectCpid0 VAIURNIRQ slot 1Aaz A7 1oy | | BauATau 0 OXFFEF F200
Stor 0 AN 1Ay A HAs Stor
15 i e
VICVectCrdl Vector conrrol 1 register BIuAaY 0 OxFFFF F204
VICVectCr2 Vector cortrol 2 register QR 0 (xFFFF F208
VICVecrCnil3 Vecror control 3 register SR TR 0 OxFFFF F20C
VICVectCntl4 Vector control 4 register ool 0 OxFFFF F210
VICVectCntld Vector corrol 3 register ATHE T 0 OxFFFF F214
VICVeetCntld Vector control 6 register GRTET 0 OxFFFF F218
VICVectCoil7 Vector comrol 7 register CRITREY 0 OxFFFF F21C
VICVectCatl8 Vector control 8 register GRVREIGO 0 OxFFFF F220
VICVectCntl9 Vector control 9 register GRITRUTT, 0 OxFFFF F224
VICVectCmll0 Vector comrol 10 register o Aoy 0 OxFFFF F228 |-
VICVectCarlil Vector conrrol 11 register CRTREIERT 0 OxFFFF F22C
VICVeciCntll2 Vector control 12 register AT 0 OxFFFF F230
VICVectCnril3 Vector comrol 13 register DIMAT8Y 0 OxFFFF F234

82210
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VICVectCntll4 Vector control 14 register GYVEEIY 0 OxFFFF F238

VICVecrCnrlld Vector comrol 15 register YRR 0 OxFFFF F23C

aa 4 aa P v y

S3eABS VICVectaddro-15 iU denmasnifuawoams avoslilsunsuiineuaues
1 o da | & o [ { 6 o
Aodunei 1A Tauvicvectaddro  ozifluvesdumessd sioo  Ailanudvagaga
aud i lalsula VICVectaddr1s sziilu Siot1s Ainnudidgdige

] T 3

VICVectCntlo-15 191un15auandIh Slot nuoaviag il VICVectCntl v iums
o oo | o ’ n’: d' P o ] o oA a A b
BuwesiUaninunasla 9nsisnua 32 Newased 2.6 Tasdmuadludand:olaedahns t

=y e “ i a ¥

a1 winedeoyanalidwaeisdangnsamdmualusiot s

3 = o o o 3 ' P =
VICIntEnable 1#TladumossUa1nuvia 16149 %9 32 uvatninm1s1an 2.6 lasiinla

23

fiandu 1 nuredeyaalidumesidalasialailu o lloyaaligunseliiug Sumes

Ui

2.6 NTINARBIARFUNBIALYNIN UARTO

luluTnsnouTnsamesaszaa LPC2000" Saseswesadonisoynsuamnilszad
(Universal Asynchronous Receiver Transmitter: UART) 2 Ni]i‘ig’ilmﬁﬂuﬁuﬁﬂ UARTO ung
UART! Tng UARTI dvifiuiudmiunisaadesuTu@n aely vaRT Hedoeinfiaes
fulinuoaisadaluli (Baud fate generator) dmFuaIedyg e innaugudsne lums

s !

Sudedoya uazlisviMesuun FIEO (FirstIn First Qui) 49 14 TuadmsnsunSededeya

2.6.1 Mm3fmuamBuRiE MY UARTO
1u UARTO Snidaydpalidaosnfedidgaio TxDo Bdmsudsdoyangin poo
wozan RxDo Vdmiusudoynagiivi Post
mM31%s00 UARTO Sududromsideuniisismand PINSELO iitesualian 0.0
ua P0.1 ImshanuiuUARTO Taedasdmuaiiaiz-o vos PINSELO Tiiiausiuoion &
Goudumdanund 18
- PINSELO = 0x00000005; -
TeanniiAutefl UARTO Tvianua 10 falnousasdafiuina & oa dauaasly

A15797 2.13
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ndanniifmualdn Po.o tag Po.1 Moty UArRTO udadauudumssmua
siuuunsAarer Aaaeuuy 8 Ia ldmsaseaouiiananainuuile 15U even parity
° . o v = . . 2
$1UUVDA Stop bit TAemMIAMMUARHIUMIT SRS UART Line Control Register : LCR &3

swazdeavedsIamasaaailunsen 2.13

b4
Lt ey

detaruimuaguuunisaeaoifuuuy 8 n Tildwiiada Stop bit 1 fin 9zdes

¥

=y T o £ é = a ﬂ'l 7
Woua 0x83 WRuSTames UOLCR Fudvuiludidanmund1daai

UOLCR = 0x83;
.. a S 9 ar
A9 2.8 FeampI NINUIY 09U UARTO
. . y - = ms | s
) g e | s o Tms| DM | Gm3 | D inl ko L, . HBRATH
ARAD (5L
Receiver Buffer o SN o NNy B | oxEococoan
UORSR Regiser N fivun | DLAR=0
Transmit Holding i | 0XE000CO0D
UITHR usH Auudmgn 15 Mo |
Registes fmun | DLAB=D
o9
3 | 2. w4
—— %g%ggi%n i EHICOM
| 0 3 0ol o Eg%ﬁ%i“iﬁm L\
st W03 \3 s & 2 £
InfermuptID :
UOIR FIFOs Esable i o | ua | w2 TR TS in [“o01 | oxE0DOCONE
Registet
’ FIFO Cortrol g é §
UOPCR Ra g ol ) 0 S| dmC| 0 | oceoocees
Register 5 o [
i 4 E
» |2 » ¢
. C lml n = w - a : iy m,
we | 9 g § g 3lod | 3R\ wadieghsemo| | 0 | oxEoocme
i [a B ] L] Bl e sy
we NN NS
K
Line Stat ,
SR “ | mro | TeMr | ez | B | FE FE OF DR o 060 | CxEQ00COI4
Reglster .
Ermor
ch Pad . ar .
VISCR S MSB 158 . 0 | oxEobocoIC
Register T
Divisor Latch T oer OxEQ00COD0
UIDLL MSB LsB . 0x01
1LSB 1t DLAB=1
Divisor Lakch 14 OxE000CHN
UGDLM MSB LSB . 0!
MSB it DLAB=1
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M3 2.9 AnlszirinvesSSmnas UARTO Line Control Register (UOLCR)

miaves | nii ANUNNTY ATNAS

UOLCR Fuin

1:0 World Length | 00 #380H59U18 5 1 0
Select 01 /MIBAYTIUIA 6 Ua

10 #79ABTVUIA 7 19

11 A9YIUIN 8 19

2 Stop Bit 0 Stop bit 1 1 0
Select 1 Stop bit2 1% (1.5 DA BTUOLCRI1:0]=00)
] ¥ ¥

3 Parity Enable” |0 8NI@0MIANNITALALAZNISATIINITA 0

. ¥ ¥
1 1%'&1uﬂ1iswnw1iaumm:mmsnmsm

5:4 Parity Select—+00 Odd parity 0
01 Even parity

v
10 Wwisatatanilu 1 pasanm

¥
11 Wwisataiautu o waoaload

6 Break Control |0 UALANNITHYAMNIAR 0
1 aygalinganisasls

YNONAYATI UARTO TxD 9ilnraadn 0

7 Divisor Latch., | 0 'lajaungmﬂlﬁuf’f"lmhﬁaﬁ 19 Divisor Latch 0

Access Bit 1 mgtywﬂﬁ'uﬁ"lwhﬁ'mn Divisor Latch 1

y
A o = = T

Tu3%maes LCRUIGaN(5 6091 DLAB (Divisor Latch, Atcess bit) @113 1d09m31)5uan
ypnesAuinveasaszdoudasaiidiiy 1
#1¥84Baud rate generator 15 uA 18RI VA 16 T ifierh 1119 msA1ves PCLK
el ldnudfiqanmauduensa 16 i v‘iﬂﬁ’lﬁﬂumsﬁwmﬁqmﬁﬁﬁf
Divisor = PCLK/ (16*Baud)
lunsfiveaunsasns IX-2148 ag CP-JR ARM7 USB-LPC2148 EXP 1¥nSadanui
12.000MHz &1 PLL i 5 9214 CCLK - 60.0MHz uazds VPBDIV = 2 331§ PCLK = 30.0
MHz #20 81809M158n510a7 9600 bps AT iiAIvIM
Divisor = 30,000,000 / (16*Divisor) = 30,000,000/(16*195)

Mairwasld . =195 150 0xC3
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naaphni laluduuisanueasld
Baud =PCLK/(16*Divisor) = 30,000,000/(16*195)
=9615 bps

Gaiiawaald 0.156 % awnsa i 1A iounasguvesmsdemsuuneynsuamnsody
fusasweaiinanaialdie 5 %

donihAamsi uasTusTamesuou1a 8 Saaeadafo Divisor Latch MSB
(DLM) ua2 Divisor Latch LSB (DLL) Tnanizfidouaiduludsames Div uaz DLL fenia
DLAB doafin iy 1 iodounriudidedisamian sy o Sadouusdannng
It

UODLM = 0x00;

UODLL = 0Xc3:

UOLCR &=0x7F,
wiorzii S suiuiladdudmsuiinuams e UARTO 8% sii
Void uart0_init (unsigned int baudrate)
{

unsigned short u0dl;

u0d1 = 30000000/(16*baudrate);

PINSEL | = 0x00000005;

UOLCR = 0x83

UODLL. = uQdl & GxFE;

UODLM = (u0dI>>8);

UOLCR &= 0x7F;

o [ A da w [} ]
TumsSon19Haidu van0_init() 1zdesdeirdasiuenidesnmsdileidudediusy
] . ¥
ABINIBATILOAT 9600 bps vzAeaSenldHanFudsil vart_init(9600);
dledmuamsiauliiu UART udr szamisofudasiiunefaoynsu1dlums

19 9

=4 - o A o - . . . ¥ ¥ , o A
ﬁwagaﬂmwﬂumauﬂa‘lﬂﬂai%ﬁmm Transmit Holding Register (THR) 19193N1501U0Y 0N
o o ' ' s o =
wwmmuﬂsn@fmmummﬂsﬁmmﬂs Receiver Buffer Register (RBR) 91AR15190 7.1 98
" 1o t o 1 A ] 9 o ~ [ o o
WUNUMBYNA LM UBAYINY 1AM IReuA1 14y THR Wuns@ounaslutiives

U FIFO 984 UARTO Msaumanivsaines RBR Wunssuaraslutiiesuuy FIFO
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' -~ ] A A ' as s A 9 ' '
AouNIzeIUNTolouA1as U ImAes THR #50 RBR 92ADI01UAIA0INZYDS
UART Aauniinmsianaianie 1 Tnosmmaoueis3amed Line Statuos Register (LSR)
T ’ ¢ = =7 % o 9K Py
nou TasmlszdriavesSTmaosuans 18 luaseh 2.15

A1 2.10 UaAsmilsz§11inues UARTO Line Statuos Register (UOLSR)

Aiaves Y d i
i AIIMNTY i
UOLSR , %R
0: UORBR W -
o o
Receiver Data | I : UORBR u%ﬂgﬁwgﬂﬁ'm
0 A Hw e PITR 0
Ready (RDR) | UOLSRO1DM-14in UORBR i1 asinysfits liswm nazé
A7il6 UARTO RBR FIFO/ 319
0+ 12T Overrun enror
= o d
Overmun Error | 1 : UOvermun error IfIAYUY
1 = J A ¥o D
(CE) Overrun exvor iiAdIIN UARTO RSR Thstsggame 1y
iSogiuA 1NeIUOLSR veihemunaiiad
0: 1w Parity error
= = J
11 Panity error 1AA%Y
Parity Error o v ¥ e =]
2 33 swanudneyanivaily UARTO RBR FIFO 1n1s 0
(PE) - AL ISR 1
AawaaeAavse T
o A wsIUOLSR 128 e 1vadTiad
0+-Luf3l Framing error
o & )
1; Y Framing error (NRAL
& ey o ta
1in Stop bit wedieyaifuuiiduily o uaastiRans
Framing Error | d da % a 2
3 Anwarafisudieya tusasiiamsianaafivisudoyadi | o
(FE} - . L da 2
UARTOwzwewwiudoyn Taorh Stop bit Mewaatiut 19
v o d .
tthu Start bit Yoyed1ia 1l Beeevzenideynifgndes
w30 hignies
0: 1il¥ Break Interrupt
Break Interrupt | 1 : 19 Break Interrupt
4 i o v 4 - . 0
(BD o RxDO stmgnmﬂu 0 )M (start,data,parity,stop)
12179 Break Intermapt masuazngah e sundee 185y
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* L
deyniiiiu 1 yniiadnnasa
. ay - W
Transmitter | 0 : UOTHR SunyananAes
Holding 1: UOTHR 7N
s () 1 o dd' ¥ ] 1
Register Empty | UA THRE veqridmaniiu 1 viuifiwuh UARTO THR 114
(THRE) | wasgrdneiudifiinsdous WaUoTHR
0: UOTHR Ling/vTe UOTSR iideyafignies
Transmitter , .
6 1 : UOTHR Laiz UOTSR 1M 1
Empty (TEMT) |, » w a ag o
finfivzgndran1le UOTHR ¥ e UoTSR fifeyafigndes
d N
0+ feyninylu UARTO RBR FIFO lifianana
Emr inRX d< ) 9 4 v a
7 1: doyninfiviu UARTO RBR FIFO adaviouniiaiaiins 0
) FIFO (RXFE) | .
Apmea

nounwg@oudoyal i UART AB3059990UQN1IA Transmitter Empty (TEMT) 989

v

oy 4 [] T o o @ T 1 v T ' ] [] 1 H
35emand LSR AeuinidiesdimTudimiinimielu diiees 1dar1 Sedadoyaldnouie:

81400917 UART A095998010Ia UART #BIA599aa1iin Receiver Data Ready (RDR)
fow dhiidoyandonudaiatisstaniiu 1 5maein UART 13

e saiudoniuiled$i putchar; - dansuondayaiiuau 1 ludldsy
UART uazi o uilsfs getchar() d1M3UD1UA1917 UART \asaa g

Int putchar (int'ch) /* Write character to'Serial Port */

{
If (ch==*\n")
{
While (/(UOLSR & 0x20));
UOTHR = CR; /* output CR */
}

while (! (UOLSR & 0x20));
return (UOTHR = ch);
}

Int getchar (void) /* Read character from Serial Port */
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While (! (UOLSR & 0x01));
Return (UORBR);

o 4 [y o
dmivmsdsudeyasennoiaoynsu TuTysunsu Keil uvision3 13snasouilasa
. @ 7 o
printf); 131ud2 uazddesmsiudeyaninnesnoynsy aunsaldiladidu scanf);Tnodos

o4 #inclode <stdio.h> Na1unS T1l51ag

e

uag scanfl) TNWUIH

i3
Tusunsun7.1 saf 14y

m 5

2 Mator (I LRIART

Output N1519% @ i (M)
R UIN®

11 C e

e
)

Qs
3
X

-

1
!

0

P’
]\l'n 2.3 Inseas9veq Stepping Motor

& Ql' Y o o Y B = & i Y o ] ¢ v Y
whanstiduenansianulidmsunsldnuiionisnwirintu lleygnlmihluldusslomisnunisdn

lidnsdilagiadu dnvivnuiilvidaulasient wagdasdnadadadvesenarsynasaninisualuly



25

b4 R o o 1Y = 3/
Tasead1eung Stepping Motor uaﬂumzﬂagﬂ #39152NBVAIY YADIA stator 4 YA

douseUUNUNYY

o ) 4 ' g . r 9 o
NANNISHIU Ao tevronszua IR ¥ uvaaaa Stator Coil a, b, ¢, d Jundeufy

CY | 3 v

yune dus19onszuali a nou Taslusiolivadu udimudie b, c uaz d SoemudIdu o
9 ¥ a [ 3 o o Y & P 'ﬂ ] o
midifaaunmiman vyumludnazmulunin ¥3d1usa Rotor Nilluniinann s
o ] o 9 P- =1 o
Aagnyuamauimanlude e aumduungn
o @ J = ] 3
Tuhuesdsaiudussenszualdva a, d, ¢, b, a ... Aogld awmimanuyuluy

a o = & o =Y o <
AAN1AIUINLIRN FIdwald Rotor Myumuidinunini a%e 115 IMuanmsves

. o 9 = o E t
Stepping Motor 1118 lnonsilasuiidasaruiswes-n1suasunistienszuaninuaaia

P a P T J
yauila i dnvanilaliiziay

° o 4 g - [
A3 UANIINES 2B Stepping) Motor 11114 Imgmisiasuntlasanuisves Ms

“ 1 4 o Ligwg 4
wlasumsnenszugnnvaalavavile lldenvanie sy

2.7.1 ¥ilavesmfiluemes

I~ P ar = ar ar l!y
arlvawesiwuluilagaiui 3 dnuuzasi
1. WV ENE1II(PERMANENT MAGNET PM)

o

o 3 = ¢ = ¥ P '

matuawmesuul PM  seiimanas (STATORY ARuvaalalimatwa Tua Tesiilsnes
4 o o 1 & y

(ROTOR) lugIns ¥ nszusnituines azlsmesvidamimanoias medleou IWnszuaass

o T4 Py = v [~ Qs ] & 4 o o
IAfvvamawes swiliinaususiman ihadndelames Mlduomos nguuomosuuy

= d 1Y 4 '
PM aziiaussqatalilsmos ngaegiui e liladeulvdhanaia
J

2. muuunksn3inuAua (VARIABLE RELUCTANCE- VR)

[+ s =] ' ) o o
aduemesuuuvr swilmanyulnnes ldediidase ufz l'ldene ¥ Tsmesienas

J" = o o 1 A o ] = @ @
oflsuunudn Mdsseu Hdruaziuiluwaes—3nsanszuenTaveziianuduius
@ o 4 o da & o

TaoasstuswauInalumanes nsefafifaiusg lvyulsmes Tdludunavesdius

] 3 Aa 1 s a’; o o oA = ] . v = J
wimdnnlaE anueuidinga dumdsiezdaudueunazfiedosnmudaziiatiu ldvaien

o o’:' y ' 4 ' Y 3 o 4
asiuletlonlhidwanianieg lunsmeiuandsvaduly A lduemed nyulyl
P [} Q I3 a A o ¥ =S A o v o
AMumtieng dulsmesves VR sziinnuuiooves lsmosiooislinnusiseugeniuenes

uyy PM
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3. IUNON(HYBRID-H)
< 4 Y - /S ¥ w gy ¢
matuewmosuuy H snilugnranves VR fu PM Taoeziimameindrodudiléiu vr Tsines

(Y]

= Y; 4 ao 1 3 ddo '

imunfy Yaediidnyazvesmsudimaniififidsge Tavmsnruguuniazlseveamuan
¥
[YER v

1 23 T Mg ¥ ¥ [} 3 adA 9 = =
wimdnadedamd ldyn msnyuuazaialoouasuiud dednfe dusidagauasivuie

CO: £y = & o [N
nigiiase uazldusgata lsmesHanunaeu lisely

2.7.2 YoAvesmmltweime fiion/Soufvusins fnzuanse (DC MOTOR)
1. msnugylideseifodnsesumanyu
' J s 3 o [} ! § o
2. hideslfulsedu dnludei W liiduiedoedanse uazdaymuesmsaihia (
4 a Y e ] ] o A ¥a o
MiAnnn nidusgewlseamunaudnithlsmes ) nhlRidadyanusunau

3. msmugu laumasesatnoanse tuas Insaaes wlddw lazezain

2.7.3 MINIUAN Stepping Motor v 4 1w

TumsarununsinIuye Stepping Motor damsauaial@aoniih 3 iluuy Ao
> AIUANLUY Full Step 1 wla H?E)LL‘]J‘]JDV] (wave)

> AYUANLLY Full Step 2 sWa vidouuu 2 g

< o
> AIUANNUY Half Step NIDBULAG e

AIVAUILY Full Step 1 e nTouuunvl (wave)

3 £ Y ¥ ¥ d ]
Tumsaiugumsvyueed siepping KUY 4 Watiwsiazdeanszduliuowesnyuliudas

+
=y

step Tasdwnszua I 14 Stepping Razimamuddy udnmsaestnnsenssualdiu

13

4 g { a 4 o o n’: =3
¥Aa9 Stator e 1 nntiunsedmdai 2 uaz lai-a hlSevn mudrdy vamiuiu
[y i - = 3 9 -3 o
ARUANAYARIA Stator 1WA | BNATIAZIY Loop 115089 Aozh11W Stepping Motor My
O o7 QI d
oz lunanduiuddosn1s 1 Stepping Motor MyunduMedAsanszduvaaia Stator 1 4

o ~ g ) 3 as :ay
wer 3 e 2 waz e 1 udrdu ansadoudusounisyanetuaisisesnylésail
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Step 1 OFF OFF OFF zu * m
Step 2 OFF OFF OFF m-.-»ﬁ
E
Step 3
Step 4
Step 5
AUAULVY
TumsnuAY Stepy
yawesnaz 2 e ik mn%zﬁmﬁ'u'lﬂqmﬁ\lﬁ&l
\ it
Stepping Motor 3z} WIMTBINUMEA lllJm'ﬁ LANIFAY

NNV

Step 2 OFF | L ON ON - OFF

= r:él a 122 1 = = il 1! Y o i ¢ v Y
h— b‘sq"a“%?d”.mb“/’.u“. eaRepur 13A1
v
o

(% '
o

linnsallagisdu dnveinudlvdnulailon) uagfio198904d19098nas finsinluly

Py
N
=)
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Step 3 OFF OFF ON 2 ON=

Step 4 OFF OFF ON

=
IE g E
B
BN &

;i

Step 5 iaundy Step 71

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

AIUANNUY Half StepHie ‘

N1SATUAN Stepg Mo or iudnsednY gyl 1IN WHAN lymsnIugums
/ ‘ i SHUE 15 AT aviag

WYY Full Step 2 '- Y YN o 1l ISR a

HYUVDY Stepping
aag%ﬂ ANATTN
VIR
‘ 39
e

o)
m

9y 1
ATUAN

Step 3 OFF OFF OFF

Step 4 OFF | ON ON OFF m \ 'E

] = Yo 91:' B = | 5' ! ) 9 ¢ v Y
lohansullulang Sﬁ/]ﬁj’]‘]ﬂjﬂﬁﬁﬁcﬂIﬂ’ﬁ%ﬁ’ﬁjw\m has@nwaasil lslauaneldin ﬁﬂqﬁhﬁ‘ﬂﬁ’ﬁjﬂ’]jﬂ’]
o

Lidnsdilagiadu dnvivnuiilvidaulasient wagdesdnadadadivesenarsynasaninisunluly
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Step 5 OFF OFF ON OFF m

Step 6 OFF OFF | O8N

=7, =W
[ 1AL

\/\:}.—a.“l‘ﬁ ﬂ;mq&g‘# ﬁmﬂ%’amvlé')

Step 7
Step 8
Step 9
97
A
XN
2.7.4 38n3n3 L
oo Gy Sn G e
'Iu'nmoun 11w ﬁ}a&m YD é J oSNt WL 1E HIWW -polar stepper
™, G510

motor) U 5@3}7?6 6 \(3
Tudunenii 2 193me s %ﬁﬁ@“@gm;ﬁunmkltﬁﬂﬁ’ /17 $unounsda
mmwiidediugasudonou R s 3 rums Sasm
S urazdu dunafisnnudum smne 1 183asznia adesam(commeon) fu
mousiazdu sanudmmuesiiandu 2 mvesmsiassnigaseswdumeildon
Fethasu $11%ga B ifiugasan mniaszniieiign A fuga B wfiduiify 60 Ohm udd
Saszninafign A uazqa C 9 hildgaswies 18R WIRD 120 Ohm mindununiifens 6 iy
fuzilgadamansgn msrziivanianuazgaiu uazmoiiiugasaduingjezidmioudy

° a2 o A Yy 4 = ' a a v i
'ﬂ’lua\uﬂﬂ'JﬂUﬂ']ﬂl‘ﬂul!'].lﬂ'ﬂllﬁ’lﬂ 5 lﬁ'uﬂﬂzn'ﬂﬂﬁ')ulﬂf]qq@lﬂf]?lﬂ'luu
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wnansiiluenarsnanulidmsunsldanuienisfinwwingu lueygalmhlulduselesisunism
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s Ohms\

31N 2.4 M3 l4iimes Taaanudumu

o X = o o 1 ] a ]

Tutuneut 3 minidununiiars 6 idunldinisdegasudidrosuse 18y 5 du udade
@ z o da o ' A o
29sA JUndanniiuinasesnaaiag AnedinuuAazga Taeisuh 9a A 39 B 92 Cuaz
[ o 3 T ' ¥ 1

97 D udr i Funamsnyuvesadtewemesauyu ldneilomse lu mnfinsnszlaa
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A
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. 1 g PCAr: o, o
N 25 uaasmsapasssiiianaasy Tauns aiadtwendiny

2.8 fionen due T)siwa¥s (Digital Image Processing)
L ’
msdssuananndlspounamesiy Tasilddwnsaninisuiwwneomiy 2
UszinnIngqdodu Ao midlszimenanminssdudt (Low-Level Image Processing) (tag

ar é = ]
miﬂszmawamw“lus:ﬂuqa (High-Level Image Processing) 0111309 TUIUANUUANAN

¥
w A

voamsszaaananiwi 2 iy 4@
msdszuananmmwiusedud iy Hunslszanadvnuioumuaiond
wlsareanetinodeyanin Lmzﬁwﬂsxmﬁﬁﬂzmﬁmﬂsmfhﬁy'lﬂ_“lﬂi’f'iumiﬂwmawamw
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Tuvazn msdszuananmluszdugefensildnouiuneszsnuazidilanmla
1 3 o ar [ et v 1 = y © I
i misadigluuvvesdasnys , uenuoz SaghiizUsuendais hilva@uigndmua 13,
o b ¥

nseas lunihau dudu

A dyu T ar o ; Y]

FeTassauiifaldinilumslszananadyananmiuussdud msiednyazaes

T 14 ¥

MIUszuranan T MMSUINITZNINAUNINNAIRY IR AU HAZATIVAOULINILEE

ANuMUIsYIn NS UIdan 14

2.8.1 NIMUITIUNIN (Segmentation)

¥ v
msudsdmumwindiypifmimvenwavesiagatslunmusnaseuyalagd

i 4
=

' o o 1 o 3 4 o n’: ’ T J 4 2
uanensfiuldannsaiunamuanaesstneth ldssananadugede 11 18wy Fadsil

ﬂ ' Ao ﬂ ' = a Ve q’: a Lot ] ﬂ 4{ ar
hudwiiulusemsdinsgiamniaglunmin ivinalngimle , aauladununds
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oz iagnanuanniieguinls aftunsmivdanniuiluduguiduiudm mssuazms
o .7 t:{ T )13 Yot a' J é T
aTuioiagnoglumn aunsegniszuisnalao llsunsy 18dnaz agaand sl Fanisuaie

1 Aﬂ" o 91 o 9 Aw 3 o = ar [ P ) A
dwtannsai ldneg leemsthdeyanmnsudhinb lunSeufeinuainidmitese

' v o . o ' i
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(Binary)

d
2.8.2 M1 un3¥laon (Thresholding technique)
o L= A Aol W 9 ' a
msinsslsanne iluimaidnidiylunstszmanadionmluduveansm
o 2 s o o & s
BRNANN FegmlszaafassnmsRamauuinw Ao msuonesftsznevveanin i
[ t 1 o oo g [} P
dunlsznovdess NlANBAUATEAUNIIMEn MBI agauilsznouignuenenn
n’: o 1 4 1 & o a ar o
dweegmi lissurananwiudiudnldaell damsdisntminmaziindamsiau
o ar 4 { o =
TuwarRniumenvedny fis eniauendnyazMysennINamRNeudy lAuazmailn
° - Y ¢ ot o & [
msiunsalead Fdoiudumaiinlumaienssdusznevvesnmivomaianiisindnns
1 Ao L ] ar v 9/ ) ~ (Y] s Q’: =
7 amwhilguauidegluselagwgadaiungu1dTaonssdvanudy dumusofias
) L} L] L] Lo T QU é A w
uvwennguvesgamweendlu 2 nguldedisdanu Ao nguueaing (Object) Fsreiidnums
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dnnuduegizninnguisaes vudalaunsy szavanuduvesnmudihnmsasindeuud
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azgaMMNNLM glxy) HosniAunsaleas Anonifluganmussingiuaaslddiogad
1 ' ;‘,’ = ' A [ -2 T 1 ; o A
LAUINIIYA g(x,y) uuummnmm':"e‘)mmvmmsﬂaaﬂnaﬂmﬂuqamw“lu TIUNUHDIN

i
Yo A

Fd '
warae1ddaogaun datudeyann ghrxy) ikumsimsa Teadannsaton 18dsil
IF glx,y) = T  gthr(x,y) Object = 255
Else gthr(x,y) Background = 0
A A'I 9 9 d’ ' Y :; ' ' 3’ ar 1 [ d'
Feludoulvieduilmoyinuih auluamedagiahanhiiunds mndudumsmingd

9

1 ‘3 w A 1w -]
Tl\iﬂgﬁluwuﬂﬁ\iﬂﬂ'ﬂ\’ﬂ'ﬂ?ﬂﬁlﬂﬂzl!'ﬁ

=h.

Tag

Intensity

0 10 20 30 40 50 60 70
frequency

1 2.6 uansda TaunsuvesszAUANUITUYDINTWUIA 256 TZAY
A 9y o A g ° 9y 1 o a =
m't'l'lﬂ‘lfl'lﬂ'l'iﬁﬂy'llﬂﬂ'lﬂﬂﬂ'ﬁﬂ'll‘VliﬁTﬁﬂ?ﬂl]lm'Jﬂ'lWﬂN'luﬂ'li‘ﬂ'll'ﬂ5ﬂiﬁﬁﬂl§1ﬂ1ﬂ'ﬁﬂﬁﬂﬂ

1 - = ¥ =3 a o ! U '
dneganianamluuid  (Binary Image). nuangmﬂmmyﬁ{numn Ao z%‘ﬁmn salapd
LONANTUIULDNATNENIULIANNSUNTS LT ULNDNISANYILN1ULU M@HZ‘QWWIVIUW Ulguszlavsun1unisan

Lidnsdilagiadu dnvivnuiilvidaulasient wagdesdnadadadivesenarsynasaninisunluly



33

1 J 4& o L\ o dy o L] o '
wilns Famssmuasvesmsnumsaleariamisoilded 2 jluvy Ao mssmuasun
'3 4 3 S as 0
salgamuuunIinaoAnan M (Fixed Threshold ) uaziionds fAe thonAunsalsannn

52A18d 1ALN5Y (Histogram-derived thresholds)

‘ 1 v
2.8.2.1m30180AUVUAINARBANININ (Fixed Threshold)
& 4 4 o ¢ myd o iy ¥ o
sutumadenuilsignldtunsalaad lao lildsududeyanmildwnlszua
° ] dy yad 2 Y 1w Aoty 9 Y 9 g o ﬂ =
walaomsiuuil 1ddaelosmswudiniagniiddunng lagnne Buuiuvdsnidud
4 " 4 [
vmsedeouniing lasiinunds dpsiinmuadniniiuanea Asiuudusiaunsonen
1 o & o o da
Aunsaleadiiiu 128 MnszaURaMiTuYeIn N9 0 D3 25518zt IR maansi 1d
v = 1aa £l ay o = ' ' AN By 4w 0
andeanniige uaIsnaudziidosidanisiinna e dlavesiutaiiam liasiudezii

WiRansAanaa lidsasriringla

d J
2.8.2.2m1u'iannmnszﬁ'uﬁufmmm (Histogram-~derived threshold)
a9 = TA™ Sl 1 Wl a ¥, & @
Tunsaindesyan e uoiueiamatuluadnuesiag . (Miemuvpaiumg
A & y 4 o e X = @ 9 Al 4 =
wiolusisaesdrudaann luansnivwl/ S amiaunaussaLmnuELyeInmninavLeI9il
9 i
Snvaizdagll | Wefu lumrianuain iaadsnamens it Seemnsaldnannsves
msmsAunay | (Mean)’ $ziaiEaunanianmanungigaiussRnaaudananudy

| L 1 dw
amgagaruny Tagaiunsogans Tdasaunsae il

B EInsunsuiEaIAm e IR

o
anua
(o)}

1 20 39 58 77 96 115134 153 172 191 210 229 248

anuy

4
= v v @

g1 2.7 nswiFaTaunsuinindsiuingliszauanudumwlinanasiuun



34

T = {h[g(x,y))(Brightness) + h[g(x,y))(Darkness) }/ 2

Taoh  hlg(x,y)](Brightness) Ao Auad19v033aRN$ UMY Aniwa wInfiga
hig(x,y))(Darkness) 18 ANUIAvEIgAilT UMDY RAwA WInTiga

£ A o o ¥y y d o o 1% o 1 ol
mmﬂmmsmuammsa’iaaﬂmma ﬂﬁTiJ']Sﬂ'ﬂ'lﬂ'lﬁl.“]fﬂlllUﬂﬂ'lwllﬂjﬂﬂu’lﬂ'l!ﬂiﬁiﬂaﬂ‘ﬂ

=4

1Evumualuaumsnound1édnun

2.8.3 nMansna IR (Color Segmentation)

¥ ' 14
TuTnssnugail Idhmsidenlddnosiimlszuaanalu T sunsuegdofurisvua

T ﬂ [ k| & g o = o &
0el 3 AAUNU BINIHNUADTL ul!llﬂ"lﬂuﬂ LAY AUIU LT U (Lmuﬂ‘ﬂfld'mq) mﬁlﬁ@ﬂﬁ

G

1
1 o v

Aaen 1Sl ddinadms i InsenssesnuuugIuus dsensye i lunisnsesd 14

s lgaduan il wwa
oAy

) ’ ' :I‘ 3 J 4 o
AMVLANAIIUBINGUUBIYAT(Color Pixel) VOIINLMN 1M 921HU I (dlprnmEAHi

» ¥ 4 ¥
Saquiiiieanunulaslfidussaudmudr s ld7alnunsuntie nuuanaedail fs Fii1

q
1

Auignuiasiinanaiiiuimm (Gray Colod) udgilszhunimainn 0<5zduaduain >
64 31z NAINNouA TNAIEOL, AuA ez eguiian 64 <ITHUNAIN > 128 tazdiiie

as v g ) ¥ ' [ = @
128 < 5EAUANUTIN > 255 %zmu'mmﬁmem)znﬁ: mmﬂuﬂqmamqmu"lﬁ'ﬁmmu

2.8.4 M3 szAURnNnlunIN (Pixel Accessing)
& P ] % ¥ o et ' a
mwwuamww'sm«mgﬂuuﬂszﬂau"lﬂmmmﬁmmnmmu ABANULANATINUYDI
o = d & o =1 9 = as 1 (] : A
sgaudauluvue FeFanaisweariuduAannmsNguiuIEn AN Y e tag

= : Y A - 9 ] 2 A 9 =t ” = 1
@ wagrhisy Wernsandrllfegatnigavesmwilszaenldaieged 3 9o degniSend

¥ i
Ve o =4

=y | A fd
vinwa (Pixel) 9ztsznov ludeuidnamuft e Tud % i sdag)



35

Blue 0.41% O%

T.2235 0.1294

#5176 0.1922 0.0627 Green 0.1922 0.2588 0.2588 06
0.5176 0.1294 0.1608 0.1294 0.1294 0.2588 0.2588
flo.s176 0.1608 0.0627 0.1608 0.1922 0.2588 0.2588
G490 0.2235 0.5450 Red 0.7412 0.7765 0.7765
490 0.3882 0.5176 0.5804 0.5804 0.7765 0.7765[196
Q 0.2588 0.2902 0.2588 0.2235 0.4824

2235 0.1608 0.2588 0.2588 0.1608
g_ 0.1608 0.2588

& = - L= =1 :‘_q
7 28 ueeain g yosn Tl szne EoT iR 09 sl iy

4 Ao 1w i -} = -4 T | @ 1 4 FY
Fanaduaahusan Ve smasngadueldy Detnd | ganmgeniildgn
¥ v ¥
fmualiuaniduasuiud’ Cnideuatusninda ) Sefuisugaia i inman ey
o v
wieuniunaed W 4wid feo naeh | laRY oo IET satiasyi adad 313W awdau
4 1 ' ) § 3 u’:’ =3 1 ~ r 3 a
weldiedonndily, lunisdnuusinaca i fezliibivaong IWaliaaviniui
a [ 1 ° LR v A =Y 1 4 A o Y]
Anaine (AN hignmidua lasteAUBAlAnAsING255 TeMIviTe 8 U9 daunmaenizal
] a’/‘ ar ™ ° s : a =
oguuuiy  uazd1gatnis’ Dot “asnangadifmalilianinade vapd insmunezan
Y
Y 1 a =1 7 ay ¥ " @
DU UMLA LazA LTS TR U aDAN 1z oI LA 1A 255 IN512a
i -
dnivziudin
[ a’/’ @ a (=1 4 ° [ 1 1 o =
suiumsdhdsdeyanmlusedufimanmoimssumanueieuesdaneg il
' 4 o =) a [ A ° = N 4
yinaun lsthanertihysoumeununinanneznnsuend  (Color Segmentation) WIN13
A i A da o P P A w B o v A o
nSuuisuaiinfemsinsaleaadiues Faziivanegdn 1AY0INIMAINANNTTALANY
v = 1 ] (= 9 9/ a 3 o 9 = 1 ]
ansvesdaieglurvendlatng SauuAaNnMmINNAssnsuuianuaIey lu
v ¥
1 o A = 0 v = A0 a = &
SMVBIFTUTUNDR (19U ANUAIVBIRNYE F1IU-Fuas-FIV07 = 150-90-65) BINTNTIY
Awlddoycad rnulla:qa'slaézsl " oo wzd‘
YoegAdnINa1 Ao Hiudu Wewanda i lgmhiaununsadeiiauiny (255-0-0) AT
o Y 1 a r " an o ‘o o [
foaimstSuanuainevesiianluydana1d (Pixel in Dot) lag3smsviunsaleadasnnan

0113187



36

was s 1AM imsuend (Color Segmentation) lUudr drduselufezdlunis

Asviuniensnmsiinuesing Negaaulavesnin ;Sonin Object Tracking

2.8.5 M3AAAMIIAY (Object Tracking)
= v . A o ) o P
szuUh19msUszaanagLnIn (Image Processing) iVen1sfALnvSoas19m1iagh
i1 n’: [} Y 9 Ay ad A A B &
asansnngUamiiuTasdumnnudiezdediiinslaitmsuilanes 1daamunsousnues
Joqhdoamseeniningduq Auzthandulugdesnl#ld i l8NdRaduTEmsegna
9 @ B oaad ‘id_l o o a a a J o a
wpuaenu Fesmihendlul1ddmiums@ouTsunsudl 2 wuy deil F3usn msuunds
o b ) . : . o
NULULLY (Template Matching with Distance Transforms) U39 (Model Comparing Method) 4
an a anda & v Y Y 3o ot -] ra
FEnsiduiialianutengunoudisgs I ldsusUnmaTan i lined  udAfinam
v g = ’ ] o ' ¥ &
FugoulumsesniiuiasmslionTdsinsuedinnn ez ldnalumsiiuneudiegs #

] o [ o =, v r o Y
sznanlisudwannisvenisinuvesdiusneoisniaail

b
2.8.5.1 maunsanalaalsmanouiuduny (Model Comparing Methed)
= i ﬁ' { a o LY { I A
Tu3sis sz dedidendinndununsn fs duluy (Moded MveldiSeuiiodson
TRangdentniffosnissnageuudrhnmi Wnvhnsfanoud i lisuiinlugy)
e -] 1o T 9 s AN 3 ¥ g3 o =] ¥ A
nll ahumwsanvussuvesibaulugl) ndsnnitla lieamudihuny Aivese
% >\ - = o o g Y o
M3ldau dudelunnsangdnmiszibymhmsunsanaluntheu Taveginseunnnisuon
1 A it g 1) ] & d.. - ar 4
dunm asluiifontavaveun (RelisisdenisiSendiou) viehiinduluie Edge
4 ° 1 o =t 1 ar o { o 3 3 T
Detection 110 lashimsnssuginiwnezea liln/Seumouiudi TuaafifiuTudniv dude’ld
o ! =t ' @ 4 a ] .
AituduvesnnsuSofguszn i lueaduglnmw. FesiEmanaldm3tSeudioutn
S 4 ¥ gm a ¢ T, : 4 g am & A o
Juniniunfe Anunud namadesu (Distance Transform) uaznilaluiTmniuAeoitves
¥
Hausdorff Transform 1@z lvesnandesvazidoalusisamuaniidonnifuvous
ar o ¥ Ay dy o f-? k3 ¥
lundnmsaneariade Ml lanarunil vennnezeuisarhmumsnislumbau 'l

o

wdrdmnini lddhmsdamsiu Tuealddugudeyaimnzmudusnzansosas

i
ar 1 =3

3 ]
lumihwsedinhauididseglunmminduauq@erdusuiidu B3 lugudeyanse hilden

Yés]'ilﬂ Fonn ¢ ialiﬂ’?l’@q (Object Recognition)

U4



a7

i
2.8.5.2 MIUNINNIAUM IRALENTNIBNTBIT (Color Filtrations)
a 4 o g =] i 1

Fhuatasignluhnfluseneyeil meranmwszdnlslulassnuiimousid 3

oA oA o a R ' & A o q Ya 3 A
§ Ao Auas Fvd vazdiniu wmniu Sehldiianusadilumsdsznonaiiosninms

¥ ¥ ' v b4 '

unsnnauvviiee Mmdnmsnseaeioun ludesmsiall  Wmde PBuadvesingidosms
" o ' - . A o = oA ) =4 a
piiu uamsnsesimiumntidyanusuniuidiud@fvaduiagidesmamlunm fzida

a A’ [ o’: ¥ P | g A o
msAanatnlumsunsnnald Aniuszdesmilafsdanzunsnisdioedailymives
o > & ' ' ad o Ao " Ay A )
Fuanusuniueenl) nmiusanhnguuesdiiegluiaghfivinasinundesmsnieli &

N __ -fl o '

1 o g e o d
Tohvzihmsmvenwanieiriivesings wagumiagudnalavesIngoenuusn

a2 ldnnanazihn 1 1dud

|

\

o

S
;Jigla”sn

" e

giiiif

\é\k‘\%ﬂb LQ
\‘1 ()

> £ o 9 1A @
Yuaaansnaniia sin% Tua I Muala A NI
2 gﬂpa’\
WL & [ORIRNIGEL

AN 255-255-255 = R-G-B (A0SR ‘
1@ FFFFFFR T azmiunuSnuiimsdousiv

Aouunudedyandnysiiaugudunney

o ' 1ay a a ¥4 24 2 s oA oo A
AusgrMaidvznad lvivuingslumsunsnnalasmsnsesdazte nmiunedyy i

sunIudeamdnoen h

A ::4' ¥ o [ v B = & 1 Y o ¥ ¢ v 1%
wnansiiluenarsnanulidmsunsldanuienisfinwwingu lueygalmhlulduselesisunism

lidnsdilagiadu dnvivnuiilvidaulasient wagdasdnadadadivesenasynasaninisinluly



38

1Nt 3
MILBAUUVIATNIITIN

serldndmihiinseny

druvesrensiniaew lnaesieuann@funivunseaves LPC2138 1z 19ya
WA RealView Microcontroller Development Kit Version 3.02a Tavldaonlnaes CARM
199U5N Keil 199 15151 Evaluation fioyanaliainiTnamnldnaaenlifiu 16kB uaz
FraiIna ldsunsudt 18119 umanisd ndannaew Ind 1diu Indnmunses sims
TlsunsuasdyluTasneu Insameiase 5N LPC2600 Flash Utility ¥9IU5HN Philips

4 .
ssoyanalildan 1w

3.1 %0¥lA1I3 Realviéw Microcontroller Development Kit V3.024

Aeuaufdaniinsarsi Tnapaaan 5n anaoina Tl lydvasus i Keil
Tavas i htph/fwvww keiteom--fmagma g sothare  Downloads _nantiontiide
Evaluation Softwage (i nyagaTiu Innsse i 13950 osamedontenatizeinana 14 Tu
fidoz 13 vddto mdk02hieks S o anlgiie Anda Tilskpss Taslsuns bz uaas

AT RRMTEL TR

Setup Realview Microconttoller Bevelopment Kit V3.02a

wétcnme téxenwisiona S : DZKEI L

Release /2006

uMcwpmy

y "}"’
“ This SETUP mog%
Real\'iew Mlcm

This SETUP program may be useﬁ’!umdag% &%tmeﬂﬁ
However pou should make abackup copy

Itis recommended that you exnt all Windows plog:arns beforé continuing with SETUP.
~ Follow the instructions to complete the product installation.

i g ¥ q’: a u’a‘ J J .
jﬂﬁ 3.1 MNATUADULS NVDINITARAIEENALIT Realview Microcontroller Development

Kit V3.02a



39
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Color Filtration and Object Positioning
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3.5 Flow Chart Object Tracking Processing

Funmenndes

L

Color Segmentation

Color Filtration and Object

Positioning

4

T TGE AT A T AR

Tagognndhounase NQIIN19UNUeID
umafifmus L A iuAvlfmua
Aumivingiieusy
Sw ATy AGHIND 9B /i

- 1 14 a -ﬁ
wnnnagingauiunidmua
R nrMIQIREUALINTY
@uvih - peandy
1A

nadngdnaufudiidmua

¥

Ualusunsy

it




47

uni 4

mInaastazHanIINaaed

1 4 { [ [~ Y
AudmueinisinasunusaRobot 15114 11sunsuszauanu§a1l 3 seau

4.1 nanudiszaun 1

|
| |
-
f

;"
|

! A

A |

nnvidyana
Risetime
Vimax

Freq

Duty Cycle
Falitime

ERL ORI
Risetimie
Vimax

Freq

Duty Cyele
Falltime
pavlaeygna
Risetitne
Viax

Freg
Duty-€ycle

Falltime

nnvidyans Po.19

Risetime
Vmax

Freq

Duty Cycle

Falltime

P0.16

PO.17

P0.18

1.600ms
3.32V
4.999Hz
25.00%
1.580ms

1.580ms
3:32¥
5:000Hz
24.99%
1.600ms

1,580ms
3.36V
4.999Hz
24.99%
1.600ms

1.621ms
3.24V
4.9'99Hz
25.00%

1.600ms



48

nymdgyana  P0.20

Risetime 1.559ms
Vmax 3.12V
Freq 5.001Hz
Duty Cycle 25.01%
Falltime 1.579ms

namldggna Po.21

Risetime 1.449ms
Vmax 3.44V
Freg 5.000Hz
Duty Cycle 25.1M%
Falltime 1.863ms

pavaganm | Po.22

Risetime 1.621ms
Vmax 312¥

Freq 4.999Hz
Duty Cycle 25,02%
Falltitne 1:643ms

nnvivgnal ~P0.23

Risetime 1{519ms
Vmax 3.60V
Freq 4.999Hz
Duty Cycle 25.06%

Falltime 1.667ms



4.2 NAMuIIIzAUN 2

49

namidgyana
Risetime
Vmax

Freq

Duty Cycle
Falltime
nImaaean
Risetime
Vmax

Ereq

Duty Cycle
Falltime
naioyanal
Risetime
Vmax

Eteq

Duty Cyele
Falltime
nIwayanw
Risetime
Vinax

Freq

Duty Cycle

Falltime

P0.16

P0.17

P08

P0.19

810.3us
3.28V
8.333Hz
24.98%

760.9us

831.5us
3.28V
8.333Hz
24.96%

761.4us

780:0us
3728V,
8.334Hz
25.00%
779.9us

810.2us
3.28V
8.333Hz
24.99%
800.0us
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namldyans  P0.20

Risetime 800.0us
Vmax 3.16V
Freq 8.334Hz
Duty Cycle 24.98%
Falltime 760.0us

nrmldgyana  Po.21

Risetime 769.6us
Vmax 3:12V
Freq 8.333Hz
Duty Cycle 25.00%
Falltime 789.6us

anvagen  Po.22

Risetime 810:5us
Vmax 312
Freq 8.334Hz
Duty Cycle 24.99%
Falltime 770.0us

nniTyaNal P0.23

Risetime 821.3us
i Vmax 3.08V

Freq 8.332Hz

Duty Cycle 25.01%

Falltime 810.5us
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nnrdyana
Risetime
Vmax
Frequency
DutyCycle
Falltime
namisggu
Risetime
Vimax
Frequency
DotyCycle
Falltime
aiaaanal
Risetime
Vmax
Frequency
DutyCycle
Falltime
nalaaa
Risetime
Viax
Frequency
DutyCycle

Falltime

P0.16

P0.17

Po:18

Po.19

280.8us
3.68V
16.67Hz
25.40%
337.0us

300.9us
3.44V
16:67Hz
24.74%

429.4us

290.2us
348V
16,67Hz
24.75%
436.9us

304.7us
3.48V
16.67Hz
24.76%
476.0us
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nymdeyanas  P0.20

Risetime 279.5us
Vmax 3.48V
Frequency 16.67Hz
DutyCycle 25.40%
Falltime 337.7us

nymaagoa  Po.21

Risetime 296.8us
Vmax 3.32V
Frequency 16:55Hz
DutyCycle 24.59%
Falltime 328.5us

avinenal Po.22

Risetime 286.51s
Vmax 348V
Frequency 16,67Hz
DutyCycle 25.44%
Falltime 362.2us

nsmiaejana Po23

Risetime 282.Tus
Vimax 3.44V

Frequency 16.67Hz
DutyCycle 25.39%

Falltime 333.1us
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+ lwvoid g fastcall TFormlazButtanlClick {TObject| *Sender) [

3 p",count)

fe cvCvtColor (Image, GrayImage, CV_BGRZGRAY) ;
. cvShowImage ("Live”, Image) ;

. cvCanny (GrayImage, EdgeImage, (float)edge_thresh, (float)edge_thresh®3,3);
. cv3hovImage ("Edge Image”, Edgelmage):

31]'?1 4.1 MINANDINIVBUNIN (Edge Detection)
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4.42 manend (Color Segmentation)
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Tusunsaaauvea Digital Image Processing

I

#include <velh>
#pragma hdrstop
#include "Unitl.h"”
#include "Unit2.h"

.
"

#pragma package(smart_init)

#pragma link "CPort"

¥pragms resource "*.dtm"™

TForm1 *Form1;

static CvCapture*capture = NULL;

statlc Iplimage *image,*red, *green,*blue, *dst,*image1,*image2,*image3, *imaged ;

1.
H

__fastcall TForm1::TForm1(TComponent* Owner)
: TForm(Owner)

{

Cn=48;

}

1
i

vold mousemovel{int event, fnt x, int y, int flags, void* param)
{
H{event=—=CV_EVENT LBUTTONDOWN)
{
/{Form1->Edit2->Text = Int ToStr{%);
{Form1->Edit3->Text = IntToStr(y);
Formi->B =~({(uchar *)(image->imageData + y*image->widthStep))[x*image->nChannels + 0; / B
Formi->G ={(uchar *}image->imageData + y*image->widthStep))x*image->nChannels + 1); / G
Forml->R =((uchar *)(image->imageData + y*image->widthStep)) r*image->nChannels +2); // R
Form1->Edit]->Text = IntToStr{Form1i->B);
Form1->Edit2->Text = IntToStr(Form1->G);
Forml->Edit3->Text = IntToStr{Formi->R);

)

1.
if

vold __fastcall TForm1::Theshold()
{
if (pl==1)
{
cvSplit(image, blue, green, red, NULL);
vThreshold( red, red, ScrollBar 1->Position,255, CV_THRESH_TOZERO ); -
cvThreshold( green, green, ScrollBar2->Position,255, CV_THRESH_TOZERO );
cvThreshold( biue, blue, ScroliBar3->Position,255, CV_THRESH_TOZERO );
evMerge(blue, green, red, NULL, dst);
cvShowImage("dst",dst);
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int B;
int G;
int R;
if (p2=1)
{
for(int j=0;j<(dst->width);j++)
{
for{int #=0;i<(dst->height);H+)
{
B=((uchar *}{dst->imageData + |*dst->widthStep))]j* dst->nChannels + 0]; // B
G{(uchar *)dst->imageData + I*dst->widthStep)){j*dst->nChannels + 1]; / G
R={{uchar *)dst->imageData + i*dst->widthStep))[|*dst->nChannels + 2]; // R
i (B>=B1)&&(B<=B2)) / B
{
{C=CN&&(G<=G2)) /| G
{
H(R>=R1)&LE(R<=R2)) // R
{
({(uchar *)(dst->imageData + i*dst->widthStep)) [* dst->nChannels +0]=255; // B
({(ochax *}(dst->imageData + [*dst->widthStep)){]* dst->nChannels + 1])=255; // G
({(uchar *}dst->imageData + i*dst->widthStep))[§* dst->nChannels + 2])=255; // R
}
else
{
((uchar *)}dst->imageDatn + [*det->widthStep))[j* dst->nChannels + 0}=0; / B
((uchar *}dst->imageData + {*dst->widthStep))[j*dst->nChannels + 1}=0; // G
((uchar *}dst->imageData + 1*dst->widthStep))[j*dst->nChannels + 2}=0; // R
}
}
ehe
{
((uchar *}dst->imageData + i*dst->widthStep))[j* dst->nChannels + 0]=0; // B
((uchar *)}dst->imageData + [*dst->widthStep))[) *dst->nChannels + 1)=0; /G
((uchar *}dst->imageData + *dst->widthStep))[j*dst->nChannels +2]=0; // R
}
}
else
{
((achar *)dst->imageData + {*dst->widthStep)){j*dst->nChannels + 0]=0; // B
((uchar *)(dst->imageData + I*dst->widthStep))[j*dse->nChannels + 1]=0; // G
((uchar *)dst->imageData + i*dst->widthStep))|j*dst->nChannels + 2}=0; // R
) -
} HHor

cvShowlmage("threshold",dst);
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1_max=0,i_ min=dst->height,_max=0,j_min=dst->width;
for(int j=1;j<dst->width;j++)
{
for(int t=1;i<dst->height;H-+)
{
i (((uchar *)(dst->imageData + i*dst->widthStep)) [j*dst->nChannels + 0])==255) // B}
{
H# (1 min > i)
{Imin=i

if (I _max <)

{imax=i;)

i {j_min>J)
£§_min =} 3}

if(j max <j)
{{max={3}

cvRectangle (image,cvPoint(f_min, min),cvPoint(]_max,! max),CV_RGB(0,255,0));
cvShowImage("Mask",image);
)
if (pé==1}
{
int ab;
a=~((J_max-j_min)/2}{ min; // cen.width rec
b=((i max-i min)/Z}+_min; // cen.height rec
i(1_max—0}
{
Cn=48;
}
else
{
if (dst->width/Z - n <-20) // Right
{
Edit10->Text ~IntToStr{55);
Cn=55;
}
else
{
if (dst->width/2 2 >20) //Left
{Edit10->Text =IntToStr{57T);
Cn=57;
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—

-

if ( dst=>height/2 - b <-10) // Forward
{EQit10->Text =IntToStr{56);
Cn=56;}

v

I ( dst->height/2-b> 10)  // Backward
{Edit10->Text =IntToStr(50);

Co=50;}

else

{

i (_max_min){imo-ino}>40) _// Backwara
{
if (_max-]_minH{jmo-jno)>40)
{
Form1->Edit10->Text =IntToStr(50);

Hf ((tmo-ino)~(1_max-i_min)}>40) =/ Forward
{

i {(jmo-jno}(]_max-J min)>40)

{

Form1->Edit10->Text =IntToS{56);

Cn=56;
fo=1;
}

}

i (fol=1)

{

Form1->Edit10->Text =IntToStr{48);
Cn=48;

Jo=0;

}

Yip4



}

vold __fastcall TForm?::Button3Clck(TObject *Sender)
{
capture = evCaptureFromCAM(-1);
cvNamedWindow("image”,1);
cvMoveWindow("image",10,400);
ScrollBar]~>Max = 255;
ScrollBar1->Min = 0;
ScrollBar2->Max = 255;
ScrollBar2->Min = 0;
SerollBar3->Max = 255;
ScrollBar3->Min = 0;
H{captare)
{
for(;;)
{

#}cvGrabFrame(capture))

break;
image = cvRetrieveFrame(capiure);
cvShowlmage("image" image);
Theshold();

H(cyWaitKey(1)>=0)
break;

}
cvReleaseCapiure{&capture);
cvDestroyWindow("image'');
cvDestroyWindow("mask”);
cvDestroyWindow("threshold™);
cvDestroyWindow("merge™);
evReleaselmage(&image);
cvReleaselmage(&red);
cvReleaseImage(&bine);
svReleaselmage(&igreen);
cvReleasehnage(&dst);

}

}

4.
i

vold __fastcall TFormi::ScrollBar1Change(TObject *Sender)
( -

Theshold();

}

I
i

vold _ fastcall TForm1::ScrollBar2Change{TObject *Sender)
{

65
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Theshold();
}

m
#

void __fastcall TForm1::ScrollBar3Change(TObject *Sender)
{

Theshold(};

}

7.

vold __fastcall TForm1::ButtonZClick{TObject *Sender)

{

pi=1;
red =cvCreateImage{cvSize(image->width,image->helght), IPL DEPFTH 8U,1);
green ~ evCreateImage(cvSizs(mage->width image->height), IPL_DEPTH_8U, 1);
blue = cvCreatelmage(cvSize(bnage->width image->height), [PL| DEPTH_8U, 1);
dst = cvCreatelmage(cvSize(image->width,image->height), TPL_DEPTH, 8U, 3);

cvNamedWindow("dst", 1);
cyMoveWindow(" dst",360,400);
cvSetMouseCallback(" dst",mousemovel,0);

cvNamedWindow(" threshold”,1);
cvMoveWindew("threshold™,710,400);

cvNamedWindow("Mask",0);
cvMoveWindow("™Mask",360,50);

void __fasteall TForm1::ButtonlClick(TObject *Sender)
£

R1=StrToInt{Form1->Edit8->Text);
R2=StrTolnt(Form1->Edhto->Text);
Gl=StrToInt{Form1->Edit6->Text);
Gl=SaTolnt(Forml->Edit7->Text);
Bl=StrToInt(Form1->Edit4->Text);
B2=StrTolnt(Form1->Edit5>Text);

p2=1; .

H

1.
F

void __fastcall TForm1::Button5Click(TObject *Sender)

( .

S—————Confix Value Pbxt}————Fnk———//
imo={_max;

imo=i_min;

Jmo=j_max;

Ino=]_min;



}

void __ fasteall TForm1::ButtondCHck(TObject *Sender)
{

pa=1;

}

1.
i

void __fasteall TForml::ButtonéClck(T Qbiect *Sender)
{

Com!ortl->0pen0;
}

Ik

void _ fastcall TForml::Button7Click(TObject *Sender)
{

Timerl->Enabled = true;
}

ik
N

vold __fasteall TForm1::BueitonBCUck(TObject *Sender)
{

Timerl->Enabled = false;

ComPort1->Clese();
}

I

L
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vold __ fasteall TForml::ComPortiRxChar(TObject *Sender, int Count)

{
int RxBytes;
int BytesRecetved;
unsigned char YRxBuffer;
RxBytes = ComPort1->InputCount();
RxBuffer = new unsigned char [RxBytes];

BytesRecelved = ComPortl->Read(RxBuffer, RxBytes);

}

It

vold __fasteall TForm1::Timer]1 Timer(TObject *Sender)
{ 4Sleep(10);

ungigned char ¢Tmp;

cTmp = Cn;

ComPort1->Write(&cTmp,1);

void __fastcall TForm1::Button9CHck(TObject *Sender)
{
TTestThread* MyThread =new TTestThread{tatse);

1

H
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