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ABSTRACT

This thesis“is produced for researching about theory related to controlling ball
position on the plate. By using digital camera for receiving picture signal then, processing
that signal with image processing program .in-ecomputer, ‘Using this method, the position of
the ball on the plate can be controlled. The objective of this project is'to control position
of the ball on the plate with servo motors controlling the angle of the surface, plate.

There are severalprocedures must be completed. First, desion mechanical structure
which is necessary for controlling the plate using senvo motors. Second, find and study
program that can receive the picture signal from digital camera and, image processing
program which use to process the image by transforming picture signal into certain
parameters to control position of the ball on plate. Finally, study in-depth
mechanismequation required to improve positioning to be more accurately and calculate
difference between equation from theory and real use equation then, mathematically
analyze and formulize new equation until the result will be in range with acceptable

margin of error.
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2. Mounting Tab duiudasiesiusimesiviu

3. Output Shaft (walgding

4. Servo Horns Zhudeiiseiu Output Shaft titeasaaratng

5. Cable anuldaiifiarios it uazaavaigashuamatagdiznevssaslv 3
i way Tuweshuelngsas Sadesaaunnansiulydad

_gnuduns fe Wldes (0 8=6Y)

- dneden wiethana Ao s

- aedwaes (du v17 wiewh) Ae aedwdygiaiadaun (3-5 1an)

o]

6. Connector QﬂL%Wiﬂa’iEﬂW



2.1.2 dqudsznaunigluvsawasiiuawmas

U 2.3 dyndsznauneluvaiesiaemnes

1. Motor Husutessnusings
2. Gear Train %38 Gearbox Lﬂwqmﬁa‘fﬂml,’ﬂ
3. Position-Sensor tHuguaaingIaduiwinioniAlawluniuiy

4. Electronic Control'System L“flua"auﬁmuam LasUisuians

2.1.3 ﬁé’ﬂﬂ’]‘iﬁ’lﬁ’]u‘ﬂ@%ﬁ(jaﬂﬂﬂaL@IB%

N1AIUANAIUILINA IR LT BTl a0 M balnen 1 sUeudynianaundng

[
at 1 as

Wadii1v1 Control Line d1unus LagfirmrenTanyuraiunuia1dnnasdusdivaiiy

L

nvesiaddygyiuniuquazslsznausiy

- Frame Period Pulse dudnygyraiadaaiiadngasiiuduniisiunng 20 ms

< @

naganaiesnwanmELdanITLuLenld

- Position Pulse Width 1dufai1unitevaseanwaduad Frame Period Pulse 14

= 1

Jumauausunds wasfirniesnisugu lagaziiriegszndne 1.0 ms - 2.0 ms lagazl

INB1989 3 PATIUTAAIVAN UazSNEIRILILIAILA 0 — 180 B3F1 ANUFUN 2.4
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2.2 NAR9RIN9A

2.2.1 Camera Sensor
2211 CCh
CCD #9111910 Charge Coupled Device Wuimugasivinanilaedwiduues

usagiiniea (Pixel) avyimtnffunas uasideuauasludyaruowdon dudrgrasddsu

2
el =i =

! r; = aa o e @ ] [T @ v v =i
Araudanludyyiufineadnd Fenissunandululasdranuiliasadenunlunisudas
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doyeynss Fedulasdeyaaseguaniuinlidyaasumuiodes usnildedaluiumuiou
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Camerd Charge-Coupled Device
¢(Printed Clrcult Board) image Sensor
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i - a*“‘ﬂ Timing | E [ ‘
j | Generation | | o opoation | || ‘
i T ) { N !
f 1 : b 2 ’
[ | Oscliiator ;ﬁg; s !
[ b I
|| tne M Gat : I : \‘ :
] L1 Galn
| pe A PR
____T____ srron ey, | inle PR S IR T _%____J
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ok Brckne Converslon Convarslon
Grabber
Electron-fo-Voltage
Conversion

U 265 13199 CED Sensor

2.2.1.2 CMOS
CMOS o110 Complementary Metal Oxide Seric¢onductor . iauies il nuae

at

nsinsulpgusarineaasilasaid og g Wasuauasidwnidudugiuftnealuiuilides

deanluwlainiiou CCD

Camaia Complegmantary Metal ©xids Semlcontucior
(Printed Clreutt Bodrs) image Sensor
= — AN B — — NI et — — e ——
: X® §
N Clock & $5
: o1 N Timing w2
8 i 8 0 T Yy Ganaiation 22
s te L 0YS N =5
eaiiliery (|83 o o
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To Frame  Analog-fo-Digital
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E‘U“ffi 2.6 MIV191U389 CMOS Sensor



CMOS viandanauwh Ui eiugunsalluiavhluvilisaignndt ccp dhe Cmos

2
2 =i

Asiiituilunisulasmdymluivilinunlunsiuseniuguidsly Falunsudtgmil

=5 .

A Idinanawwees CMOS TtlvuneilveTuieiuSnamuisunaslisay

M519% 2.1 waaen sl uisuamuantisening CCD & CMOS Sensor

HEy Cr0S
Signal Out of Pixel Elzcton Facket Yoltage
Signal Out of Chip Yoltage (analog) Bits (Digital
Signal Out of Camera Bits (Digital) Bits (Digitah
Fill Factor High toderate
Amplifier Mismatch REE Moderate
System Noise Lo MWoderate o High
System Complexity High Lo
Sensor Complexity Ly High
Camera Components FCB + Multiple Chips +-Lens Chip + Lens
Responsibility WModer ats Slightly Bether
Dynamic Range High Moderate
Uniformity Highi Low o Moderate
Uniform Shuttering Fast, Comraon Poor
Speed Maderate o High Higher
Windowing Limitad Extansive
Antiblooming High o Mone High
Biasing and Clocking rultiple, Higher Voltage Single, Low-Yaoltage

AUTI U EURISNATHUURSIUIT CCOMANIMTIAAT uans¥uImnIanan uaynns
iluldomazduiountd fundsnuiinni ol €D aelinauninia eMos Taevialy

ajufie CMOS edidTuua wasulasialulaasiadalag @u CCO fsunasazsu

at =]

' = ) o T | Y o
LLEIBENLmeT LLaa‘ﬁ]gaﬁﬂqWIﬂ@aﬂﬁJ'ﬂﬁ'ﬁﬂﬁ]iWﬂﬂu’]mLkﬂﬁﬂﬂwmqm@ﬂmai\lﬁﬂau CMQS 4in

Ly v

i luldiundesiinealuszduans mszRamnivesnmdsldfin walulagiu nsiaun

=l 1 st

WuwasAvueg1uin 39kidndundain CCD w3e CMOS NANIIAU WIIENITSULEIRIN

wuwesiatetadelunmsldaunmiseenun)

2.3 lulasmaulnsaiass (Microcontroller)

=

Wuguniniled (C : Integrated Circuit) Miemnsalusunsumsirnulddudeau amnsasu
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hilasreulnsameinmelutnasiviienrmds, Port eglulmiissiafien Fse1aazi3unldin
P a & o =i Y ¢ o ¢y = oA ) '
Wursuiuwaitmasd lilasaeulnsamefilululasinswawasvianiadudaadunuie
Usgsnananans (CPU : Central Processing Unit) Mldlumssiinmes ualasuniswauiieanasnyi
muvdaiteiluldlusmediunuauauiie uwunlumsldeuasiesoinsnigusndieg
wnduusnnulilasiUasawes Aaeriinissannsfsndy wu wisaudn, dudune/
e vdudilludaledifeatu wasiiinasasuisedradiludreieliianuaiuise
winzaufunTltlununuau WU 299509387, 299507158 e TaUNTY, 29TLUasd M

sudenituiinea Jusiu agUfe
Migro€ontroller-="Microprocessor + Memory's+ 1/O

Lilnsmaulnsamesanursnildseyndldiusdasnitmang Ingtnazdunniiluldiadu
seUUvRsgUnsaiay (Embeded Systems) witelaimunaintsving i vosng wu Wlusoeus, un
aululang, wissUSuene, wesastndisaliald Wusy mreilulasaeulnsamesived
winzaumen i ldtunumUsmateUsyms

- Fwle® wazsruuTilddvuadn

. wuuﬁlﬁﬁmmgﬂm'ﬂmﬂ%’%wlmlﬂﬂwamama%

- 19957ldasfientududowden deanteRewainieradviindulaluiiaieias

. ﬁ@mauﬁ'ﬁLﬁwﬁuﬁ’m%’mﬂummﬂﬂaLaww Fldauladne

- Prgansraziianlunas e Teuuld

2 &

lulasmeulnsalaasivanat e NAIEATLNE WATNABIUBI B Y FauRaziuainavil

Iaseasnanelusaranuausalumsyinnunuansnatwitlidenldsuenulaeg e nya

2.3.1 yalugavainlulasaaulnsaiaas Arduino §u Arduino MEGA 2560 R3
Jululasreulnsameinszna AR lneldlulasreulnsaaesiues ATmega2560 iflu Mcu

Usgduada lag MCU uiliian Pin Wavun 54 91 iieunieulufmenineinsiugiusiieg sga

2 = el = | e v @
ASUNIY FatlAnssnyauluag1adumsldauialy
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Uil 2.7 yplagataialulnsnoulnsaass Ardiing MEGA 2560 R3

2.3.2 pysuifAvasveinlulasaoulnsaiags

- 1% ATMEGA 2560 10 MCU Usduaia Run Aansi 16MHz 99 Crystal Oscillator

- 256Kbyte Flash (a3l 8KB 613U Bootloader) / 8KB SRAM / 4KB EEPROM

14 USB dmsudaneiods was Download Code Mnasuiaaasivvesa Tnslldadld
i3 odlUsunsuaInneten

- 1.0 Pinout Wiy SDATI@E.SCL (e¢flnd iy AREF Pin) wagdin 2 Pin Tvsifia IOREF 1u Pin 71
Tilunsideunaiu Shields Sonvasiduussiuilsainuase dausn 1 Pinfimded e msuld
iy AVR Tusuiag

- 14 ATmega 16U2" Wi 8U2

- 54 Pin Digital /O (15 Pin enananiidu-PWivi-Ottput 1)

- 16 Pin Analog Input

- 4 UART

- ICSP header : In-Circuit Serial Programming (a’qu‘%?f W AVR awad ndmSumslusunss
Arduino &aUsznausieg MOSI, MISO, SCK, RESET, VCC, GND)

- anunsaieusundsnuilasnisieuss Micro USB Connector w3831n Power Supply 91

Meusnls Ineuvamdanuzg nidonlaednlus
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- UWMAIBIINABUBNATINIA N ACto-DC Adapter W3aanuuAme3 Tass oty
2.1 1131 Center-Positive Plug lufsdaadeuunasing waznisnaditununmesamisavilalay
M3ABLINNU GND Wy Vin Pin Header 989 Power Connecter

- vadpannsarinilalutiauseiu 6 Taad 84 20 Tad dunasdneiaiinga 7 Thad 919
daals 5 Taadt Pin Suseiuiisnm 5 Taas wavuasaeaarlsiaies WA NLIIRLE AN
12 Tiad o1vdwmaliiuesn Overheat uwazanaviiliiuasadewsld saudrassduiunnzasiu
veiane 7 lan fs 12 Tan

- Tuusiay Digital Pins 73 54 pin Uniuasa-Aiduino MEGA 2560 annsaiduldita Input Lay

Output lagagyinuituswiwsdaen waglinsvuagsan 40 mA

2.4 5zuuAluAd (Control-Systems)

TEUUMUAN Aa duviovulenliainnissiusandnee st Weldlunsdeiu
ar 4 A P = v
muAudlewIedug rilulununesing
1 4 o = E "
svuuAUasUseanmulasasale 2 alie ldun
1. 93UUAIUANLUL T A (Open-Loop Control Systems) Ag szuumIuAuT ldiinig
UsunauaAnanivwa (Outpub) vasssuuilanauanldluniseauau naspunuwuuiivinlalagnisis
rsunasRulivngsnitlalaeRnanideIns fMegssuUMUANLUUE WY N15AUAN
=] o o @ ¥ o
msvesaneiinsEnst (OC Moton mialilag nsisAmssitlfmnzauaunsei

TulivewmaimulusmesmauiTisounwiidoins udf ldamewswuiuludunaliiussuy

7 '
2 -:in:-lll!y

naonkl sruumtRuUsELAIRYEIniia s Unsaluanthe Usswdana wagaildanglunis

1

#5719 witiadande lusnsavawemnuiianatndiiinantlededug Nliausariunsls
2. 38UUAIUANLUYIITA (Closed-Loop Control Systems) Ap sxUUNUBILOIANA

Jaundusnlilunismunuegnasaial Tadundnedrmileiszuuaunuuuuieundu

=

(Feedback Control Systems) szuualuAlLUUNTalivaanmilaniuuvialansaiaiuisa

MankavewyyIusunmuiiddainen Jailiauaussuuldedgrauiugt ssuumlums

7]

s

Mo winssisssuunadivevesdad dulil Adnsdinalalunsteunduiiemunudnuny
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anuienlusine deenmanigusnisutu swnmedinalnlunmsduswieiievaeligamg i

Atlaeaa

2.4.1 szuuntuauuuuleaunau (Feedback Control Systems)
ixuummmwuﬁauﬂﬁu (Feedback Control Systems) Lﬂuwuumuauﬁwmmu%’ﬂm

o e

wdnalvlanunens lnenaiuendygraeannuiauiieuiudyauee8wmaeang

'
=

wahaeuuandalllglunsmunudyaadeuliiudmdensmuny

2.4.1.1 2sAUTENaUNUFINYRITEUUAIUANLUUTUAGY
93AUIENBUN UFINTBITTVUAI AN T BURd u-wansla Aevdenlnazunsy (Block
Diagram)ausindliguin 2.1

oy ks unsl

(Distiebance)

sénkb ATHABANA oo
(error) {Inpur) .

dannaangay-; + AN

SRR ; S

Controller Ryl

(Conunand or

Referencel

~{

Rlant or

Cantrolled

Hanauauay

{(Ousput or

System

Response

Measurementa, P

JUT 2.8 asAUsenaunugiuvessruUmuniLuutoundy

o 9 = ' L | .:%‘
sruuauANuuulaundudrsiulidiuusznaudes Aswislull
- unaw (Plant) w3 Inswwa (Process) Ais szuumanienmlag Adsani1saauay 1w i1
sosnsmuaNeangivauniau unawi favUszneuludiegeu dviauieu (Heater)

- dygyraueang (Output) Aiw AIkUIMNINTEATWYBILNALY (Process Variable) ABIN13

AU LU gaumgiilaneey W
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- gUnsaifn (Measurement Element) fia indasiioinfilingiasy Tuayaneanm Faagiin
nswdasuusmemenmiidudaaraimieushlliouiisutudyaabune wu nsld
wiosluAula (Thermo Couple) lun1sTnrngamegfiladlirnduussiuiduius fugamginia
anmaiguiisy waynsiiuiuaie nazituuaeuiumes gunsalnisiretamnenuluds

quUnIninlY wasdyainuuudeiien (Analog Wiudaaafiamisaussuanaldas

rewfined vised Senidy i Ainea (Digtal) 51avSengUnsaiuuildn Analog to Digital

Converter (ADC %158 A/D)

as

- doyaaslloundu (Feedback) A Suanasdile naunInlin mmunmwaﬂwaa’mﬁﬂmm

9

fyaunau inSesniludssiasawanIsmuANsTUY

Qs

- Ay unadinput) yi3oRaas (Command) Wsamiitans (Sét Point) Wiaunamsena

Genin dyaaudsdaideants (Reference input) Wifimesuuuudaaadidoinsiilalugu

C 2

L.mﬁwma@ﬁgw wiaife femslitemptlidaiudiitines fygnbunaidasgniily
Wisuiiisuulewine seiugUiuusiyainasdendusudietudynatioundy wu dus
foansmunugamgivenmauil 200°C wazltinesTurudadadgamad dedia usauil
200°C Wuan 5 Taadt Aetiusowtsaunemdu s Tas

- deysy A awea- (Eror 138 Deviation) A Ay amnsmna e sdaanatoundu
Wisusuiy “ﬁg@wmﬁuwmﬁﬁaami 19 e ierawnlu-150°GRaunamuiiawainly
50°C

- fauR (Contoller) Aa-gunsalfvinvtinfiuszaaianiesun wadad e 1o
wnzanlumunuszuL el sslvRanIna UaLDd wawliRaEimmnuiesns fmuatiens

Wl szuudnana lalih viereuiiunes wdldiustrunsvanglutiagtiy mneiitedly

mMsUszanang 157157 Qﬂ(ﬁ’m LAz

2.4.2 NMIAANLUY PID

PID Controller (szuumumsuuudndIu-UsHus-ayiug) Wussuumusuuuuteunduily
fuednntrenns dednimhlldlunsdunaniuimuionatn ivunanmsunniimes
wUslunssununsuazATiifiesns samuamtsneneaaneAananali widledesiigasmanisuiu

as

ARV IIVBINTZLIUMNT AMUIIRe PID fildavuSuasunnusssunavesasuy
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o L s

A8AIYe PID Yuagiuamdiuuife Adndiy, Uius uazauius Ardadiuimun

Pnuavainfananlulagly, AUSHLS iU INNaUUNUE IR MATINAURANA AT B9

'
= 1 v al

farinuilly uavAreuRuS S mus N uT e AT MEUA BuLUaIEIR 1A IR AYATR
drmidniliAnnmssuiuresisanuiiarldlumsufunssuiunislaemsuiuaiasitlu PD ¢
muaNanIaUiusULUUMImuaslsns fulinssuiumsienisld msnsuaussves
muauazeyluglresnisimifivesiauauauisdinuiianain A1lenaiyn (Overshoots)
uazANNTBIIzUY (Oscillation) 33 PID ¥ udsefilsinandussuumuniivanseniign viie
anunsavilinssuiunsiauaiiesuiueu madszgndldanunadeliismildeas

o _ar

JUuUU Tuediiunssuiumaludia-PID UTNA [EnAEENdIN1SAITUANLUL P, PD, P, | 38 D

Yuag iuilduwuulaung
N NMIAUANKUIUPID ledanunisnufuusisuyasinilsisnun mamsi (2.1)

U(t) = Pout+ lout+ Dout (2.1)

18 Poy , logt WoD, { W uNATDIAQNaI188091NTY UUATUAS! PID 21nusiszan Telienuny

S1EavBUAA LA

2.4.2.1 §adau Proportional Control Action (P - Action)

| T T T T ¥ T T T T
s pfRrRnc e Siynal

-----

Kp=1 Ki=1 Kd=1
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sURl 2.9 a5l PV danaan K, fuslu 3 A (K uag K, asi)

WMBNYRIdRaIU (UNASIEeN daTwe1e) Asldsuulaadudnduvesrrnufanainnis

navauBaNndIu ansevilalaenisaummLEANAIRRILAIAN K, wEeNEenddnvee

Fodrumeaidnaiuasidulumuannsi (2.2)

Pout = Koelt) (22)

19 P, : AU INUI08NTRLNaNERE I
K, :dmsnenedadiy, suusuiusala

e(t) : AmuEaNaalulaa Y11
HadnTIveedRd N g mBsEntEn TRt AN il widgaiulussuuasl

= b L2 L7 s at ! A:J é = U L
el Tumangaiul THHFDAIIVYIE A IUVIA 1T UUATUANIZUHENDUAURIN DN ITUIUNTUBY

anulUane

2.4.2.2 U3Nu3 Integral Control Action (I-Action)

15 T L T T T T T T T
reference signsl
-2 i gna
| \]ﬁh e o
05 Kp=r=T K= |
0l |
1 i i L i 1 ; , l
B 4 ® & & H B ®W B W &

gﬂﬁ 2.10 N5 PV sialnan K, Avuendu 3 An (K, Uag Ky AI7)
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HAINWELUTIUS (UeaSaen Reset) udnduvaunmiuiamann uazssesa1ves
ATMUAANAIN HaTAVBIMLRANARILNNTIIAT (USHusvesnnutianann) avlieavlianaysasl
fmssndulunsunti ArmianaInAzaLzgnAlaednIve1eUTILE YuInvemavaue
U3viusazAmunlagdns e UTnug, K

wenUsusasduluauaunisy (2.3)
¢
lout = K | ettt 23)
)

W8 1oy SUIUUIBNYRANDNUTHUS
K : 9n3nve1eusnus, snuustsuets

e(t) : AIPNUHANAIREILAALTINIAN

¢ e |

WMRNUINUS (WoTAumaNdndIu) 983 nasuIuns g 1ndidesnis asadnnlny
Aawanaivid g Minsmnn sk aamendna uavgdlsinumenUsnusunmneuauaine
aRananagadluafn AEhevidnialeneiyala @ngeiinems uasiansiumlums

AN IDLU)

2428 aiéﬁué Derivative Control Action (D-Action)

16 T T ] T r ; ' 3 T
(=05 ———=taforence signal

fu]
~
¥ N
m
@
=
":‘3_
s
=3
o
B

U 2.11 n31l PV sieaan dmidu Ky 3 A (K, wae K e



é"m"lm‘ﬂ.ﬂ%'auLtﬂamammﬁmwmmmﬂﬂizmumiﬁuﬁﬂm*;uwmﬂmm%’ummmm

Aemaiayng van (ude Wueyiusdudiunilsduiusiunm) waraasiedanuaeeuius K,

2s
@ ar

YWINYBIHAVBUNDUDUYNUT (U19ATI (38N 8157) TuAudnsweteauius Ky weusyiusiduly

ANLIEINNST (2.4)

d
Dout = Kd —e(t) (2@)
dt

118 Doy @ HEURYIUVIBNVBUNBHBUAUS
Kg :8n51vengatpiis, dautsusuaila
e(t) : AEANAILRANATRILLMSEYIRIAN

WDy LS UL 1EAD RN 1SR U ULIA BT AT IRONUBNTYUUAIUAY Lavienaiiay

Prelviszuumuaidgaaiinainis saiumerayiusasltlunisanuuinvadleneiyniiinen

&

wienUIHusuamiThiiiusnineInsriaiuvessy Vumuauaty udes 11lsnn e wiusves

deyyrausumungnuerglussuumuauazhiinndansumulumeuvesnnuriavain uaz

o 3

sV insguumshiaeslandunanuniy wasdnswetgeynusiianielvaiisme Ja

é’ﬂ‘wmxm%ﬁwmwaaﬁamuﬂmmu FID maﬂaaL%auﬂuaum‘smﬁﬂzﬁmmamﬂumama@naﬂé]’

2

Flatl
t d
U = Kel®) + K [ e(®)dt + Ky—eft) (2.5)
¢ dt

ilaviheglugy Laplace Transform azld

U(s) = K, (1 + Tys) (2.6)

s
T Ts
e NEINgi (2.5) annsauandluUvadlaezunsuvesmalsze nalinannismunuwuy

PID Tum'itl%wi'lmummﬁfsmmyﬁqgﬂﬁ 2.12 yanandganunsaunluvinanusuiumaiianig



18
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OpenCV
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gﬂ‘ﬁ 2.25 MsUaNAIaLUsEAU HSV

FRNNIINTTUBNA UTEUY HSV wilANuAInURon1siYaguwUasva e luanwlInd aul
1NNNIINNS LA lUsz Ul RGB 1L aI3AMINAIWNFNALEI 1960 AN99E lasa1A it uvatieday
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2.6.5 psudan iUy RGB. lug muwwuussaudmn
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H SV unuavesdluszuy HSV
max = AgEetu (R, G, B)
min = ﬁﬂ@?ﬂ&]@lu (R, G, B)

L

e G—B 4
60K —————— e max = R
max—min
H < 60X———— 4120 i max = G (2.8)
max— min
R—G F
60X ————+240 lHa.max = B
s max—min
max—min
N, == S oarrmmann > ¢ (38 (2.9)
max
YV = maxXx 100 (2.10)
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o =l
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(2.13)

(2.14)

(2.15)
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X=rcose—rasinga (2.16)
¥ =r*cos’ @ —2rFsinacosa+ rid’ sin’ (2.17)
y=rsina (2.18)
y=rsina+racosa (2.19)

D D o B . s 2.2 4
Y =rF"sin" @+ 2rfsinacosa+ra cost & (2.20)

WUELNTST (2.16) wavaunsh (2.20) adluaunsi (2.14) w£ld
vIEF +rra’ {220
wiuann1s? (2.13) wagaunasi (2:21) astuanmss (212 azle
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A 2
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U =mgrsine (2.23)
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l '] 2 2 .
L=—|—+m|i" +lmr'cx' —mgrsina (2.24)
and” 3
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(2.28)
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3.1.2 nd99

naeulugunsaldmiviunmnisadeuiivesgniilevidums fedusuveivesssuuly
naiilfszuunanadussuuisdin ndesiliiundesidneafunnuialy Tevdnmadenldas
WsannuaiRaATY 2 Usen1s Ae Frame Rate wag Resolution laef1 Frame Rate asuanii4
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AMANUIN N

LUsunsun1sUsEanana LasAIUANAILMLINUBAULIIUIY

n.1 TUsunsuUszulana laI UV IAINNIIADS

Tusunsuildluguilne Tsunsy Visual Studio 2012 Teeldniwn C++ Tun1si@eou

n.1.1 Wsunsudszudanaludiuvasnaununad (foudiulseszun)

Hinclu

#include

#include<iostream>

#include<stdionhs
#inclure<c fitor ik
#includa<fstreams Hor gl 2

#includa<sstreams

#include

#include
#include
#include<math.h>

#definePl 3.14159265

usingnamespace cv,

usingnamespace std;,

void morphOpsiMatés;

IMatRGE2GrayScalelMat);

Point Contour_CM_Find_and _Display(Mat; Mgty Math
void CallBackFunc{int, inty int,4nt, void®),

void CallBackFunc(intayent, int, ifit, \nfVoic®)y

int Servo_anzle(dauble, double’

void Sernal2(int, int);

int iLastX = -1;

int iLasty = -1;

bool Tar wet = FALSE;

Point Setpoint = Paint{-1,-1);

double saveBall_position [10000j{%): il Xoositign ; Gpositien

= CreateFile{L"COML", GENERIC WHRITEFICESSHARE READ [FIFE_SHAREIWRITE, 0, OPEN_EXISTING#ILE_ATTRIBUTE_NORMAL, 0 /e senial

HANCLE hS

commumcation

DWORD |

int hue = 55;

int Max_any

int Zaro_angle = 1500;
double P_ang_max = 2*FI/180;
double P_ang_zero = 0;
double P_ang = 0;

int main(}{

LRI vl Carametacs [IITEIEIEEA I BRI I AR 1

Mat img, gray_ime; 4/ for video capture

Mat imgl 0,420), CV_8UC3); /1 for draw ball path

Point Ball _#

J1HR o PID Hreeangy

double xoutput; double youtgut;



{
printf("Fort o

DCB debSenatParars;

GetCommState(hSenal Sdebien

™
nasuldul

double pre_xouteut = 0,
double Max encr x = G
dauble xerr;

doubla xpie_eror = G
doubile xinte = 0
coubile <Oiff - O,
doutile dt - UGS Msec
dhouble Kpx = 1.0
doutle Kie = O

double Kdx = 1.3

il ilEr L

nt X _angle = 1500

clonk T T_present=0, T_start=0, Time=0;

65

double pre_youtput = 0;
double Max_error_y = U;
double yerr;

double ypre_errar = 0;
double yinte = 0;
double yDiff = 0;

double Koy = 0.8;
double Ky = 0;
double Kdy = 1.3;

nt ¥_angle = 1500;

74 for time loop check

F T
A Setin senal port connacton and naeded variables. ST

if (hSeral t=INVALID HANDLE _VALLIE)

penzdh 0

M Video Captura /17
VideoCapture cap,
cap.open(l);
namedWindovd"Hesult windov.’,1);
I

Serial2{Zero_angle, Zero_angle);

waitkeyl 500
Serial#{Zero_angle+Max_angleZera_angle+Max_angle);
waitKey(500);

Serig! 2{Zero_angle-Max_angle.Z2ro_angle+Max_angla),
waitKey(00)
Serial2(Zero_anglesMax_angleZero_angle-Max_angle);
waitkey(S60)

Seralz{Zero_angle Max_angle.Zeio_anjle-Max_anglel;
waitKey( 500

Senizl2(Zero_angleZero_angle);

waitKey{500);

I Y o U 24 = = 1 gj 1 Y o ¥ ¢ Y ¥
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forlint a=0: a<10000; a++)
falint b=0; b<d; b +)
saveBall_postion{ajlb] = -1;

riamecWindew("Result window', 1),
namedWndon Parameters’;

cractaTrackbar(Hue', Parameters’ &hue,255%

Hoerime o e 2z BAAIN PROGRAME - oo o cemmee e sl

whie{th

capr>ime;
aray_img = RGB2GrayScale(ime);

2all_Positicn = Contour_CM_Find_and_Display(gray_img,ima,malines);
catMouseCaliback{"Result winclow", CallBackFung, NULL);

HTarget Sot
/i open clock

double tmp = 0;

Max_error_x = abs(xoutput);
/xpre_error = 0;

Xpre_error = xerr;
pre_xoutput = xoutput;

3
elsel
xpre_error = xerr;
pre_xoutput = xoutput;
}

%_arla = Servo_anglelxoutput, Max_error_x);
saveBall_position[i][5] = xoutput;
saveRall_positionli][6] = P_ang* 180/P);

444 Cal FiD for y-axis
yerr = {Setpointy - Ball_Position.y)*(-1}
yinte = yinte + tyerr * cith,

&z A ¥ o [ v = = (- 1 2 o £ L83 1%
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yDiff = (yerr - yore_arror/dt;
youtput = (Kpy * yerr) + (Kiy * yinte) + (rely * yDit)

ifi(absfpre_youtputVabs(youtput) > 103
Max_error y = abslyoutputh;
VDTE_ENO[ = yerr,
pre_youtput = youtput;

¥

elseif{ abslyoutout) > Max_errar_y §
Max_errar_y = abddyoutputh
/typre_error = 0,
ypre_eraor = yerr,
pre_youtput = youtput;

ypre_error = yerr;

pre_youtput = youtput;

ath("Ball_path.txt’ f\
=0; save st pasition(kli0) > -1; ke +)i 9
A TS

ave path << saveBa

eszout),

¥

save_path <<}
3
else save_path <<\U';
}
1
//H pause programe
waitkey(50);
Serial2(Zero_anzle,Zero_angle);
waitKey(50)
CloseHandle{hSerial);
i}
waitkey(10);

- 1

i
dy 1 dl Y o U 24 dl = 1 gj 1 Y o ¥ ¢ Y 1%
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14 Modify image function
veid morphOpdMat&thresh)l

Mat erodeElement = getStructuringElement(MORPH_RECT,Size(3,3))
Mat diiateEl.-gll'hent = getStructuringlement{MORPH_RECT,Size(3,3));

erode(thresh,thresh.erodeElement);
aradelthresh, thresh erodeElement);

chlatelthrash,thresh dilateElement);

cilatel{thresh,thresn,dilateElement);

FHH Corvert o Gray Scale & Modify function
MatRGEZCray Scate(Matima)l
Mat gray,
oviColor(ime,gray, CV_SGR2GRAY);
inRangelgray,0.hue gray);
morphOps(gray);

return gray,

1

Moments mu;

mu = moments{contours[MaxAreal);
//Mass center
if (mu.m00 > Ballareal{
Healeulate the position of the ball
Kposition = mu.m10 / mu.mio;
Yposition = mu.m01 / mu.mod;
iLastX = Xposition;
iLastY = Yposition;
}
/// Draw contours
Mat drawing = Mat:zeroslinputima.size(), CV_8UC3 )
iftcontourArealcontours(MaxAreal) > Ballarea)l
drawContours(displayimg, cortours, MaxArea, Scalar(0,0,255), 2, 8, hierarchy, 0, Point)
circleldisplayima, Point(Xposition, ipostion), 4, Scalar®,255,0), -1, 8,0 )
Hdraw target box
if(Setpoint.x > 0 && Setpointy > O}
circletdisptayigg. Setpcint& 4, Scalar(0,0,259), -1, 5,0

&z A Y o [ i - 1 2 o £ L83 [%
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lmeldicplayima, PointlSetpoint x-20,Setpointy-20), Point(Setnoint.«+20 Setpointy-20), Scalar{0,255,255), 2);
ling(displayimg PoirtSetpoint x+20,Setpainty-20), Point(Setpoint.x+20,5etpoint.y+ 20), ScalarlC,255,255), 2)
Une{gisplayime, FontlSetpaint x+20 Setpainty+20), Faint(Setpoint x-20,5etpoint.y+20), Scalar(0,255,255), 2);
tne{displayima, Fant{Setpoint.x-20,5etpoint.y+20), PointiSetpoint.x-20,5etpainty 20}, Scalar(0.255,255), 2%

¥

string poX = to_string{Xposition):

string poY = to_string(Yposition);

string Area = to_string{mu.moo);

putText{displayimg,'Position X * + poX,Point(20,20),FONT_HERSHEY SMPLEX,0.5,5calar(0,0,255),1,15 false),

putText{displayime,"Position Y :* + poY,Foint(20,60)FONT_HERSHEY SIMPLEX,0.5,5calar(0,0,255),1,15 false);

putTexildisplayimg,'Ares ©* + Area,Pont(20,60),FONT_HERSHEY _SIMPLEX,0.5,5¢calar(0,0,255),1,15,false);

poX = to_string(Setpoint.x),

poY = to_string(Setpointy)

putText(displayimg,” " + poX + " + poY + "), Setpoint,FONT_HERSHEY SIMPLEX,0.5,5calar(0,0,255),1,15 false);

i

imshow{"Result window”, displayimg+Balipath_img);

returnPoint(Xposition,Yposition);

#1111 Cail back function ;or Get
void CallBackFunclintevent, i
{

if {event == EVENT_LBU

9, "
int Servo_angle(doublepidyda & r1of,

i )

int Servo_angle %

if(P_ang > P_ang_zero + P_ang_max)
P_ang = P_ang_zero + P_ang max;
elseiflP_ang < P_ang_zero - P_ang_max)
P_ang = P_ang_zero-P_ang_max;

Servo_angle = Zero_angle + (int){(asin{{145/150(sin(P_anglI*180/P1)/0.10345);

return Servo_angle;

void Serialz(intXangle, infYangle){

char outputChars[10];
forlint i = 4; 1 >= 0; i~}
ifti == a)
cutputCharsh) = 4
}
elsel

outputCharsi] = (Xangle % 10)+'0% o

&z A ¥ o [ £ = = (- 1 2 o £ L83 1%
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Kangle f= 10;

}
forlint = 9; § >= 5 j~)(
ify == 9
outputCharsfj] = ™

elsal
outputChars(j] = (vangle % 10)+'C;
Yangle /= 10;

}

cout<< outputChars << encll;

WriteFite(hSerial, outputChars, strlenloutputChars), &htsiO, NULLY,
fill_n{outputChars, 10, \0'%

#include<opencviev.h>
#incLudecopencv\highgui.i‘p
#include<iostream>
#include<stdio.n>
#include<ctime>

#includa<fstream>

#include<sstream>
#include<string>

#include<stdlib.h>
#include<Windows.
#include<math.h>
HdefinePl 3,1415926

usingnamespace cv;

usingnamespace std;

void morphOps(Mat&);
MatRGB2GrayScale(Mat);

void CallBackFunc(intevent, int, int, il
int Servo_angle(double, double);
void SerialZ(int, int);

int iLastX = -1;

int iLastY = -1;

bool Target_Set = FALSE;
Point Setpaint = Paint{-1,-1);
double saveBall_position [100001(9}%; // Time : Xposition : Yposition

HANDLE hSerial = CreateFile(L"COM1", GENERIC_WRITE, FILE_SHARE_READ | FILE_SHARE WRITE, 0, OPEN_EXISTING, FILE_ATTRIBUTE_NORMAL, 0 H for serial
communication

DWORD btsiO;

int hue = 55;

double Max_error_x = 0, Max_errar_y = 0;

double MEX = 0, MEY = 0;

int Max_angle = 200;

int Zero_angle = 1500;

double P_ang max = 2*PI/180;

double P_ang_zera = 0;

double P_ang = 0;

mtga‘nn[ dl Y o U 24 dl = 1 5 1 Y o ¥ ¢ Y 1%
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LTI nikacl Pararreters (THTHETHETHTTE 40144111040 107
Mat ime, gray_img; /7 far video capture
Mat imgLines = Mat::zeros(5ize(660,860), CV_8UC3); £ for drawe ball path

Pont Ball_Position;

FPRR for PID Resangy

doulz'e xoutput; double youtput;
double xerr; double yerr:

double prex = 0; double pray = 0;

double xpre_error = 0; double ypre_error = 0;

double xinte = 0; double yinte = 0;

deuble xDiff = 0; dounte yDiff = 0;

double dt = 0.001; //sec

double Kp = 0.8;

double Ki = 0;

double Kd = 400;

7L R T

int X_angle = 1500 ;

clock_t T_present=0,

i

debSerialParams.StopB

SetCommState(hSerial, &dcb!
}
else
{

printf("Error wihile setting up serial port! \n");

I 1L L1 L LR LT L1001

/#/f Video Capture ///
VideoCapture cap;

cap.opentl);
namedWindow("Result window",1);
10

Serial2(Zero_anzle,Zero_angle);

waitKey(500);
Serial2(Zero_angle+Max_angle,Zero_angle+Max_angle);
waitkey(500);

Serial#(Zero_angle-Max,_ansle.Zero_angle+ anglel; : . . . o N
L@ﬂﬂ?iﬂL‘UUL@ﬂﬁ?i‘ﬂﬁﬂu AAINIUNT GUQ’WuL‘WE]ﬂﬂiﬂﬂ‘U’]W]’mu\Lll@‘léiyﬂG]IMU’]IUI%U?SIEJ?JU@TUﬂ’ﬁﬂ’]
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waitKey(500%
Senal2(Zero_angle+Max_angle,Zero_angle-Max_angle):
waitKey(500)
Serialz(Zero_angle-Max_angle,Zero_ansle-Max_ansle);
waitKey(500)%

Serialz(Zero_angle,Zero angle);

waitkey( 500),

forling a=0; a<10000; a++)
farlint b=0; be%; Lt+) 5
saveBall_position(alib] = -1;

namedWindow("Result window’,1);
nameciWirdow("Parameters’);

createTrackbar("Hue", Parameters” &hue,255);

g e e MAIN PROGRAME - -rercevoem oo el
while{1){

cap>>img;

gray img = RGB

(3
-
£
-
\

P2l Position.

w nte xlnte+(xerr dt);

XQI@_error = xarr;
iflabs(xoutput) > absiprex)
Max_arror_x = abs(xoutput);

}
prex = xcutput;
iflabs(xerr) < 40)
P_ang_max = 1*FI/180;
else
P_anz_max = 2"PI/180;

Habs(arr) < 15)
A_anzle = Zero_angle;
alsa
X_angle = Serva_angle(xoutput, Max_error_x);
savelall_postioni[5] = xoutpul;
saveBall_positionlill6] = P_an3*180/P1;

dy < dl Y o U ¥ dl = 1 gj 1 Y o ¥ ¢ Y 1%
wnansililuenansnanulldwmsunsidanuiisn1snwimintu \Lllf’]uilﬂG]IWUWIUI%U?%IEJGU‘UWTHWWW]
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#f Cal PID for y-axis

yerr = (Setpointy - Ball_Positiony)*(-1}

yinte = ylrite + (yarr * dt);

yDiff = (yerr - ypre_errcr/dt;

youtput = (Kp * yerr) + (K * yinte) + (Kd * yDiff);

ypre_enor = yerr;
it{abalyoutput) > abslpreyli

Max_error_y = abstyoutput);
4
prey = youtput;
iftabslyerr) < 40)

P_anz_max = 1*PI/180;
else

P_ang_max = 2°FI/1EQ,

iflabs(yerr) < 15)
Y angle = Zero ansle;

saveBall_sostioi)]

g <5+ an
Wﬁrﬂémgm‘

else save_path <<\t';

}
1
#/1/ pause programe
waltKey(50);
Senal2{Zero_angle,Zero_anglel;
waitKey(50);
Closetandle(hSerial);
I
waitkey(10);
}
- e "

//!/fdsMc)gify image fu nctiog

nasiiduenansnanulidmsumsldmuienisnwvintu leugslmhluldussleviaunis
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void morchOps{Mat&tiresh)i

Mat erodelement = getStructuringElement(MCRPH_RECT,Size(3,3);
Mat dilateflement = gatStructuringElement(MORPH_RECT Size(3,3))

erade({thresh,thresh,erodet lement);
erede(thresh,thresh,erodeElement);

dlilatelthresh thresh dilateElement);
dilate(thresh thresh dilateElement);

1114 Convert to Gray Scale & Modify function
MatRGB2GrayScale(Matima)f
Mat gray;
cvtColorime,gray,CV_BGRZGRAY),
inRangelgray,0,hue,sray);
marphOpslgray;

return gray;

1

M1 FindEDisplay Contour&Center of

“?aqn

mu = moments(contoursiMaxareall;

onto

Moments mu;

//Mass center
if {mu.m00 > Ballareal{
//calculate the position of the ball
Xposition = mu.m10 / mum0d;
Yposition = mum01 / mu.m0o;
iLastX = Xposition;
iLasty = Yposition;
1
#// Draw contours
Mat drawing = Mat:zeros(inputime.sizal), CY/_BUC3 );
iffcontourArealcontoursMarAreal) > Ballareall
drawContoursidisplayimg, contours, MaxArea, Scalar(0,0,255), 2, 8, hierarchy, 0, Point() );
circle{cizplayimg, Paint(Xposition, fpasition), 4, Scalar(0.255.0), -1, 8,0 )
cdraw targat box
iHSetpaintx > 0 &% Setpointy > Y
circle{displayims, Setpoint, €, Scalar(0,0,255), -1, 8,0 %
lineldizplayimg, Point(Setpointx-20.5etoainty-20), Point(Setpoint.x+20,5etpaint.y-20), Scalar0,255.255), 2);

wnanstluwenansianulidwiunisldnuienisfnwwintu lieugrsalihlUldussTevidsunisdn
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tineldisplayimg, Point(Setpoint.x+20.Setpaint.y-20), Point(Setgoint x+20,5etpointiy+ 20}, Scaiaih 25,2550 41
line{displayime, Point(Setpoint.x+20,Setpoint.y+20), Paint(Setpoint.x-20,5etpoint.y+ 200, Scalanu,2 252550, 25
line{displayimg, Point{Seteaint.x-20,Setpointy+20), Point(Setpointx-20,Seteainty-20), Cralaftzs5,:7 9, 25

i

string gok = to_string(Xposition);

string poY = to_string(Yposition);

string Area = to_stringimu.m{g);

putText{disolayime,"Position X " + poX,Point(20,20)FONT_HERSHEY _SIMPLEX,0.5.5calar(0,0,255). 1,1 5 fatse)

putText(dicplayime,"Position ¥ " + po¥ Point{20,40),FONT_HERSHEY _SIMPLEX,0.5,5¢alar(C,0.255), 1,15 false),

putText(chsplayimg,"Area " + Area,Point{20.60)FONT_HERSHEY _SIMPLEX,0.5,5calar0,0,255), 1.1 5.6a1 se);

poX = ta_string{Setpont.x),

poY = to_string{Setpointy);

putTextidisplayimg,” (" + poX + %" + poV + "V'Setpoint,F ONT_HERSHEY_SIMPLEX,0.5,5calar(0,0,255),1,15 false);

13

imshow{"Rasult window”, displayimg+Ballpath_img);

returnPoint(Xposition,Yposition);

}

1
if {event == EVENT_LB
{
H
elsei
{
¥
1

b%rro;
int Servo_an: Z e"%?\
P_ang = 0; @

g

P_ang = P_ang zero + P_
elseif(P_ang < P_ang_zero - P_ang_max)
P_ang = P_ang_zero - P_ang_max;

Servo_angle = Zero_angle + ({asin((165/15)%sin{P_ang)})* 180/P1)/0.10345);

return Servo_angle;

wvoid Serial2(intXangle, intYansle)}

char outputChars[10];
forint i = 8,1 >= 0y i-)f
iffi == gy
outputChars(i] = '
3
else]

outputCharsfi] = (Xangle % 100+
Xangle /= 10; | o

&z A ¥ o [ 124 A = (- 1 2 o £ L83 1%
nasiluenansnanulidmsumslsanuienistnwvintu leugslmhlldussleviaunise
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}
1
forlint j = % ] >= 5 X
iffj == 9%
outputChars(j] = ™
H
else{
outputCharsfj] = {vangle % 10)+'0%
Yangle /= 10;

1

cout<< outputChars << endl;

WriteF le(hSerial, outputChars, stlenloutputChars), &btsiO, NULLY
fill_nfoutputChars, 10, \0Y;

Servo Xservo,

int Xangle =

int Yangle =

String inString

void setupl) {
Serial.begin(9600);
Xservo.attach(8);

Yservo.attach(12);

}

void loop() {
while (Serial.available() >C) {
int inChar = Serial.read();
if (isDigit(inChar)) {
inString += (chaninChar;
}

if (inChar == ) {

Xangle = inString.tolnt();

Xservo.writeMicrosaconds(Xangle);

d” 1 dl Y o U 24 dl = 1 5 1 Y o ¥ ¢ Y 1%
wnanstluenashanulidmiunislidnuienisfinewin eugrelnhluldusslovdmunisin
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dl

inString = ";
}
if (inChar == ") {
Yangle = inString.tolnt();
Yservo.writeMicroseconds(Yangle);
inString = "

}

dy 1 dl Y o U 24 d‘ = 1 5 1 Y o ¥ ¢ Y ¥
wnanstluenashanulidmiunislidnuienisfinewin eugrelnhluldusslovdmunisin
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VideoCapture::open
Open video file or a capturing device-for video capturing
C++: bool VideoCapture:open(const string& filename)
C++: bool VideoCapture::open(int device)

Parameters:

o /filename —mname of the opened video file (eg: video.aviyorimage sequence (eq.
img_9%02d jpe, which will.-read samples like img 00 jpg, img_01.jpg, img_02.jpg, ...)

o device - id of the opened video capturing device (i.e. a camera index).

waitKey
Waits for a pressed key.
C++: int waitKey(int delay=0)

Parameters: delay.— Delay.in milliseconds. 0'is the special value that means “forever”.

namedWindow
Creates a window.
C++: void namedWindow(const string& winname, int flags=WINDOW AUTOSIZE )
Parameters:
¢ name - Name of the window in the window caption that may be used as
a window identifier.
o flags -Flags of the window. The supported flags are:

o, . WINDOW_NORMAL If this is set, the user.can resize the window
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(no constraint).

o WINDOW_AUTOSIZE If this is set, the window size s
automatically adjusted to fit the displayed image
(see imshow() ), and you cannot change the window size
manually.

o WINDOW_OPENGL If this is set, the window will be created

with OpenGL support.

createTrackbar
Creates a trackbar andsattaches it-to the spedified window:
C++: int createTrackbar(const . strine& trackbarname,  const . string& winname,
int* value, int count, TrackbarCallback onChange=0, void* userdata=0)
C: int cvCreateTrackbar(const  char® trackbar_name; const  char® window_name,
int* value, int count, CvTrackbarCallback on _change=NULL )
Python: cv.CreateTrackbar(trackbarName, windowhame, value, count,
onChange) — ‘None

Parameters

o trackbarname - Name of the created trackbar,

» winname = Name of the window that“will be\used as a parent of the
created trackbar:

» value - Optional pointer_to-an-intécervariable whose value reflects the
position of the slider. Upon creation, the slider position is defined by this
variable.

e count — Maximal position of the slider. The minimal position is always 0.

e onChange - Pointer to the function to be called every time the slider
changes position. This  function should be prototyped
as void Fool(int,void®), , where the first parameter is the trackbar position
and the second parameter is the user data (see the next parameter). If the

callback is the NULL pointer, no callbacks are called, but only value is
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updated.
userdata - User data that is passed as is to the callback. It can be used to

handle trackbar events without using clobal variables.

Converts an image from one color space to another.

C++: void cvtColor(InputArray src, OutputArray dst, int code, int dstCn=0)

Parameters:

erode

src — input image8-bit unsigned, ,16-bit unsienad (CV _16UC... ), or single-
precision floating-point.

dst —output image of the same/size and depthias src.

code - color space conversion code (see the description balow).

dstCn.~ number of channels in the destination imace; if the parameter is 0,

the number of the channels is derlved automatically from src and code .

Erodes an image by usinga specific-structuring etement.

C++: void erode(lnputArray src, OutputArray-dst, InputArray kernel,

Point anchor=Point(-1;-1), ~ ~int iterations=1, int borderType=BORDER CONSTANT,

const Scalar&@borderValue=maorpholosyDafaultBordervalus() )

Parameters:

src — input image; the number of channels can be arbitrary, but the depth
should be one of CV_8U, CV_16U, CV_165, CV_32F or "CV_64F.

dst - output image of the same size and type as src.

element - structuring element used for erosion; if element=Mat(),
a 3 x 3 rectansular structuring element is used.

anchor - position of the anchor within the element; default value (-1, -

1) means that the anchor is at the element center.
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iterations — number of times erosion is applied.

borderType - pixel extrapolation method (see borderinterpolate() for

details).
borderValue - border wvalue in case of a constant border

(see createMorphologyFilter() for details).

Dilates an image by using a specific structuring element.

C++: void dilate(inputArray src, QutputArray dst; InputArray kernel,

Point anchor=Point(-1;-1),

int iterations=1, int borderType=BORDER_CONSTANT, const

Scalar&borderValue=morphologyDefaultBordervaluel) )

Parameters:

inRange

src —input image; the number of channels can be arbitrary, but the depth
should befone of €V 8U,CV 16U, C\V 165;,CV 32F Jor ""CV._6dF.

dst —output imasgerof the same size’and type as sre:

element— structuring “element used” fordilation;™ if element=Mat() ,
a 3 x 3 rectancutar structuring element is used:

anchor's ‘position of the anéhorwithin the-element; default value (-1, -
1) means thatithe.anchar is at the element center.

iterations - number of times.dilationis applied.

borderType — pixel extrapolation method (see borderinterpolate() for

details).

borderValue - border wvalue in case of a constant border

(see createMorphologyFilter() for details).

Checks if array elements lie between the elements of two other arrays.
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C++: void inRange(lnputArray src, InputArray lowerb, InputArray upperb,

OutputArray dst)

Parameters:

src — first input array.
lowerb — inclusive lower boundary array or a scalar.
upperb - inclusive upper boundary array or a scalar.

dst - output array of the same size as src and CV_8U ty

findContours

Finds contours in a binary image.

C++: void findContours(inputOutputArray image, OutputArrayOfArrays contours,

OutputArray hierarchy,int mode, int.method, Point offset=Point())

C++: void findContours(inputOutputArray. image, QutputArrayOfArrays contours,

int mode, int method, Point offset=Peint()

Parameters:

image ~ Sourcg,’an 8-bit single-channel image. Non-zero pixels are treated

as 1's, Zero' pixelsremain 0%s; so.theimage is treated as binary . You can

use compare(), inRange() ; threshold(), adaptive Threshold() , Canny()

, and others\toncreateia-binary image, out of a-€rayscale or color one. The

function modifies thesimagewhite extraeting the contours. If mode equals
to CV_RETR_CCOMP or CV_RETR_FLOQODFILL, the input can also be a 32-
bit integer image of labels (CV_32SC1).

contours — Detected contours. Each contour is stored as a vector of
points.

hierarchy — Optional output vector, containing information about the
image topology. It has as many elements as the number of contours. For
each i-th contourcontoursli] the

elements hierarchyli][0] , hiearchyl[il[1] , hiearchy[il[2] ,
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and hiearchyl[i][3] are set to O-based indices in contours of the next and

previous contours at the same hierarchical level, the first child contour

and the parent contour, respectively. If for the contourithere are no

next, previous, parent, or nested contours, the corresponding elements

of hierarchy[i] will be negative.

« mode —-Contour retrieval mode (if you use Python see also a note below).

o]

CV_RETR_EXTERNAL retrieves only the extreme outer contours. It
sets hierarchyli][2]=hierarchy[il[3]=-1 for all the contours.
CV_RETR_LIST-retrieves.all of-the contours without establishing
any hierarcnical relationships:

CV_RETR_CCOMP retrieves-all-ef the contoursiand organizes them
into_a._ tweo=tevel hierarchy: At. the—top._level, there are external
boundaries—of -the _components. At-the second level, there are
houndaries of the holes..If there.is another contour inside a hole
of a connected component, it is stitl put-at the top level.
CV_RETR TREE retrieves all of the.contours.and reconstructs a full
hierarchy of nested contours. This-full hierarchy is built and shown

inthe OpenCV._contours.cdemo.

» method =Contour approximation- method (if-you_tise Python see also a

note bealow).

O

CV_CHAIN_APPROX  NONE stores absolutely all the contour
points. That is, any..2. subsequent points (x1,y1) and (x2,y2) of the
contour will be either horizontal, vertical or diagonal neighbors,
that is, max(abs(x1-x2),abs(y2-y1))==1.

CV_CHAIN_APPROX_SIMPLE compresses horizontal, vertical, and
diagonal segments and leaves only their end points. For example,
an up-right rectansgular contour is encoded with 4 points.
CV_CHAIN_APPROX_TC89 L1,CV_CHAIN_APPROX_TC89 KCOS a
pplies one of the flavors of the Teh-Chin chain approximation

algorithm. See [TehChin89lfor details.
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offset - Optional offset by which every contour point is shifted. This is
useful if the contours are extracted from the image ROl and then they

should be analyzed in the whole image context.

Calculates all of the moments up to the third order of a polygon or rasterized shape.

C++: Moments moments(InputArray array, bool binarylmage=false )

Parameters:

array - Rasterimagé (single-channel, 8-biter floating-point 2D array) or an
array ( LxNsor Nx1-)-of 20 points (Point-or Peint2f ).

binarylmage - Af it is.true, all-non-zero image pixels are treated as 1's.
The'parameteris used forimages only.

moments ~ Qutput moments.

drawContours

Draws contours-autlines or filled contours.

C++: void drawContours(inputOutputArray image, InpuUtArrayQfArrays contours,

int contourldx, const Scalar& color, int thickness=1, int lineType=8,

InputArrayhierarchy=noArray(), int'maxLevel=INT, MAX, Point offset=Point() )

Parameters:

image — Destination imavea.

contours — All the input contours. Each contour is stored as a point
vector.

contourldx — Parameter indicating a contour to draw. If it is negative, all
the contours are drawn.

color — Color of the contours.

thickness — Thickness of lines the contours are drawn with. If it is negative
(for example, thickness=CV_FILLED ), the contour interiors are drawn.

lineType — Line connectivity. See line() for details.
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hierarchy - Optional information about hierarchy. It is only needed if you
want to draw only some of the contours (see maxLevel ).

maxLevel — Maximal level for drawn contours. If it is O, only the specified
contour is drawn. If it is 1, the function draws the contour(s) and all the
nested contours. If it is 2, the function draws the contours, all the nested
contours, all the nested-to-nested contours, and so on. This parameter is
only taken into account when there ishierarchy available.

offset — Optional contour shift parameter. Shift all the drawn contours by
the specified offset =«dx, dy)-

contour — Peinter to the first caontour:

externalColor —Color of external cantours.

holeColor - Color of internal contours (hotes).

Draws a circle.

C++: void circleiMat& img, Point center, int radius, const Scalar& color,

int thickness=1, int lineType=8, int shift=0)

Parameters:

img - Image where theCircle-is drawn:

center - Centerof the dircle.

radius — Radius of the circle,

color - Circle color.

thickness — Thickness of the circle outline, if positive. Negative thickness
means that a filled circle is to be drawn.

lineType - Type of the circle boundary. See the line() description.

shift — Number of fractional bits in the coordinates of the center and in

the radius value.
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line

Draws a line segment connecting two points.

C++: void line(Mat& img, Point ptl, Point pt2, const Scalar& color, int thickness=1,
int lineType=8, int shift=0)

Parameters:

img — Image.

o ptl - First point of the line segment.

» pt2 - Second point of the line segment.
« color - Line color

» thickness = Line thickness.

o lineType -Type of the line:

o 8 {oromitted) - 8-connected line,
o4 -'d-connected line.

o. CV AA-antialiased line.

e shift. — Number of fractional bits in the point coordinates.

putText

Draws a text string.

C++: void putText(Mat& imsg, const—" ‘string& text, Point org, int fontFace,
double fontScale, Scalar color, int thickness=1, int lineType=8§,
bool bottomlLeftOrigin=false )

Parameters:

imeg — Image.

» text — Text string to be drawn.

s org - Bottom-left corner of the text string in the image.
» font - CvFont structure initialized using InitFont().

» fontFace - Font type. One

of FONT_HERSHEY_ SIMPLEX, FONT_HERSHEY_PLAIN, FONT_HERSHEY_DUPL
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EX, FONT _HERSHEY COMPLEX, FONT HERSHEY TRIPLEX,FONT HERSHEY C
OMPLEX_SMALL, FONT_HERSHEY SCRIPT_SIMPLEX,
or FONT _HERSHEY SCRIPT _COMPLEX, where each of the font ID’s can be
combined withFONT ITALIC to get the slanted letters.

« fontScale - Font scale factor that is multiplied by the font-specific base
size.

» color — Text color.

» thickness - Thickness of the lines used to draw a text.

» lineType - Line type~See the-line.fordetails.

s bottomLeftOrigin — When true, the image data origin is at the bottom-left

corner,Otherwise, it i$ at the top-left eorner.

imshow

Displays an image in the specified window.

C++: void imshowl(const string& winname, InputArray mat)
Parameters:

s winname - Name of the window.

e image - Image to be shown.
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Specifications
Product Code
Category

08 Support (atrelease
Connection Type
USB Type
USBVID_PID
UWC Support
Microphone
Microphene Type
Lens and Sensor
Focus Type
Optical Resolutio)
Diagonal Field of
Focaltbength
Image Capture (4:3 5D
Image Capture (16:9
Video Capiure (4:3 SD}
Video Capture (16:9'W)
Frame Rate (max}

ndows 7 32 Windows 7 x84

Right Light Yas
Videa Effects (VFX) 3@_5"5 Fun Filters Rlashs
Buttons B ?

Indicator Lights (LED)
Privacy Shade :
Triped Mounting Cpticn Mo

Universal Clip Adjustability (range) 48.94mnm
Cable Length A Feat 183 CKY
Witlth 40 4mm
DepthiLength 48.3mm
Height 31.75mm
Weight 83g

G20t Comxpentintsmatonsl CC
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A.2 aslauatnas Futaba S3001

Basic Information

Modulation: Analog

4.8V: 2
6.0V 42

Torgue: - ;
4 L oz-i 202 kg

Length:
Dimensions: Width:
Beight:

Motor Tvpe. i-pele
GearType: Alastic

Rotatict/Swepporty “Sirgle 2eatirg
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LLGOH00
11004601
1100010
110001
1100200
1106191
1100110
130511}
11Gie00
1101001
16161
1E0101t
1161160
1161103
1161110
110111%
11160200
1114001
1116010
1310011
1110100
1116101
1110110
111211t
1111000
1111001
1111010
1111011
1111106
1111101
1111110
1Ti113t

140
141
142
143
144
145
146
147
150
151
152
153
154
155
156
157
160
161
162
163
164
165
166
167
170
171
mn
173
174
178
176
177

PN X T CE T TR O

~

Decimal Hexadecimal Binary Octal Char Decimal Hexadecunal Binary Octal Char |Decimal Hexadecimal Binary Octal Char
0 0 3 j¢] i ] 48 30 60 ¢ 96 60
1 I ¥ 1 49 31 61 b 97 61
¥ 2 19 2 50 32 { 62 2z 98 62
3 3 i 3 i 51 3 He0il 63 3 99 53
4 4 11 & 52 3er 10100 64 4 100 &4
L] C 101 E GLIRT d& i}l 65 5 101 65
[} 6 115 ] LCANG L d 36 1T, 16 G 102 a6
7 7 111 b3 3 7 103 67
8 g 1000 1 & 104 68
9 9 190 11 105 89
10 A 1010 : 106 5
11 B 1011 H o8B
12 C Liug, “ & 6C
13 8] 11

14 £ AP

15 F i

16 160 gnno

17 11 GGl

18 12 DD

i9 13 1043

20 14 10560

21 15 19i01

22 16

23 17

24 18

25 19 14001

26 A

27 18

28 1C ﬁJ

29 i) &

30 1€

31 iF

32 20

33 21 1

34 22 1

35 23

36 24

37 25

38 26

39 27

a0 28 1

41 29 1019819 ) 8 131001 13

a2 24 1010759 & 611010 1

43 28 11011 ¢ %3 91 58 :zz&‘¢3 ;

44 2C 181190 & ) Q. 92 5¢ w YIRS

45 20 181101 55 @ Q - o ¥ r\\;ﬂ i

a6 2E WO 56 93’ L "}.ﬂ iy ~

47 2F 101111 57 ! 95 5F L

2 - ¥ o @ ] - = Y ' ) ) %% v
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