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Abstract

The Interactive Tangible Musical Notes Surface is an interactive multi-touch surface with

ability to interact with tangible musical symbols. Children can explore musical symbols by

placing them on the virtual musical staffs displayed on the playing surface, and the system plays

the resulting melody. The system senses musical symbols on the surface using the rear diffused

illumination technique as a hardware design concept, and displays the processed output back via a

projector on to the surface. The main underlying techniques are image classification based on

K-nearest neighbor classifier using features derived from musical symbols. The distance

transform is also used to find the locaiions of musical notes,
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2.3.3 MIaamnav1Id1 (Threshold)[14]
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2.3.6 IALHETITOAIMIVGS (K-Nearest Neighbors)[6)
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h 4

ﬁmwﬂszmawamwuﬁmﬁu (Pre-processing)
- MMEAAUMUAIHA IO (Flip)
- MSMAIRIZAVINT (Grayscale)
- msuﬁummai‘lwmmw (Brightness enhancement)
- M51IN NI (Binary image)

- msnsastoyaninlnoldnnisegii (Median Filter)

- 11M51laYe3719UB90 W (Closing)

h 4

113 MUDUIAYDIIAY (Contour)
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3.3.2.3 MSANANINANUBINN {Brightness/Contrast Enhancement)
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3.3.4 MIiMvoulunvedmw (Connected Component Labeling)
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3.3.5.1 MANUNaNYDs IMAAUA3 (Circularity)

4m(Areca)

Circularity = (Perimeter)?

a X 4d

~ Area  fo Hufive Tinauns
, = 3 W =1
Perimeter 1D mmunmuiaugﬂunﬂuﬂﬂuns

3.3.5.2 A1BATIAIUSTHIIUANIOY Convex Hull A idusougiuealdnauad

i Convex Length
Convexity Length = ————

Perimeter

» Convex Length 718 ﬂ‘J“IIJU'I’JIﬁuiEJ‘le‘IJ‘llm Convex Hull
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3.3.53 MBATIEIUIZHINRUAYE 1A AU WU Convex Hull

Area

Convexity Area = —————————
ty Convex Area

X d
». Convex Area A0 #UAUD4 Convex Hull
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3.3.5.4 MonsEIUsEH INAHuNved Ila fu Aunfimasuseu Tinauni
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Rotated Rect Area

Rotated Rect Area Ratio =

.g vy ¥ 1
« Rotated Rect Area A Wufitwasufinsoungy inaves

1 or L) 1 5 o H d
3.3.5.5 MBATINIUTZHINMIUTU A Sue1IvDITMasY

Shorter Side

Rotated Rect Aspect Ratio =
P yj» Longer Side
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Minor Axe

Fitted Ellipse Aspect Ratio = m

- Minor Axe fiD fIINUIDIVDIIT
Major Axe Ao UNUNANYDIGS
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Perimete
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3.3.6 mmw‘immﬁwoﬂﬁmum‘? (Find Head Position using Distance Transform)
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MARHIN U

L

ar T |74 =f et
manamns I lansslemud

» .
1.1 InaauazAnana 150030 Microsoft Visual Studio 2010 W3eversion oy 1iSuuion
2 1
2.0 Inaaunzanadlousis opencvvlf:fi)‘lﬂ http:/fopencv.willowgarage.com/wiki/ Tuaau

Yo Dowloadclﬁlﬁi)ﬂrelease version ﬁ'qgﬂ

Downloads

» You can downioad the| ® release version (2.4) igr @ Unix, ®Windows or ® Android.

+ For the lalest code, see the Install Guide.

A O ey = o d.n'lv Vo o A gt k a
3iaenszuinljiiinmsvesnouniames (luntgsavindenlsd opencv-win)aagil

Looking for the latest version? Dawnload OpenCV-2.4.4-beta.exe (334.8 MB)
Home
Hame # Modified 3 Size Downloads #
= opencv-android 2013-02-12 i
ma opencv-los 2013-02-12 -
B opencv-unix 2013-02-12 am
[_- opency-win ] 2013-02-12 1Y |
Totals: 4 Items

e A

[ 4
41800 versionud opencyv(uilfiariden]d version 2.4.3)8031



Looking for the latest version? Download OpenCV-2.4.4-beta. exe (334.8 MB)
Home / opencv-win ENY :
Hame # Modiled # Size * Downlpads ?
4 Parent folder
- 244 2013-02-12 1" J
I- 743 I 2012-11-22 vy
| 2.4.2 2012-07-04 i
- 241 2012-06-21 P
| 2.4.0 2012-05-01 o
m 231 2012-04-04 .
"

4 )
5138n0penCV-2.4.3.exe Iiom1ni Inaansgl

Looking for the latest version? Download OpenCV-2.4.4-beta.exe (334.8 MB)

Home f apencv-win { 2.4.3 N
Hame Modlified ¢ Size ¢ Downloads *

4 Parent folder

OpenCv-2.4.3-GPU-demos-pack-x64.exe  2012-11-22 356,0 MB 164 O 5__
OpenCV-2.4.3-GPU-demos-pack-xB86.exe  2012-11-22 4264 MB e @ _
checksum-2.4.3.bd 2012-11-02 103 Byles 2 O_
OpenCV-2.4.3.exe | 2012-11-42  263.7 MB 5360 @ Wl
Totals; 4 Items 1.0GB 5,763

o TF Nl e L

o
6. msannahiGuudeuss 1aInamoivo4 opencvaiagy)

v Modus 2/12/201311:00 PM File folder
4 Mp3 To All Converter 8/15/2012 301 AM  Filefolder
& OpenCV

1/13/201210:38 .. File folder _
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7. MTAAT path A3 11 Control Panel > System and Security >System>Advanced system

settings 1A0A Environment Variable ?TQ;;']J

TR . e sy

You must ba logged an as an Adrinistrator to make most of these changes.
Patfomance
Vinal effects, processor scheduling. memory Lrage. and viual memary

User Profiles
Dapdop seftings redaled 1o your lagan

Starkp and Recovery
System sy, yyem falive. and debugging information

{ ¥ [} 4
8. System variables tAonpathtimiunalfy Editid291015iWupath 484 opency Al

4 Aa X 1A
£:\OpenCPWopencv\buildix86\ve | O\bin; (Tﬂﬂ%BDrive nimdula zYUDYN :ﬁﬂ

Twuudnetju ok

b d

User variables for jeerapa

Yarialde Value

PATH C:\AppServiApache 2, 2Ybin;C:\AppSarv...
TEMP WUSERPROFTLE 4 \AprDalal ocaliTemp
™ Y ISFRPROFILE %\AppDataY ocal {Temp

{ ren.. J{ edt.. ][ odew ]

Sysiem yaiaies
Variable Valwe -

C donszystani? S o doas Tt

JCOM; .EXE;.BAT; .OMD;.VBS;.VBE;. 35;....

o
&

#d

7

»
o o

AN

¥
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. . . & 2 . . .
9.47ln T1l5unsy Microsoft Visual Studio ¥13n¥hmsa¥ 14 New Project [ABNWin32>Win32

™ 1 1
Console Application >A9%0 Project >1880 Location IRDINTT save >OK

-ar¢h nstahed Temnplat

Type: ¥Yirual Cos
A project Ior creatmg 2 Wind? console

1|—‘_%;“_—| E Win32 Project Vigual G+ - sppkcation

W

Test Project
F D:\Work\Senior Project\Tangible\Program

Picy




10,1090 Next

Win32 Application Wizard - Test Projes

These are the aurent project settings:
* Console application

Chck Finlsh from any windaw to accapt the cument gettings.

After you areate the project, eee the project’s readme, bt flle for Informats
about the praject feabuses and fles that are penerated.

YAl

[ 14800 Console type 1 Console application LIae Additional options i Empty project

o
21 UAAIJY Finish

Application bype:
+) Windowrs application
oy 18
i) Gtatic ibrary

(¥} Empty project

69



gy o s Y o o A A r .
12.A1U1A19 Solution Explorer Mnanuni ye project 110N Propertics

3 Header Files
[ Resounce Files
(2 Source Files

[ 7 Commenfbrapiier - | |
4 Confmgunation Properties H
Genersl

Refesence Directenes

N

Library Divectories kA ——
y Source Dineclories ${YCInsa BDwr)etbmdcsrcd nﬂcswﬁuhﬁ}aﬂnh\m\mlc‘
> Maret Tl Exchude Directories SV ClnstaBifinclude $0¥CinstaBDishatlml cNinchude S (Windy

. XM Document Generator
x Browie Information j
» Budd Events :
i Custom Buitd Step ‘

Paih to use when searching Tor inchud files whie buliding  VCe + project. C
BICLUDE.

(o [ comca ][ e | ;
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14. 1Ry TWoune3 E:10penChopencvibuildiinclude idmndagy > OK

i

Inherited vafues:

${¥CnstalDir)include L
${¥CInstallDirjsllmfc\include :
${WindowsSdkDirjinclude

HFrameworkSDIDifinclude

{7} Inherit from parent o1 project defaults

151800 VC++ Directories >Library Directories > Edit

 Common Properiies
a Confiquration Properlies
Genenal

D by OO
7 Manifest Tool
» XML Document Generator
++ Browse Information

» Build Events
o Custom Budd Step

Configution: [Acive@ebug) =] Patfor [ActivefWind2)

i S ==

& e
Erecutable Direclonies
Inchude Dueclories
Reference Diectosies

E\DpenCopency\budduncude; S0n:udePath)
$(VOnstaWDir)atbmd c\bb; $(VCinstaliDic)ib

RN

Source Direclodies
Exchude Direclories 3

e =

Path to use when searching {of Borary fles while building 4 VC++ project.
LR,

i
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t6.1¥1fin TWawne E:\OpenChopencvibuildxg6ivel Mib 6 mndagal> OK

SR |

Inherited vatues:

${vCInstallDin)lib

${VCinstalDirjetimfc\lib
S{WindowsSdkDin) b

1 HFramewodSDKDINiDL

[#} Inherit from parent of project defaufts
o J[ o]

17.Linker > Input > Additional Dependencies > Edit

Conliguration: [ActvelDebug) v| Pltionm: |Actre(Wini?) *| [ Configuration M
» Comumon Propedies 3
4 Configuration Properties Ignore ARl Default Libraries
General Ignote Specific Defavlt Libranies 4
Debugging Module Definition File
Riardayi Add Modude Lo Assembly
Emibed Managed Resource File
Force Symbol References
Delay Lcaded Dls
Assembly Link Resource

1o ib;odbecplib; %{AddtionalDependenciest v

5 XML Documend Generatol
& Browse Information
i+ Buld Events

=+ Customn Build Step

Specilies additional #eTa Lo add (o the Enk command Ene [Le. berne32.5b]




opency_core243d.lib
opencv_highgui243d.lib
opencv_imgproc243d.lib
opencv_features2d243d.lib
opency_calib3d243d.lib

& 13 o . 1 o ot o W o
atTuniithiversion 2.4.3 A9UA5nY3 d HAIAIRUAD VBAIIIY debug mode)

‘| opencv_core243d.lib
opency_highgui243d.lib
opencv_imgproc243d.lib
opency_features2d243d.lib
i opencv_calib3d243d.lit]

4 Configuralion Properties
General
Debugging
VC+ » Directories
a2 Linkei
General
Inpu
Manri est File
Debugging
System
Optimization
Embedded DL
Advanced
Commund Line
. Manifest Toal
1. XML Document Generslor
1 Browse Information
1+ Build fvents
i Custom Build Step

" kemeld2 lib
4’ used2lib

i gdiz2lib

- winspool.ib
. comdig32.lib

Inherit from parent or project defaults

Em

Macros» >

Cancel

i
il
o s _' . :

i 1 e
lgrore Al Default Libraries
Igrore Specific Defaull Libiaries
Madule Defmition File

Add Module to Assembly
Embed Managed Resouice Fe
Force Symbaol References

Delay Loaded Dils

Assembly Link Resource

Additional Dep
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'Test_Project’ (1 projedy
4 7 Test_Project iy
{3 Edemal Dependencies [

Fhes

Windows Form

Ces Fie Lepp)

Headers File (h)
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Component Class
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22. 1AADY copy code MUNNIAIY

#include<opencv2\core\core,hpp>

735

#include<opencv2\highguithighgui.hpp>

-

#define TEST_IMAGE "D:\\opencv.jpg" €—m . ¢ . . ¥ v
muunznmn1uun1uqnnm

int main(}

#tmduld Ao path vesgalnmiidesmseziu

{
// Open the file,
cv:i:Matimg = cv:i:imread(TEST_IMAGE);

/{ Display the image.
ov::namedWindow("Image:", CV_WINDOW_AUTOSIZE);
cv:iimshow("Image:", img);

// Wait for the user to press a key In the GUI window.
ov: waitKey(0);

// Free the resources.
cv::destroyWindow("Image:");

return 0;

}

»
a = ar

»
o
23. 910 code MMUVY 92 1ANANS run AIHDONIARA opencvd 159

{Global Scopr)

= Minclude <opency '{!j &\WorI‘H\Senir. :
#include <opency e e -

ndefine PEST LA

=1int maln()

ff Open the (114
cviiMat img = o

f7 Display the M
cv: nasedindow|
:v::i.nhau("l‘.ulr

2/ Halt for the s
cviiwsitkey(e);

f} Free the resd
qv:rdasteoyrindd

return 9;
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