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A Matrix-Based Graph Matching Algorithm with
Application to a Musical Symbol Recognition
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ABSTRACT

In pattern recognition and image analysis applications, a graph is a useful tool for complex object representation and
recognition. However it takes much time to pair proper nodes between the prototype graph and an input data graph.
Futhermore it is difficult to decide whether the two graphs in a class are the same because real images are degraded in
general by noise and other distortions. In this paper we propose a matching algorithm using a matrix. The matrix is
suitable for simple and easily understood representation and enables the ordering and matching process to be convenient
due to its predefined matrix manipulation. The nodes which constitute a graph are ordered in the matrix by their
geometrical positions and this makes it possible to save much comparison time for finding proper node pairs. For the
classification, we defined a distance measure that reflects the symbol’s structural aspect that is the sum of the node
distance and the relation distance; the former is from the parameters describing the node shapes, the latter from the
relations with other node in the matrix. We also introduced a subdivision operation to compensate node merging which
is mainly due to the preprocessing error. The proposed method is applied to the recognition of musical symbols and the
result is given. The result shows that almost all, except heavily degraded symbols are recognized, and the recognition
rate is approximately 95 percent.
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23 3"l 914 (syntactic pattern recognition)
v e B3 wh(statistical method) @ 7 &
Q4le] Z7Hg olFd. FEAHQ #He HdE& 74
A& (primitive)® 2% ke #7A(relation) 2HFH
~E#(string). Ed(tree) £& 1 E(graph)E
B 7|2 AgeR din, o F s} 7Y duk
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gy AAE Zgold shatd o9& A Ax o
A3Ql 9di(ideal image)# 4 YA fons
A AEE B9 £ A A5 Hos oo @
o, =3 adze) fA WnE B AE 83
< Aot
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(Fig. 1) Thinning and crossing point extraction
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B A2HE& Ad A A 713HE 7] udE
o] &3] gt

71549 A9

1. 233 (Crossing Point) : Al 7] o]4e] MEo
A A71E A& matolz gl

2. 3(Ending Point) : 3lL}e] MEgte] AAs
o] = HE TYolam Fhl,

3. HzZd(Angle Point) : ¥ MEo| 90° ol
7+ 0|20 e dE Wy oelgl g

4, 32 (Route Point) : & MEo] 90 ®r} &
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&l Zk2 A (I (22 FE o mAH EHE
53] E4H(feature point)olel e} o] dof o]
(neighbor point)& 3x3 wlxzoy § Witoz ¢
AY HES W)
if (NeighborNo(point)> AND Transition(point) > 3)

(1)
then (CROSSING POINT)

if (NeighborNo(point) = 1) then (ENDING POINT) (2)

A (1), (2)olA NeighborNo( - )= °1%d & &

g7|ghol Hut ADEIS0 AT U 7159l 214 2063

2o FE wEY, Transition( )& o]£HE
AlA oz gAg of FshioA WtAh R ¥
342, olg v 34 7]ik(pixel based) AAs} &
aelg aefskR MMst dayl bl 8-ddel J#sl
A gonz g}
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Hol g} o] W, M F=s}t AREHE HI Bus
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7tA(branch) & Aegt}, 742 & PAse H 3, 5
Aol ofd HEL 7|5HET] s Ao 9
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Yhis dog wnyde % jo Aol mapEE Al
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(Fig. 2) Critical points after line approximation
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Primitive= (¢, c; 1, 8, type, _5; ;;) (3)

A71A o3 iz A ARl AREHD e 7
IHE & T AR HolE vt o] W Ho
& 7158 EUMRE Ha AR dF ddAHd
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(3 3) ¢ 9 Mo
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(Fig. 4) Ordering

23 J@=e wY EH

agzel HES 93 of wRelNE HAL A18s)
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Matrix = ( P, R) (4)

ol P& 7159 T4 A2 =E(node)Z 8



oA tizk Yoz Yeyn, R & vt 49 @
AL UehlE dA(edge)2 BoA vz dBo
2 vepdth 2zt x4 (5), ()3} Bt

P = (1 6 tye) (5)

b= {1 (T 4Rl TEY N1EES TR A

0:299 B¢
(6)

xE P Aol Aol ol A Ao glsuke
7 o5 4 (3ol HelY AL wey ojx R
< o] #A(binary relation)2 5 T4 ARo] Y%
7154¢ T48=%), M2 whh==(touching) 9] j2g
vebdth F g emo) p =57 g2 7EHE B
3k 49 md ndel 949 ny mIe 9iaE 12
Hepte 7|8HE TR g ASE F ARl o
(zero}o.& vehdc}

7159 B@ <7} (2R 5)old. (28 54 (a)
£ A WgE 7158 JehiY o] HRES gz
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(38 5) 7159 #¥E =3
(Fig. 5) Matrix representation of a symbol

7138 BABHe 8de] A ¥ (symmetric mat
-rix) & ol ¥ Aol HAE Y& iz 4B
3 1 ot RETHE FU|E T ujAAME o]E REu

& g
3. Jz ofy

7138 BAMH: P& AEEY A= 9% (protot
-ype) #e] HIE Bal oj® 7)&<x it o o
F 7183 ojFdHd T2 AEE vEhlE Aolw(di
-stance measure) 2M ¥ 7|39} 9F vz 2

x5 FHse F YR Ads Fale] Hio 4
oEE 7= dgez Qs 7|z E Wit o] o
Hh Aolmyl dAXNE de FS. & FzHoeR
B #Eo] A A= veldog HsYr).

Pho| A AL 4 F PHo| e AV|E
TE 2% £ 7|38 e w28 F P §4
F wmsEol ¥ UM 2e ol oEE Yug
(rearrangement)dtil, ol 98] HE o] 115 o
7] g HEES FYE B HAYE 3 5 g A
O|EE Atgtr}
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A 4 Atk o]HP M 2 Ay =28 e 8
& uud o gigEE =550 PP Be 9
d L= 3y HMe F #de 2L 27§ 1A
of gt} welx WA P 278 2P YA
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(prototype matrix)3 S}gld dole §¥38 F =77}
< #EE UdA P37 5IF 2718 2= $ge
. &332 A (N2 Rodn

Expansion(M,, m) =M, (%, m>n) (7)

A7) M3 M. 27 3457 A9 339 &
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o JEL Gyulo] sMeEEE m > nol 2PL BE
gtojof gt &gel ovt A (812 =7 29 FHE 3
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i g7t AAEA, v Q9o e wEE F
AA 718 =g M frAE =58 xR R4
P dojAe] Aol ola] Fol dl§ w22 AHA
gl gdo FFoz A8 oF 7|FE == Ud =
=& 7t g™elA ue P AN 5 donz 7E
wEo YA G o|FAA 7IE ==7 dE =28 FY
g g 952 olFAPo e Sy WP AYTA
g},

(29 &)elM M 1 =8 Mool 1Al 39
7z A g =9 vlarl 7Vsd ole Mol 2
g FAE7] wioly Mo 2, 3 xE7 Ml
4, 5¥ == g2 5 A7) diold, & H=rt
Z5E i YAE AR oo s Mol 3 w=E=
= M 4A5E 5AA T A9 w=g) vl 7bEE
o} ool Mo 1 =9 2] Mol 29 wESt M;
o g r=g AU Yotk F M) d xE
Z shivt M9 =o9 v PR Qde wAE o
xE o|lFe xEEL & /5 k& HH FoE
A g4

5 g9 &4 A% A7zt 24 n meln @
AP == Ao 71 ] olebd, &9 AP Y
w=E $EA e ghe] i ol |m -l -
1+ 14 =27} vla g9)e A 9ok 2§ 6.914
m, ne 7zt 5% 3018, M9 1H x9| AF$ o)A
o g MY el Qov Mol 19%8EH 3( =15 -

31-0+ DAY x=7} 8 HHd Qlct. ol Hl&
M;9) 2 xE9] ASE oo | siFE o] 3y
dome M 33RE 2( =|5-3]1-1+ 19
»S7} Hlal Welol A fch

L 1l 2

2 3 4
3 15 ]
deta prototype

null matching |1 2

1
11 : 11 ')
013 113 1012 ——=]1 1 ]
ML 0104 0']1?0[04
EEEK] 00113 soean 00115

M M, M, M,

(0% 6) ‘£=2o| H|m MY
(Fig. 6) Comparative region of a node

wEZH] fAMY B9 HD B9 sle =89
wE Aol g Hlwste] golzst MY Fe xE=8 #
£ Aoz ¥ BRI 71 oM 8] FdiH
2g nesled 4 (98 Zojdr)

NodeDistance = ShapeDistance + PositionDistance  (9)

A (9)e =3 B9 ztolg el ShapeDi
stancest ¥E VA o] §1A zlolo] 4 Aol
%21 PositionDistance®) 228 749}

2 (9)olA ShapeDistance® xZ$8| 2%& HA}
iz Al 7HA ARl 93 dolke o= 4 (1002
49gac. 94714 Pie (U, 6. tpedoln, PE
(lo, 02 typedE A (3)& WEY LengthPenalty
T F AR ol Hold g WYL Jehle AF
ojc},

ShapeDistance = | I, — Iy | - LengthPenalty
+ AngleDistance( P,, P,) (10)
+ TypeDistance{ Py, P;)



2 (10)9l M AngleDistance( - )% TypeDistance
()2 7z A (11), (12)2 Aojdrh

AngleDistance =
| 6 — 6, | - AnglePenaltyl
[ if typel = type2
(11}
AnglePenalty?2 - 8
if typel + byp2
(8= 6, 6, 3 34 K& 3AY)

. _ [ TypePenalty if typel + typ2

(12)

o] W} TypePenalty= Z77} th& x=Zo dig W
HE. AnglePenaltyl. 2= ZtZt 2§71 2% d¢ ot
€ o 4% zold Folxle HWHEL vYehlE Aol

LRV 2 xEER 08 Ao 2= xR
ol FH3AT FH7F U2 xteol A9 M A
< 3H =7t (zero)olBE FMe A ALE ¢
=9 g% o2 g

A (9)olA. #E e 9Jx xolo| 2§ Posi-
tionDistance= %} (13)0.2 #Helx}

PositionDistance = | positionl — position2 | -

PositionPenalty (13)

o W positione #F oA w7} 2= H(E
€ 99 #& Jehlv PositionPenalty= 38 U
M x| Aolof izt WHE yehli= Aot

- ®

1 2

(32! 7) PositionDistanceol] 2J8t ==9f LS
(Fig. 7) Mapping of a node with PositionDistance

o] YA Aoz (28 NAMAY fAME 4AL
T wE7h 4402 g A &4 Y (ordering) 9
ARE uste ¥ =So O SHEE 7 ¢Fe)
th (2" DM ©-19 dige] @29 her 83
WellAe] 91A] zpololl o)&] 2 o= g XA HE
2 4& o2t}

(29 6)ollA #8 Mol 28 ==& Mol 2894
4PN E v HARE 7N, 4y TN B o
M9 29 wEF M) 3W kTl 4R mYy 7
AR e R M R VA A & o o I ) o=y
Bol=E 7HABR A& olEch M9 2¥ w=ot M
o 3 xE71 AL o|FA HY, 0|50 HF udA
22 o] LEF Mo 2¥ ==E 2804 3o 7
o] gAIAck 3h ol A (14)d] AP olF datxt
{(shift operator)& %3] o]Fo]zit}.

Shiff( M, p, HowMuch) =M (14)

714 Mt M'e olF AFY PPE pt o)L
AZE g9 XS, HowMuchs o8 AEE Uk
ko2 o7k A (15)2 23RE 199 o]Eg A
gong o} do] 291 BE Y4 Eo| HulE A
YA 289 A4EL 3o ARG

1

1
Shift(l 1 2 ],2,1)={ ](15)

1 -2

3.3 2 &Hsubdivision)

(¥ 8)dlA G GiY #ol G G.9 Brd
I 2PN o fAST dAg o) dd2 gd
& 3% Pt M9 #ol P9 Mo ABT O §4}
d 4458 7Y, 38 M, MoIAH 2E 2 %
Eol Pt b2 U4 Eelt} ol rlEe FzFHY
Zdd A ulgAsx) £joz oF poas] Y4
28 A4¢ =090, B¥S dvi¥9 dgo A
ge vz EAMde =259 B (relation) g
23 WHoR ARl Ao

282 (29 8)dA 28X G9 44 k=
Yo 493 5 w=o WEAA B2 Uy 9%
& @}
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2
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1
12
113
0104
00115

(33 8) #&E 715 1 Y
(Fig. 8) Distorted symbols and their matrices

UL 4 (1% B5Y W 298 H2e ol
s AP wmt Helstel M

if [(A; = null) AND
(Relation(A,;. , i+.) = Relation(B;;) OR
Relation(B, 4 i+ an]
then[A; < *

Relation(A ;) — Relation(B;;)
(16)

Relation(A;, i+ a)— Relation(B,. i+ a) ]

7| A¢t B Zt7 @39 dEA &YEA 22
FA2 Jehld, A A FE9 | Pl Y= k=8
7Y ez 19 @& 7HAT, AR E£3e] U
Ui REY Ajveive ©1BE W xEQ Al QHT
sute] w=rt BEd §4 FAEE Jedd. g
8ol ME Mol B4 3wWolt 49 wxr) 4309 d
w2 3 £l g ¢ Aot

2 (16)91A4 Relation( +)& § xTr7} JHEZE
TAse o2 RE =288 25 AR 39E oA
xEE 7H7IE g ZEe 43 oldZEd Jehd
o2t (2 98 Yo8 FAE FEEo] 3d
E71 2= #@Alelnt. of W ESH(7)E #3d tivo
A k& ZAHE A

4 (16)e] F ' A =Ue #§3Es] ¢ P
?_]ﬁﬁ} "?" LA Bifai*a 9}' Bil7" 77%—\‘:.‘ :'L!!'Zﬂ-q] E‘ai}

]

Ii
OO@»—A»—-
o~ B
cee

4
15

Relation(Py)=(1, 1, 7,0, 1)

(02! 9) & LIt 2 oA
(Fig. 9) Relation of a node

(OR)O], 9 xE A9 ol % %E9Q Air,ira?} 3
#AY 25 FASY Iy 8.oA FF Po 44
w27F ZbE #AE (00 1000 7, Dol 59 wET}
Zhe #A= (0, 0.1, 1, Mol o]E9] OR-F& H
1ol 23} (0, 1. 1. 2, 7)°] 53, ol M9 4H
=7 Zh= @A (0, 1. 1, 7, 19 2k ek M9
49 == 28" Qv o] o & #AAY vue
® 28 warh

(& 1) OR A
{Table 1> OR operation

AIB|AorB[|A|B|AorB|A|B|AorB
010 0 1 {0 1 710 ?
011 1 1]1 1 7211 ?
017 ? 1{? ? 717? ?

CE 2) 3| |3 A
(Table 2> Relational comparison operation

A|B|A=B|A| B |A=B|A|B|A=B
0] 0 C 110 X 710 @]
01 X 1 1 O 711 C
0|7 C 1] 7 O [7]?7] C

O #AZ g xF A 23 g

Po 38 wTo 48 w27} 2= #@AE 77 (1,
1.2.0. D& (0, 1. 0, 72, No.Z o9 =S
F3E (1, 1, 27, 2, 1ol Ha ol M9 39 =7}
2h= B4 (1, 1, 72,7, NS gong Ego] iyt
4 Qo). ool d wmEo] FFoA Ho] 5T A
S5 dE =B 49 dolmrt & FoA £¥o] 24
gt & M9 38 wtE pol 38 nteol 4L o2



T M9 49 P 59 =9 S o|RA, M9
49 =9 pe) 59 k=7 FE| Aol7t o 27| WE
o o71A Fo] WGt

B8 839 A 989 4 w5 F¥ A9 M
2E(ME AT, Aiveiro’t TS =287 2 &
AL Bitaire’t HE 2EEH 2= BAHZ, At o
2 xE88 3w @ Bl e xEEy 2eE 3
AR gt gAelct. A (16)eM 71 dids v
Ehdict,

1 G, G/

'\2_ subdivision  [“Sw——_
—————— s
3
4 “
subdivision
point
1 1
1 2 12
M=1113 113 =M
. . . . 0 1 0 *
01 . 00114

(g w0) 28
(Fig. 10) Subdivision
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