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Shape Recognition Using Skeleton Image Based on
Mathematical Morphology

Chu Seock Chang' - Yoon Koo Son'!

ABSTRACT

In this paper, we propose an improved method to recognize the shape for enhancing the quality of the pattern
recognition system by compressing the source images. In the proposed method, we reduced the data amount by
skeletonizing the source images using mathematical morphology, and then matched patterns after accomplishing
the translation and scale normalization, and rotation invariance on the transformed images. Through the scale
normalization, it was possible for the shape recognition at minimum amount of the pixel by giving the weight to
the skeleton pixel. As the source images was replaced by the skeleton images, it was possible to reduce the
amount of data and computational loads dramatically, and so became much faster even with a smaller memory
capacity. Through the experiment, we investigated the optimum scale factor and good result was proved when
realizing the pattern recognition system.
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3 golB g Yo e EEAY KrhE S063e]
AYAA 743 22 A2 ghe YeEld g 4 4 U

(E2)E (299-2)¢} (299-b)2} Aol SHHA
A F@ste BHYNAM A2 E AdgE el
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(H 1) s0674 D062l H &k otk
{Table 1) Matching distance of S06 and D06

(a)so62 HetEnt 4t
{a) Matching distance of S06
el x 1072
S01 [ S02 [ S03 | S04 | S05 | S06 | SO7 | S08 [ S09 § S10 | S11 | S12 | SI13 [ Si4 [ S15 | St6 [ S17 | S18 [ S19 | S2
S06 | 629 11235]6.69 1847 [ 577 0600 [46.19 | 6.47 | 492 [27.2511691 1192 | 6.89 [84.93] 1.29 [ 9.00 | 8.33 |12.42(9.53
(b)D062| Mt n} gt
(b) Matching distance of D06
Haldt x 1072
S01 | S02 | S03 | S04 | SO5 [ S06 | SO7 | SO8 | S09 | S10 [ Si1 | S12 | S13 | S14 | SI15 | S16 | S17 } Si8 [ S19 | S20
D06 | 6.51 {11.38] 683 | 8.90 | 542 { 1.24 | 569 (48.51]| 695 | 464 |28.18116.94| 2.22 | 6.50 |88.70| 1.51 | 9.36 | 6.84 |14.34]10.49
(E 2) (O%l9-a)2 (239-b)2 HEaHA| MAMEl= MHaldt
(Table 2) Procedural distance of (Fig.9-a) and (Fig.9-b)
Ha|gt x 1072
0 5 10° | 15 20 25 [ 30° | 35° | 40° | 45° | S0° 1 55 [ 60° | 65 | 70° | 75" | 80° | 85° | 9%0° | 95°
25.54 | 26.48 (2838 (25.14 | 17.30 | 11.26 | 9.55 | 8.69 | 7.84 [ 8.93 | 8.73 | 9.99 |10.53 [12.14 | 14.87 | 30.80 [ 29.17 | 27.61 | 21.62 | 21.50
100° | 105° 1 100° [ 115° | 120° | 125° | 130° | 135° | 140° [ 145° | 150° | 155° | 160" | 165° | 170° [ 175° | 180° | 185° | 190° | 195°
11941998 | 8.08 | 7.34 | 540 Y 4.15 | 331 | 3.12 [ 3.57 [ 414 | 5.12 | 692 [ 8.30 | 9.12 | 10.00 [ 11.65 [26.15]26.92 | 27.77 [ 25.32
200° | 205° | 210° | 215° | 220° | 25° | 230° [ 235° | 240° | 245° | 250° | 255" | 260° | 265° | 270° | 275° | 280° [ 285° | 290° | 295°
2030 | 1298 | 11.68 { 11.07 [ 10.35 | 9.75 | 10.39 | 10.59 | 10.66 | 11.53 | 19.34 [ 28.56 | 26.63 | 25.84 | 24.94 | 9.61 | 8.75 | 6.89 | 5.69 | 4.86
300° | 305° | 310° | 315° | 320° [ 325° [ 330° | 335° | 340° | 345° | 350" | 355°
331 (245|152 | 1.24 {163 [ 271 | 373 [ 511 | 675 | 7.14 |10.12111.33
5 4H %A H WA o9 A Yele] PYeiiE ALY £ 9

¥ =FoA Atd W g3 E AFE) 4
gt (29 1) 7o) 256256 2718 717 Y=
A 2070 9] AL oW (29 124 U
ehd 2l 22 o 3 3AE 20709 YAE e
o] YAt o] FFESL ¥ WA €N
Holu AAFAAA Aol B & e ¥
€ A3z ded, (29 1A ERo] A1zt, 4zt
3 3 4% 53 o5 KA HBY YAER 7
g=o] k. ol e FAEL Aokl o4
7t 2ol AF AMgEE Ao2M23], A4y
AFHIY FEoA, Y3t 49L& =2HAR
A& BoA 2ex ¥ YA AAD 42 92
2 Fof 5oA ol &Y + Aok YAEE £2Y

3 EF ol wel Z17] g FAE L F Aoy,
ZA2 Y 712 el 7HE AR TP Yya
€ fWdisk)olth. A Y A 29N e g 7
37 o Me A Sx59 F7to] YR Fy),
£ =FdA = 3%x3 Rhombusg} 3x3 AALZHE 14
28 Q502 AHR3te H9 YA E AL &
F& AL & A S5 YA A e 1
a2 Aoy, ok 12

HUH3 25N Ho) 715X F8 191432 30
7h2] WA F| A (23 11)9) B2 PAte) 2 el
% ZoleaE) e A, (2Y 12)9] Az Y
o] ZtAA 2 A7iek G4 WA X7} g YAt
et A Yoz FAsi) Y AY L AR
AFE Ay FHog (29 199 Yt 2



"ol A gatel 8 A o]FRE = A4&o] 100%
ghe A2 U £ o8, (B oM E olue AYA
2 gg Yz k. wEky B = A do
Adg 49 GAEL QA5 At & gatol 8
ol Ak =l 283 A4 AAE yehlle A2
F¥o| shsdlty T3 oo QYA F= AYY
o) B Aol o] 2dE WS Fo| ARG o
A5, 223 f=82 Ft3e 3¢9 HA5+E (F
Syoll GeRNQUTE (F 5)olA HEo] 91948t 24
e A#S F o) JAFT AHH O R 97.8%F
e AL A o, gy QYo ded £33
9] A4 PAFB=82 A9} diuo] = 434
e 99%, 28| 2AAIYTAE 67.1% P &
Atke AL 4 = Atk welr] Ao o YAy

TC|HEIRY AR YN 0SB FA0IY 893

9 Zthe 49 F9 719 Fie A4 KA E
o) &% A9 At} ¥ A ALE A4 Fol
Z01E7 HBZ A4 143E ol& + Sl

(B 6)& olE2ag Yo e Ao ds 3
AP T YA ARALE pgtol wet et
iz glck A gtel 271 A g2y, 54
FE P4 dAFolmz (14 g A #9
A3 vl & Aok gEkA BelX 1Y, g7 F
7heA HR QA4 Frtete HEARgE 571
&3 Qoo 2 AF2Y g g9 F7to w43
$ugE Sy Joug 379 F23 FHo
3] PR E 4+ A

(E 3ol Jebd #=7U 759 FRA w& A
HEY (Z2¥10-a)d A Be D029 940 EEAHY

(H 3 8 =120 Metr2lit
(Table 3) Matching distance at 8 =7

Heldt x 1072

S01 | 802 | S03 505 | S06 | SO7 | S08 | SO9

10

S11 [ S12 | SI13 | S14 | S15 | SI6 | 817 | S18 | S19 | 820

DOI | 015( 1.30( 242 1.171] 1.21] 2.56{ 0.89 18.02] 1.19

1.44

1L13} 7.731 1.27] 2.56 21.37. 1441 517( 390 7.72| 259

D02 | 095( 1.40( 236 1.38( (48| 2.56| 093 (18.41 | 147

2.59

1435| 6431 1.29 282 (26.88  1.78 | 5.82| 4.94] 9.06( 4.38

D03 | 203| 1.80( 0.34( 3.05] 081 | 3.00| 262 [15.34( 293

287

1137( 311 1.59| 094 {23.05| 1.87| 747] 4.03] 6.10| 3.15

1.09] 1431 290 | 050 1.76 3.55| 1.26|18.97| 0.78

294

1551] 768 1.73| 3.60 [33.14| 179 491 524 8.2 445

DOS | 096 1.36| 1.48| 1.70| 0.63| 1.55] 1.29[17.87| 1.63

1.65

10.76] 6.10| L.11| 1.88]20.61| 0.90| 4.09| 397 6.84| 3.67

1.931 3.77| 284 346 2.54] 0.36| 2.71{16.60 | 2.91

237

10.13| 635 1.08] 3.17|23.99| 0.78| 2.57| 2.50] 547 4.56

D07 | 1.06| 1.10] 227 1.56} 1.36] 2.54| 041 | 18.88 [ 1.57

233

13.65) 662 1.45| 2.63124.04 | 137 499 4.89| B.17| 345

D08 [20.8519.08 |13.5019.29 | 18.57 | 19.04 | 19.42 | 5.09 | 20.51

15.43

17.39|12.89 [ 16.35 [ 14.57 | 21.84 | 18.24 | 16.63 | 13.90 | 10.91 | 14.45

D09 | 096) 2.36| 3.14) 0.87( 1.78{ 3.19] 1.65|18.97] 0.79

294

14021 7791 1.76] 3.23127.25| 1.95| 2.72| 493 | 4.77| 4.18

DI9 [ 2171 3.02( 3.00¢ 3.73| 2.09( 2.42| 3.37{13.44] 3.55

0.77

1298| 628 3.52| 3.13{20.85| 2.83( 7.67| 143} 9.09| 249

DII {1573 {16.72| 9.03(15.70|1545)10.50 {17.04 | 14.74 | 14.17

1437

1.17]10.56 | 10.18 | 8.51| 9.89|11.74 | 11.14] 9.81 | 8.49(12.64

DI2 | 6.55| 5.94| 282] 7.70| 521 | 7.19( 691 |13.06 | 6.64

6.32

1126 036 5.50| 3.38[22.23] 495/|10.60| 644 7.67| 6.54

DI3 | 118 195( 246 1.63| 199 1.9 1.62]17.25 | 1.64

241

11.79] 656 0.51 3.15129.76] 0.720{ 341 2.79| 569! 493

DI4 | 3.10| 3.04) 1.27] 399 237 2.91] 3.50|14.04 | 3.76

3.66

8.94| 3.04 | 2.04| 0.66|20.73| 221 | 6.61| 3.75| 6.281 4.26

D15 (36.56 131.59 {21.34 | 35.38 | 31.34 | 24.19 | 32.60 | 21.95  33.91

2645

9.72125.32{27.09 121.38 | 1.25(28.56122.28 |20.77|21.24 { 19.05

DI6 [ 1.57| 241 205 268 1.18] 0.63| 1.85117.20| 2.25

L.51

10.77] 6211 091 | 229|23.86( 0.5 3.10| 2.89( 545 3.78

D17 300 520 3.82| 434} 427 3.16| 429(11.8%| 221

423

9.58) 533 | 229 32311538 2.28| 0.89] 4.88] 2.90| 4.25

DI8 | 4321 522| 470 4.55| 4.36| 4.27| 555/10.07| 5.39

275

10.35( 681 4.27] 520(18.79| 455( 7.11[ 0.71| 5.60| 393

DI9 | 451 | 434] 339| 474 394| 3.94] 4.97]1097] 382

497

9.67| 478( 3.21( 328(20.60| 3.05| 3.36| 5.88| 2.52| 5.66

D20 | 261 4.09| 400 494 3.15] 3.37| 3.74(12.46 | 3.63

2.53

10411 596 2.72| 3.59|18.25| 3.32| S46( 2.31] 7.93] 1.59
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A 5029] P4 HAPY AU A& £z
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(Fig. 10) Normalized image at 8 =7
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& 40 Aa IR
|
So1 S02 S03 S04 S05 SK16 SK17 SK18 SK19 SK20
(38 13) (38 1n)9 Agels gat
. i [ 4 K (Fig. 13) Skeleton images of (Fig. 11)
S06 S07 S08 S09 S10 . . - ) .
1 ‘ . ‘ : DO1 D02 D03 D04 DO0s
1 L
S11 Si2 S13 S14 S15 | . . \ .
~ i
. ~ ‘ x D06 Do7 D08 D09 D10
S16 S17 S18 S19 520 . R _ , l
(28 n) ool ol Yat i ,
(Fig. 11) Original binary images D11 D12 D13 D14 D15
> <« @@ SRS
D02 Do3 Do4 D05 D16 D17 D18 D19 D20
(T8 18) (O 12)R 4 =82 H788H o] AB|H HA4
Q . ‘ (Fig. 14) Skeleton images of (Fig. 12) after normalization at 8 =§

|
D07 Do8 D09 D10

-
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D12 D13 D14 D15

w Mr| 4

rs
DO1
o &
| D06
=
D11
®
D16 D17 D18 D19 D20 A A

(O@12) 8 U 428 O} Hat
(Fig. 12) Rotated and distorted binary images

(ol 15) patol oA QANE DA

(Fig. 15) Recognition ratio graph at 8
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<E4> NA 9 ASY 947 B2 AojuY b AW A% A2 3k (2=8A N F%H) Ak x 107
<Table 4> Matching distance between rotated, distorted shapes and patterns in the library (normalized at 2=8)
SO01}S02]| S03|S04)S05|S06 | S07| S08 | S09 | S10 [ S11 | S12 | S13| S14| S15 [ S16 | S17 [ 518 | S19{ S20
Dol {006 {025 |03 o016 019031 [ 011 ] 268 016 017 204 0802003728 020 08|06 [ 108] 0%
DO2 | 0.16 | 008 | 046 | 023 | 0.31 | 049 | 020 | 279 | 023 | 03} | 258 | 099 | 035 | 052 | 344 | 033 | 106 | 0.75 | 160 | 052
Do3 | 024 [ 052 | 007 [037 {011 [ o037 o029 {220 [ 037 o042 | 200 [ 040 | 026 | 013 306 [ 028 [ 1.13 | 0@ | 1.6 | 0@
DO4 [ 011 | 020 [ 037 [ 007 [ 024 [ 041 [ 020 [ 318 [ 011 [ 041 [ 306 [ 096 | 025 [ 044 | 458 | 025 | 066 | 0®0 | 125 | 052
Dos | 012 [ 03 [ 016 | 025 [omloia [o013 [ 23902 Jo2a | 1o | o016 o] 28 [ 012 {066 [ 0s0 | 096 | 046
D06 | 029 [ 061 | 035 [047 [ 036 [ 007 [ 033 | 263 [ 036 [029 [ 182 [ 0o [ 013 034|312 (o011 [ o[ 0om | 0w [ 0
D07 [ 015 [ 024 [ 03t | o020 o018 ox [oos{ 20w [ow|20fom[o22]on]3wonlor|on]i120] 0ss
DOS | 334 | 269 | 166 | 2R2 | 280 | 266 | 288 | G54 | 280 | 266 | 241 | 190 | 265 | 208 | 29 | 257 | 260 | 186 | 153 | 180
D03 | 011 [ 020 [ 041 015 [ 024 [ oa {022 | 304 0ol o038] 250 101 (024 [0 [3 [ 027047 ] 077 | 074 | 050
D10 | 037 [ 046 | 047 [ 055 [ 040 | 035 | 039 | 104 | 044 [ 013 [ 207 | 08 [ 041 [ 044 | 293 | 038 | 118 [ 0.3 | 138 | 0.3%
DIl (316 [ 266 | 157 | 271 [ 220 [ 190 | 271 [ 217 [ 251 [ 233 | 000 | 163 | 212 | 149 | 140 | 238 [ 207 | 1712 | 158 | 122
D12 | 105 [ 080 [ 045 [ 110 [074 [ 091 [ 094 | 167 [ 100 [ 100 | 202 [ 0127 078 [ 049 [ 335 | 084 [ 171 [ 091 | 159 | 12
D3 03203 [ 029 620 [ciA | 018 [026 | 260 [020 [029] 214 [ 07 [005 [ 0338 |010] 057 | 046 | oRa | 058
DI4 | 039 | 046 | 014 | 054 | 023 | 036 | 039 | 199 | 046 | 049 | 197 | 038 | 033 | 006 | 280 | 033 | 114 | OR1 | 099 | 053
DI5 | 559 | 454 | 345 | 503 | 443 | 359 | 487 | 2.95 163 [ 409 | 143 | 365 [ 368 [ 310 | 019 | 430 | 282 | 284 | 313 | 266 |
DI6 | 024 | 046 | 026 | 037 | 017 | 008 | 022 | 2 034 | 019 | 19 | 08 [ 013 [ 026 ] 312 | 007 | 050 | 053 | 083 | 044
DI7 | 044 | 075 [ 051 | 064 | 051 | 038 | 054 Ll 551031 1041 ] 19 [ 070 [ 034 041|225 035] 01406 064 | 0a2
D18 | 081 | 070 | 05 | 077 | 069 | 062 | 078 | 155 | 069 | 040 | 177 | 086 | 062 | 064 | 282 | 073 | 123 | 008 | 112 | O5R
DI9 [ 075 | 073 [ 045 | 077 | 054 | 056 ; 069 170 | 058 | 0RO | 175 | 068 | 044 | 048 | 280 | 044 | 049 | 069 | 04l | o8
D20 | 045 | 064 | 049 | 070 | 058 | 043 | 049 | 1.87 | 048 | 031 | 170 | 078 | 036 | 049 | 278 | 052 | 0.90 | 03 | 122 | 020
<& 5>2=84M 2} YA ELY A&
<Table 5> Pixel amount of each images at £=8
SRC SK [ sKkN SK/SRC(%) SKN/SRC(%) SKN/SK(%)
DOL 12233 4 19 57 16 05 288
D02 7161 206 74 29 10 359
DO3 2861 168 66 59 23 393
D04 16821 135 B I 08 03 348
DOS 1065 1% 54 19 0S 2077
DA6 16252 168 52 10 03 310
DO7 11634 22 64 20 06 282
D08 20781 463 120 22 06 259
DO 7323 158 51 22 07 323
D10 11526 28 8 25 07 EX
Dl 7420 R 113 37 15 406
D12 1 725 33 106 46 14 313
D13 R 176 R 11 02 216
D14 J 4600 217 [ 47 16 332
D15 9444 3 180 40 19 477
D16 10044 149 % 15 05 309
D17 5906 206 61 35 10 298
D18 9530 ! 2% %6 31 09 292
D19 2920 | 119 60 4l 21 504
D20 9332 I 287 ) 29 09 1 310
SRC:Y 94
SK :2dz|d Wg Fo 94
SKN: A& el Fo
<E 6> 2%l 9& NAUATE Y4H VA2 Adi] gL Ay
<Table 6>Matching distance between rotated,distorted shapes and original patterns at £
5 3 10 15 20 26 30 }
D1 18 69 48 120 203 287 471 |
D2 51 88 197 339 475 362 990
D3 25 70 90 767 1546 1764 2894
D4 24 79 125 311 804 1053 1704
DS 38 95 126 384 628 2222 3469
D6 28 78 124 177 199 286 402
D7 22 54 59 216 250 426 567
D8 227 543 1300 2256 4559 6945 9615
Do 52 80 123 314 601 2896 2239
D10 53 134 134 322 663 840 1154
DN 91 100 271 208 374 240 87
D12 14 122 193 479 3259 5269 8366
D13 16 51 127 329 496 774 2402
[ D4 17 56 8 758 1381 2122 3071
D15 103 195 395 1070 2000 2347 3017
D16 32 78 [ 1155 1922 5458 8127
D17 38 145 235 1320 2292 3380 5351
ms 29 80 154 295 539 735 1360
D19 102 410 1033 2383 4055 5608 8820
D20 66 206 424 923 1392 1736 2817
124 | 523 136.65 266.9 706.3 1381.9 2235 w461 |
{SQR. D RS 11.68 16.34 26.58 37.19 4729 57.85

SQR. D:@ @AMl AF 23t
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