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An Efficient Elastic Image Matching and Its Application to Handwritten
Character Recognition — Dutch Roll Warping
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Abstract: An efficient elastic image matching technique is investigated with application to off-line hand-
written character recognition. In the present technique, each column of an image is mapped to another
by controlling the mappings of the two endpoints of the column and linearly interpolating between them.
Thus, the technique can adjust nonlinear deformation of images, with local slant and translation. The
dynamic programming (DP) based algorithm searches for the optimal mapping with a reasonable amount
of computation. The effectiveness of the present technique was indicated by recognition experiments on

handwritten English alphabets.
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Fig.1 Dutch roll warping.
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Fig.2 Dutch roll warping with intra-line warping.
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Reference characters.

Test character examples.

Warping types submitted to comparative experiment.

Table 1 Recognition result of rigid template matching.
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Table 2  Recognition result of basic dutch roll warping
of Fig.3(a)
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Fig.7 Examples correctly recognized by dutch roll
warping of Fig.3(a).
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F[1]0]0]0|0[95]/0] 0 |0|0[0]|0]0]0[0[1|0|0|O[1[O[1[0[O0 [ 1[0
JG[0[0[1][0[0[0[94[ 0 [0]0[0|0[1[0[0[2[2[0[0[0[0[0[0[0 |0 [0
JH[0]0[0[0[0[0[0[100[0[0[0[0[0[0[0[0[0[0[0[0[0[0[0[0 [0 [0
JT[0[0[0[0[0[0[0[ 0 [97[0[0|0|0[0[0[0[0|0[0[2[0[0[0[0 [T [0
[Z[0[0[0]0[00[0[ 0 [T]93[0[0[0[0[0[0[0[0[0[5[0[1[0]0 |00
K[0[0[0[0|0|0|0| T [0]0[97|1[0]0|0|0[0]0[0[|0[0|0[0O[ O [T |O
tLOOOOOOOO100@}_00000000000000
M[0|0|0|0]0]|0]|0[11]|0]|0|0|0[87]1]|0]|0]|0][0|0|0[1][0[0[ 0 [0 [O
N[o[0[0[0[0[0[0| O |[0|0[O[O[O0[98[0[0[0[0[0[O[T[O[I[0 [0 [O
O[0[1[1|0|0[1]|0] 0 |0]|0]|0]|0]0]|0[93[0[0[0[0[3[0[0|0[O0 [T ][O
[P[0[0[0[0[0[0[0[ 0 [0[0[0[0[0[0[09[0[0[0[0[0]0[0]0 [T]0
JQ[2][0[1[0[0[0[1[0[0[0[0|0[0[0[0[0[95[1][0|0[0[0[0[0 [0 [0
R[2]0]|0|0]|0]|2|0| 0 |0][0[2[1[0[0]|0[2|0[90[0[0[O[LI[0[0 |0 |O
S[0]0[1|0|2[3]0] 0 |0[L[0|0[0|0[3[0[1[1[88[0[0|0|0[ 0 [0 [0
[T[0]0[0|0]|0|1|0[ 0 |[0]0|0|0[0[0|0|0[0|0[0[98[0[0[0| 0 |1 [0
'[UJ1]0|0|0|0|0[0[ 0 [0]0|0|0|O|0[0[0[0[0[0[099[0[0[ 0 [0 [0
V|[0|0|0|0|0[2]0] 0 [0]0|0|0|0|0|O[L[0[0[0[1|0[92[4[0 [0 [0
0[0[0[0|0|0|0[ 0 [0]0|1[1[0]0|0|0[0[0]0[0[1[2]95] 0|0 [0
X[0[0[0|0|0|0|0] 0 |[0]0]|0]|0]0]|0|0|0|0|0[0]|0[0[0]0[100] O [0
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average 4.9% error
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Fig.8 Example (i) incorrectly recognized by basic dutch
roll warping of Fig.3(a) and (ii) correctly recog-
nized by extended dutch roll warping of Fig.3(c).

FyFa—)7—7"% 247 ) 2 LT & D RP(x)J5ml,
T (y) HOWMFDEAZRINTE L, Dk, &K
Wt 85— & WD ERERE Ny — 5D B
EXTETEY, FEMICELCEERINL, ok
Ik BekEEI348 Y 7, R3S TNV TH T
Dz, BRBHERET) D m LD — T T@AE O R
ELTWDRIENERIND, B, DL EDIER

1 DEMFIIREH ORI 3, BEGHOERLTHY,
1 g 24 72 Y) TSI 330.4 msecTH - 72,

Table 4\ %y Fa— N7 =7 DHER 2 (Fig.3(e))
2k 2R ERT. WERNEFig9IIRT., THAJY
=3 ETHR  a =2k, i, WHNLMEE
BEO., 2D, COXFERERE NG — 0 XFCO” I
AT B 72dITE, HEZBRNLODOZA e —7DE%E
WL TH20END DL, Fig.3(a)d 7 —7HETIE, fHE4H
W H R WEYICIT I T W %Y, T (y) H ks L
TIEFAMLEER I TbNT, R, LROMR bo—7
DB WS E0b b, —F, Fig.3(e)D7 —
7 & 7GR () Jia, T (y) HD &SIk
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Table 4 Recognition result of extended dutch roll
warping of Fig.3(e).
recognition result

CID[E[F[GH]I[J [K]LM[N[O[P[Q[R[S[T[U[VIW] X[ Y [Z
ATT00[0 0[0[0[0]0[0]0][0[0[0[0[0[0[0][0]0[0]0[0[0][0[ 0|0 [0
Bl 1 [3[0]0[0[0][0[1]0][0][0]0][0[0[2[1]0[0|1][0[0]0[0[0 [T [0
0 T009[0[0]0[0]0[0[0[0[0[0[0[0]0][0]0[0[0[0[0]0[0 [T |0
Doo294poooooooooo1000111oooo
Ef0[0[0]0p0[4|1]0[3[0[0[0[0[0]0]0[0]0[0[1][0[0[0[0 [0 [T
F[ 1 [0]0[0]0ei0|0[0[0[0[0[0[0]0]2]0[0]0[4[0[1[0]0 [ 1[0
[Glo[o[T|o[ojopio[0j0[0[0[1[0[0[1[5[0[0[0[0[0[0[0 [T [0
Yo [o[0[0[0[0][0p9[0]0[0[0[0[0[0[0[0[0[0[0[0[0[1[0 [0 [0
T 0[0[0[0[0[0[0[08[1[0][0[0][0[0[0[0[0[0[0[0[0[0[0 [1[0
I 0 fololofofolo[o[1[oa0 0 ofo[0[0[0]0 0 4[0[0[0[0 [1]0
‘K[ 0 [o]0[0[o[0]0 0[0[0 s 1[0]0 000 0 00 0 0[0[ 1[0 0
T o [ofo[0[0[0[0[0[0[0[0Ps[0[0[0][0][0][0]0][0]0[0]0[0 |0 [T
M| 0 [0]0[0[0[0][0[8]0[0][0]0[p0[1]0][0[0[0[0[0[L|0[0][0 [0 [0
N[0 [ojofo[0[0]0]0[0]0[0][0]0[p6[0[0|0[0[0]0[2[0[2[ 0 [0 [0
0 T2[1[0[0[T1]0]0[0[1[0[0][0[0[92[0]0]0[0|2[0[0[0[0 [T [0
[P[0[o[o[0[o[0[0[0]0[0[0[0[0[0[0[e8[0]0 0 0[0[0[0[ 0|10
Q2 [0[2[0[0]0]0]0[0[0[0]0[0[0[0[0P6[0[0[0[0[0[0][ 0 [0 [0
R[ 2 [0[0[0[0][3[0][0[0[0[3[0]0[0]0[L]0PI0][0[0]0]0] 0|0 [0
o Tif0[1[0[4]0]0[0[0[0[0[0[0[2[0[1]0[°1[0[0][0]0[0 [0 [0
T 0 [0[0[0]0[0[0[0[0[0[0][0]0]0[0[0]0[0[0[97[0]0]0] 0|3 [0
O[T {o[0[1|0[0[0[0[0]0[0]0]0]0[0]0[0[0[0[0P80[0[ 0 [0 [0
V[0 [0]0[0]0]2[0]0[0][0]0][0]0][0[0][L1]0][0[0[1[0P2[4]0 [0 [0
W[ 0 [0[1[0]0[0]0[0[0|0[1[0]0[0]|0[0][0[0[0[0][0][2[96] 0|0 [0
X[ 0 To[0[0[0[0[0][0]0][0[0[0]0[0]0][0[0][0[0]0]0][0[0[100[ 0 [0
Y[ 0 [0[0[0][0][0]0]0]0]0]0][0][0]0[0[0|0[0[0]0[0[0][0[ 0 [100[0
Z 0 [1]0[0[2[1]0]0][3[0][0]0]0][0]0]0]0[0[0[2[0[1][0][ 0 [T [89

average 4.9% error
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Fig.9 Example (i) incorrectly recognized by basic dutch
roll warping of Fig.3(a) and (ii) correctly recog-
nized by extended dutch roll warping of Fig.3(e).
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5. 8 b Y [
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