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Abstract: An efficient digital ink data coding algorithm IWPHSP (integer wavelet packet based hierarchical set

partitioned) is proposed in this paper. The algorithm compresses digital ink multi-dimension data losslessly using

three approaches: integer wavelet packet transform, hierarchical set partitioned, significant bits combination code

and fast adaptive arithmetic code. The experiments show that the IWPHSP algorithm is efficient.

Key words: digital ink multi-dimension data coding; integer wavelet packet transform; hierarchical set partitioned;
fast adaptive arithmetic code
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partitioned).

, . , IWPHSP
: TP391 A
, ; , X
Y . , 16
100Hz~133Hz, 1 , 1.6KB.

» Supported by the National Natural Science Foundation of China under Grant N0s.60273024, 60033020 ( ); the
National Grand Fundamental Research 973 Program of China under Grant No.2002CB312103 ( (973)); the
Key Innovation Project from Institute of Software, the Chinese Academy of Sciences ( )

Received 2005-07-06; Accepted 2005-10-11

© R

http:/ www. jos. org. cn




InkML
(2
hierarchical set partitioned).
1
|
§={L (¥t )l e[Lk] K
1

(a) Capture view of digital ink
(a

1861

,W3C(world wide web consortium) InkML™
, InkML
, . InkML
B
) , 40%.
3 : (GIF) .

X Y
, IWPHSP(integer wavelet packet based

1

J={Slie[1,n],n }. S |_ij ,
} . 100Hz~133Hz,

stroke1

¥=235,239 240,242 243,240 245 246,248,249,
y=185,188,192,196,283,212,220,226,231,234,
p=138,312,310,362,378,386,392,386,336,218,

E=27934265,27 034275 ,27034285 , 27034295 ,279343685,27934315,27934325, ...
stroke2

¥=218 252 256,261,267 ,273,278,281,283 283,280,276 ,270,260 258, . ..
y=2008,197,196,105 194,104,194 ,105 197,190,202 ,2687,213,219,224, ...
p=130,138,182,206,246,272 286,276,306 ,336,336,314,298 314,344, ..
E=2703448L4 2703040, , 27034504, 27034514 ,2703452, 2703453, 2703454, ...
stroke3

%x=262,262,261,261,261,262,263,264,265,266,267,269,270,
yY=172,166,165,168 174,184,199 ,218, 241,265 ,285,362, 315,
p=194,286,286,332,376, 424,446 462,466,458, 430,430, 44,
t=27934859,27934869,27934879 ,27934899 27934909 ,27934919,27934929 . ...

(b) Correspondence multi-dimension data

(b)

Fig.1 The capture view and multi-dimension data of the digital ink

1

S_{Lil(xi'yj'pj'ti)”E[lk]’k_iznl“lﬁ}'

IWPHSP

, S S,
: K={kilie[1,n]}.

K, X,)Y,P,T )
, X

XY,P,T X
X% i€ [LK]}

© BB

http:/ www. jos. org. cn



1862

Journal of Software

Vol.17, No.9, September 2006

>
"""""" >
Ink multi- Hierarchical Output
cmenson gl = LT N St
data partitioned bits stream
............ >
............ »
Fig.2 IWPHSPdigital ink multi-dimension data code diagram
2 IWPHSP
11 (integer wavelet packet transform)
20 80 Mallat™
. , (1) : (2)
,Sweldent :
(split) (predict) (update)3
X , ., E%n)=X(2n);0°(n)=X(2n+1).
P , Ep, O
O'(n) = 0°(n)—int(E2(n)) .
U o', Q, E° =
E'(n) = E°(n)-int(O} (n)) .
Jint(-)
3 ) ;
7 ’
’ 1 [8]
: , ; ol :
,LSS ,LDS ,
F(Z)= z|xj| £ "x
xjeZ
1) LSS X ,LDS
(2 LSS Z, Lss
. z C=F(2)=Y|x|
XjeZ
° , Z ZeZy
. C'=F(Ze)+F(Zo)
. C<C, Z,Z, LSS , LSS z

© PEBREB AT

(6]

Ol

http:/ www. jos. org. cn



1863

. , Z LSS LDS
12 (hierarchical set partitioned coding)
JWPHSP
Asad  Pearlman SPECK™
z , LIs Z )
. , z ,SPECK
“Q” . IWPHSP , SPECK
) , 2 ,LDS
, . j HSP, SPECK
HSP ©“0,1,24,...,2™ “1,2,4,....2™ n
, LSS
LSS j ) .
X , LDS |LDS={zli=1,2,...,I}. LBP
: z Si(2) P(2) C()
0, dse
Llogz[mameJu 0<max|x |
P(Z): X eZ X eZ ’
0, 0=max|x |
C(2)=size(2)= z
()
o LDS n=P(Z), Z LBP
. n=max(n)
. : LSS, 0<j<n
. 0<n
. ProcessLBP()
. LBP
@)
. LSS 4
. C(2)=1,ProcessOne(Z)
. ,Process(Z)
. 1<n
. ProcessLBP()
. LBP
©)

© PEBREBALTU bt/ www. jos. org. cn



1864 Journal of Software Vol.17, No.9, September 2006

° n:O‘
. , n-1, 2
HSP ProcessY(),ProcessOne(),ProcessLBP():
ProcessS(2)
{
b ) z 21,2,
. S(Z1)S(Z2)
. Zn(m=1,2)
. Si(Zm)=1
. C(Z)=1,ProcessOne(Z,,)
. ,Processy(Z,))
[ ]
. 1<n, Zp, LBP
}
ProcessOne(Z)
{
° Z : Z Xi
. Il n , X
. 1<n, Z LBP
}
ProcessLBP()
{
. LBP Z, z P(2)
. LBP
. LBP zZ z LSS
}
HSP
(1)
z Zn S(Zw). z , z
. , Zo . , “00”
, 1 “r, “qn
2
LBP Z, Z P(2), LBP
P(2), ) 0<P(2)<n,
, n<20. : [
2
5-3+2 , 1 IWPSHP
, 2

IWPSHP ) ,

© PEBREBALTU bt/ www. jos. org. cn



JWPSHP

IWPSHP

,/WPSHP

Tablel The compression byte rate and code/decode time on different digital ink data

1
Number of sample points 770 2603 2739 3839 7076 9801
Coding data (Byte) 2107 6739 6 296 6 595 16 672 23525
Byte per sample point 2.736 2.589 2.30 1.72 2.35 2.40
Time of coding (s) 0.047 0.219 0.219 0.250 0.578 0.843
Time of decoding (s) 0.047 0.204 0.188 0.219 0.484 0.750
Table2 The compress proportion of sample points attributes
2
Number of sample points  0.022801 0.014493 0.022809 0.023745 0.02292  0.019 329
Coordinate property 0.421612 0.406602 0.414646 0.403216 0.423905 0.409 741
Pressure property 0.378842 0406968 0.35006 0.372858 0.373353 0.38343
Time property 0.176 746  0.171937 0.212485 0.20018 0.179 822 0.187 5
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