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Time Complexity Analysis of SPIHT (Set Partitioning in
Hierarchy Trees) Image Coding Algorithm
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ABSTRACT

A number of embedded wavelet image coding methods have been proposed since the introduction of
EZW(Embedded Zerotree Wavelet) algorithm. A common characteristic of these methods is that they use
fundamental ideas found in the EZW algorithm. Especially, one of these methods is the SPIHT(Set Partitioning in
Hierarchy Trees) algorithm, which became very popular since it was able to achieve equal or better performance
than EZW without having to use an arithmetic encoder. The SPIHT algorithm is computationally very simple, but
even so it provides excellent numerical and visual results. But the evaluation of its time complexity is no more
than the relative result of experimental comparisons and the strict time complexity analysis wasn't taken until
now. In this paper, we analyze strictly the processing time complexity of SPIHT algorithm and prove that the

time complexity for one bit-plane processing is O nlog 2%) in worst case.
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Fig. 1. The hierarchical SOT structure
of significance map(3)
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Fig. 2. An example of 3-level
wavelet transform[4]
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significance bits: 28
sign bits: 4

Fig. 4. The SOT coding tree structure for Fig. 3

[Bz AE] olu]x] Z7] NXN=n% AZEF SOT
Ea?&ﬂﬂmi$Q$l%-%Uwyﬂﬂ olt}.

SPIHT <ugZola e uE Pdd gja
SOT 24 E&E @487 fsxE SOT AZ7ze
74 wEod R AaymAx SGij) e A&
NEREEES S(DG) (S(LUL)) & e
AARNokstn Hote) AS AL THE Ade BE

==& gMdoel ok webM SPIHT ¢xdE9
Hoto) AS ANPEAEE Hoto #A$ SOT =9
Ege 9437 9 =& B89 F 5 N

o9&, 1y 5= HAY H$ SOT AFTx FHE
woln shite] FEs} #d loA #Y 116 oz
3709 A A B 3= E & (complete subquadtree) abcE
o]2eiQk. Eln 1Y 6& Hetel AS Aaunds



fa W R -2

[>
o,
18
i3

it E 4% 15 20031 / 39

Mol 3 dgE B drA &H AMEHIsS=EG
soTd @l 2E SnFe =m)E XIUS
oulsty Heote] A% SOT ZHYEHY F k=l %
Alavgds fge] 5 a9 24 SOT AP EH
Zd oA 39 e nE »2E gHAsE HSH
< ia"“(complete search)et  Aostd el oA
gHFAe] F L £ NE gAY fledrt
Level 0 ‘\'/’g“
. : Lovel 1 ;’ Level 1 )C j
/ \ /
st \ //" Duat-Trew ‘\\ S e
/ \ / /
/ R N o
Fig. 5. SOT coding tree structure with 3
subquadtrees
olo|lo|o]| 1|0 1] 0
olo|lo|o|lo| o]l o] o
o|lojoj o 1|0l 1|0
ol o|lo| o|lo| o] oo
1|olo| 1] 1] 0| 1|0
o|lo|lo|o|lo| o] oo
o|1|1,0)lo0| 1| 0] 1
oo 0| 0|l olo]lo| o
Fig. 8. An Example of worst
case significance-map
Al 0ol A, Noyo dld 1o HE [—1o] o]

371el $H MBIH=E
2 3% glo] Hul g
gukal e Ao w A28t zol

FrT Fo FEXE Y
1<i</—1°14, N2

Tegh

2

47 +4"0=4""
L4 =gty

Ne=3U4+4'+
Ni=3(4"+4"+ - - -

N, =3(4 +4%+ - +47%
=41 (3(4 +4 )]
_4 —1__
;=34 4+ - +4"7%
=4"1(34° +4 T R ) B 7))
_4 -1 41/

N[,Z :3(4 1*3+4l—2)
=4 3(3(4 +4M)

:4 -
NI*I :3(4 172)
=41 2(3(4"))
_41 1_
wEkA, SOT vD‘E\’JJ DE ddoA &
NAARsH F EN = £ N 7oA &

F ¥ F wmE Fge

ol a4 Hotel B

Al
FE’]—)JJ

FTHoZ AR o o
AEZEE (FE2]2 dgdd

o

2

e

Al O
=1

N, N
(1)4’ e (4% 4+ - - - 44773 (3)
1 -1
=(M" 1——3—(4 -1
g A Npg-y 1
(A2 21 A7] NXN=x9 s} HE HWE A
Hote]l AL AEAE

g 3&t7l g SPIHT &gl 59
= O(n log ym)elth
[
3% SOT :rdzal A =
1ol % = 7 # o}

3 80 o799 $AL 45 p=Nooln A%
] h=s A

FH
* 744

azm =8 (z,;)ETa S(DCG, DICS(LG, ) BAL
EHAAES A Fa doiA [—1d89 P99 &
del  wEsh AadddBsE S0, )= 1ES

S(L(i,))=D%E AFPoz t] o9 AL
AL [—-1dEdE AIUgAE

by~ el
e

wEh MEAl ER @ wmw ERD
D}%A wE g}

N,— (34 ’"2)<Nw<N,

BzAHYAZRE SOT EgFz9

r°\'

N gz
U R S CERE)
(71— Lygi-1y L

=—%nlog2n+% n+—é—

3473 =(= 2 log o7z +1)

:% nlog on —%

N q:.]c.o

o] o
11—

il
1%
&
it
-z
)

Lot <n,<

g nlog s — 5 nt 3

Ho g
Z_%’(loggn)+1°l‘4 aga AEF HRony

—%— nlog2n+% n+

gagl

E} Al LU el
A

&

Ir

+

1
3



Iz
l
k1
)
2

40 / SPINT %4329 dnuFY Azt

olt}. Wejal A oke]

B AERE, N =

=

N ,= O(nlog ,n) (5)
o},
V. 28
B AT UZAY 945nds 9% SPIHT(Set
Partitioning in Hierarchy Trees) il

SOT ZHE® dolH FRE AR Ed
2 Az AI7ZFE-F % (time complexity)E 314
3 ANEZETL O(nlog,m)de 53

$-(worst case)
Ak §tsted ¥ 63 3 Hetol A& SPIHT ¢
2PEFE &8 S dHs FAdgvE AY =g #l
@ = b SPIHT ¢1d]&F9 Fao4de HFo] 2 AR
235 3N die 71E A7 vzl 2@ A2 EZ
WAHASG duegls sdted Fod o287 WAL A5
Aoz 7gHEnt

AR 2002, 11. 07 FAAE 2003, 2. 11

i)
rar

=)

[1] D. S. Taubman and M. W. Marcellin, JPEG2000:
Image Compression Fundamentals, Standards and
Practice, Kluwer Academic Publishers, 2002

[21 J. Y. Tham, S. Ranganath, and A. A. Kassim,
"Highly scalable wavelet-based video codec for
very low bit-rate environment,” IEEE Journal on
Selected Area in Communications, vol. 16, pp.
12-27, Jan. 1998.

[31J. M.
zerotrees of

"Embedded image coding using

wavelet coefficients”, IEEE
Transactions on Signal Processing, Vol. 41, No.
12 , pp. 3445 3462 Dec. 1993.

shapiro,

[4] Amir Said, William A. Pearlman, A New Fast
and Efficient Image Codec Based on Set
Partitioning in Hierarchical Trees, IEEE

Transactions on Circuits and Systems for Video
Technology, Vol 6, pp. 243-250, 1996.

[5] David Taubman, “"High Performance Scalable Image
Compression with EBCOT”, IEEE Transaction on
Image Processing, Vol. 9, No. 7, July 2000.

[61 Z. Xiong, K. Ramchandran, and M.
Orchard,”Space-frequency Quantization for Wavelet

Image Coding”, IEEE Trans. on Image Processing,
Vol. 6, pp. 677-693, May 1997.

{7] M. Tsai, and F. Chen,"Stack-run
Image Trans. on

J. Villasenor,

Coding,"IEEE Circuits

Syst. Video Technol.,, Vol. 6, pp. 519-521. Oct.
1996.

8Y. W. Chen and W. A Pearlman,
"Three-Dimensional Subband Coding of Video
Using the Zero-Tree  Method,” In symp. on

Visual commun. and Image Processing, SPIE, Vol
2727, Mar. 1996.
[91 M. R. Garey and D. S. Johnson. Computer and
A Guide to the
W. H. Freeman and Company,

Intractability: Theory  of
NP-Completeness,

1979.

vl A (Young-Seak Park)
IECS=!

19851 gHefehshal 32 )

199061 ~ 1991 ¥ 44 SAFFATaEAAGA
THE) 2zt
1990 ~ 19914
2000 ~ 2001

AdE 7170l EFAME AYATY
"5 North Carolina 7 ® ® SHNCSU)
W

1985 ~ # A Agdetn HR %A

#A Bof: Software Engineering, Web-based Software

sty w4

Design & Development, Pattern Recognition, Image

Processing, Computer Network & Network Computing




