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Image Compression Based on S-Tree Techniques
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ABSTRACT

Using spatial data structures for representing binary images has a long history. The s-tree is
one efficient data structure for such representation. In recent years, this structure has been applied to
image compression, including retention of the resolution in medical images and breadth-first s-tree
search compression (BFS-TSC) in natural images.

In this report, an image compression scheme using modified s-tree image representation is
presented. The first partition of an original image accords the gradient of the edge. Sobel masks
are used to compute the edge direction of a sub-image, which is partitioned into a set of homogeneous
blocks according to the binary tree decomposition rule. In each decomposition step, the sub-image
is divided into two equal parts, alternating in y- and x-axes. Then, the mean value of each
homogeneous block is computed. According to the path of the depth-first search (DFS), the s-tree

for the sub-image is constructed. The s-tree representation of the original image consists of three
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tables: (1) direction-of-edge, (2) linear-tree and (3) color.

The experimental results show that the schemes used in this study produced better

reconstructed image quality than the BFS-TSC, being about 1.6 dB in the same compression ratio.

Key Words: image compression, s-tree, depth-first search
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R e A

NS BEH N o

P

%4 PEHERE FR =10

B ] £ 1616 sk PUBY [UEHERZ2 PSNR [

FPHE
B BFS-STC1 BFS-STC2 . S PR
CR | PSNR| CR | PSNR| CR PSNR CR PSNR | CR PSNR
WISEY 4,088 | 40.883 | 5564 | 34.610 | 3.941 | 40.883 | 4.338 | 40.657 | 5.626 | 40.112
UATERY, 11111 | 39.620 | 10.795 | 38.056 | 10.342 | 39.628 | 9.224 | 39.333 | 11.307 | 39.567
&Ry | 4141 | 36.858 | 5.064 | 34563 | 4.063 | 36.846 | 3.663 | 36.820 | 5791 | 37.205
X A i 3.584 | 35.981 | 4.906 | 34.298 | 3.560 | 35.981 | 3.678 | 36.052 | 5.399 | 36.788
T 5.731 | 38.336 | 6.582 | 35.382 | 5.477 |38.335 | 5226 |38.216 | 7.031 | 38.418
5. FIIREY e B F" i e =10 » Y G| £ 16x16 [k U [GUESHEES2 PSNR @i
A
T Bre-sTe2 o i A
CR PSNR CR PSNR CR PSNR | CR PSNR CR PSNR
Lena 2.814 | 36.508 | 3.626 | 33.908 | 2.773 | 36.511 | 3.084 | 36.376 | 3.646 | 36.511
F16 3.381 | 37.845 | 4.137 | 34.358 | 3.308 | 37.991 | 3.198 | 37.917 | 4.236 | 37.595
Baboo 1.240 | 37.352 | 1.305 | 33.099 | 1.210 | 37.352 | 1.176 | 37.922 | 1.337 | 37.382
Pepper 2.628 | 35971 | 3.245 | 33510 | 2.594 | 35975 | 2.653 | 35.971 | 3.517 | 36.375
T 2516 | 36.919 | 3.078 | 33.719 | 2.471 | 36.957 | 2.528 | 37.047 | 3.184 | 36.966

%6 BFHAETE HEM =100 %

By ] £ 32x32 sk fURY (YRS PSNR

FP

" BFS-STC1 BFS-STC2 o P, B

CR PSNR | CR PSNR | CR | PSNR| CR | PSNR | CR | PSNR
=R 4.088 | 40.883 | 5.564 | 34.610 | 4.011 | 40.883 | 4.424 | 40.657 | 5.627 | 40.125
TUITRERRY, 11.111 | 39.620 | 10.795 | 38.056 | 10.921 | 39.620 | 9.696 | 39.305 | 11.531 | 39.547
LR i 4141 | 36.858 | 5.064 | 34.563 | 4.091 | 36.858 | 3.696 | 36.835 | 5.830 | 37.196
XA Y 3.584 | 35.981 | 4.906 | 34.298 | 3.555 | 35.981 | 3.673 | 36.052 | 5.344 | 36.791
Ty 5.731 | 38.336 | 6.582 | 35.382 | 5.645 | 38.336 | 5.372 | 38.212 | 7.083 | 38.415

A7, FURYRTEEE HRM o210

By ] 15 32x32 sk pUBY ERERZE PSNR f

R
R BFS-STC1 BFS-STC2 P - P—

CR PSNR CR PSNR CR PSNR CR PSNR CR PSNR

Lena 2.814 36.508 3.626 33.908 2771 | 36.508 | 3.082 | 36.377 | 3.625 | 36.504

F16 3.381 37.845 4,137 34.358 | 3.326 | 37.832 | 3.211 | 37.783 | 4.210 | 37.912

Baboo 1.240 37.352 1.305 33.099 | 1.209 | 37.352 | 1.176 | 37.922 | 1.333 | 37.392

Pepper 2.628 35.971 3.245 33,510 | 2592 | 35971 | 2.650 | 35.970 | 3.474 | 36.385

AN 2.516 36.919 3.078 33.719 2475 | 36.916 | 2,530 | 37.013 | 3.161 | 37.048
- SR BFS-STCL FIUEU/@qé W BT RUAMGR » BFS-STCL » BFS-STC2 Se2{#riig=" i
BFS-STC2 Bk 1 %ﬂﬁ 8 2 R IAE F“[ ahEl EE e F"/J i & =10 [FfERESHHIVRY G o 8405, 5]

I o [ 8 WIE 9 B
R H D & =10 THE O IR - [ 10 S 13

WA T 32x32 N[ UTRRY (g

T3 OB s [ £ 32x32 - ST IR 10 SR IR =
T EOEEE  [10(a) ERRUGRG G 0 [ 10(b) ALY
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N 4
RERREN
(b) iRy
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nti
il
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(d) X ARy i

B 8. PSR e =10 FHT OB B

(a) Lena £ {3 (b) F16 fyf:

(c) Baboo £ (i

(d) Pepper Y

B 9. FUARBRE e =10 ST OB B

BFS-STCL ##lisi i i » £ CR=4.141 » PSNR=36.858
fij [ 10(c) '] BFS-STC2 My fip  CR=5.064
PSNR=34.563 - [l 10(d) LI ¥ flLL1po | #al g =0 )
Y it CR=5.830 - PSNR=37.196 ; [fif[! 11 £§ X
Byl = 7E RO [ 11(a) FRRUAR G B 11(0) AL

(c) BFS-STC2 i j B i (@) 7+ E

10, ST

(c) BFS-STC2 Fi i i

(@ R

11 X Ay

I| BFS-STC1 i Wik i f f -~ * CR=3584 >
PSNR=35.981 » [iyljl 11(c) I'| BFS-STC2 Aisid ) fij:
CR=4.906 » PSNR=34.298 » [l 11(d) £iLI'J % ¥ §fLLT i %
SBAR A  REE BY fE] CR=5.344 » PSNR=36.791 ; [l

E’I?‘]ﬁ?@@ﬁ@%{ﬁ?ﬁ%’ﬂ[lqﬁ[ 12 Hq%ﬁ' 13 . > 1 CR » PSNR
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(c) BFS-STC2 £ g i

Bl 12. Lena i

...’..I

()

(c) BFS-STC2 i 1 i

fﬁl 13. Baboo 5% (4

\\4‘»

FrEER T [l E R RS S T
PP 1SR (G 0 P Bl =0 B i -
CERYRAAET 7 > PSNR &8y &7 REEHECH B
OB A ST UG » PR S PSNR 1Y
I T3 R RS T e

i L= Y i T RO 2V 690 3 B e = 132 oy
o PR RFWEIR S B B RVTFENE - FH R
PO BT TS PR i TR R I -
AR i T PSNR iyt 3508 * PR | P -
Y (PR Y 2] S S PR R BB B B (e
&= 104 » HHEEAS PO PSNR i f7 1 BFS-STCL
» BFS-STC2 ffifj&=

FSFI R RG] 5 32x32 [k U R T
#HE% BFS-STCL ™ BFS-STC2 fUiifispifiilis i 1
PRI BREF) « A 8 0 O BT R rgﬂw;:@fvgé,'uﬁfjm

WG > FIIRY ( SRR R ) 0 PR
PP SRR ORI P /4 )2 [T 1 I 224 i

BFS-STC1 %= BFS-STC2 [V [#] - {14+ BFS-STC2 ff ¥ [ g
SYRUTE o R TR T P R
H] ST 2 o i Ul > BRS-STCL A9 5 [

i’ﬂEﬁtﬁ'&?ﬂgﬂ 4 e PR =S PP S
IHE‘H‘F’J. PURTE = i Bh dpkfo =T 257 il > PR IP=7 (R 2 ]

o PPV RS RS o [T PPV T R
FRE LY RIS Tl 8-10 Tl AR g
Frose = R iy A ﬂl@whﬁ} o BEIRYE
B T

IFEJ}-H’ BFS-STC1 ~ BFS-STC2 ™ fi*'] 32x32 gy fagr |
[ Rt = = Z87 B PRSI R RIS A1 2 T p
o YA 10 T o [T JEIERE] > T = A R AV SIS
FagiT 3 W PR ﬂfi'J‘F'fJ?i%é7"fo§E_’l fH [l ly o
Bt - 2 PSNR U b9t Py iy~ £ - Rl
e “FpT) Tﬂ%«él%?ﬂ%@ﬁﬁﬁ%[%@% (E7E P Il
TR R SRR i s e O g 1 AR
P A A CRL) R B R e ey R FL'foSE‘I

Eo

TP RTRI A A STree Hitl- T (e
PESH R i’fm“?ﬁq" HIERY oA TS
= I > 2 TR SR ek T S0 £ R
P B 4 () zgl%éifrﬁﬁ“lﬁﬂjﬁlﬁ%”ﬁ MR

BT PR RS2 BRS-STC2 ik ¢ Ao

%5 % PSNR pusIp IR R > WE“J@‘”@UHU‘FQ%
R[S+ SRR - STy ORY
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RY (VRS

BUE R & =10 > TR £ 32x32 [k R AR TR g - .

ey i BFS-STClA } BFS-STCZA ’ *Uﬁﬁé{};*“ }
AL ’{%‘Ulﬁﬁ SRR | AR —“’J%’Hlﬁb EEEL | AR ’{%‘Ulﬁﬁ el
RISERY 60.8 15320.0 110.7 33452.0 78.0 37268.0
TUITERRY 45.1 5584.0 78.2 16804.0 47.0 18186.0
G Y 71.9 15077.0 132.9 33825.0 78.2 35967.0
XK 5 79.6 17356.0 138.9 33307.0 84.4 39243.0
15 64.4 13334.3 115.2 29347.0 71.9 32666.0

ENN

£ W € =10 TG T £ 3232 [k R BRER TR SR

R : BFS-STClA ’ : BFS-STCZA } *IJ%“@@* ’

AREERT | ARG O 12 O 74 O O 2
Lena 78.1 22266.0 151.4 464500 171 578510
F16 71.8 18541.0 131.3 41335.0 104.7 49808.0
Bahoo 104.6 50994.0 3128 138530.0 284.6 157310.0
Pepper 79.6 23800.0 165.8 51556.0 121.9 60352.0
X 15 83.5 28900.3 190.3 69467.8 157.1 81330.3

%10, Byfies BAEEYE0APET BFS-STCL » BFS-STC2 A" & gl -t

Wi BFS-STC1 BFS-STC2 H| Gk
)
’ ¢ CR PSNR € CR PSNR P CR PSNR
RIS 6 2997 | 45992 4 | 3051 | 39.082 3 3.078 | 48.291
TIERY 8 7.902 41.484 9 8.744 38.948 8 8.456 40.407
G Y 7 2131 39.032 6 2.120 37.502 4 2.085 41.294
X A B i 7 2164 | 38159 6 2124 | 37.308 4 2078 | 41.795
Lena 7 1922 | 39.164 6 1910 | 37.560 5 2.037 | 40.270
F16 5 2071 | 42.904 4 1970 | 41.437 3 2039 | 44.443
Baboo 15 1480 | 33.230 13 1.503 | 30.826 14 1.501 | 35.146
Pepper 8 2013 | 37.726 7 1.983 | 36.106 5 1.896 | 40.385
e 7.8 2952 | 39.995 6.8 3.060 | 37.523 5.8 3039 | 41.664
k% PSNR i » [SESHE PR e 7 [ 5 R s 2HYI B
R R FE T MR - . e e o I
T SR e wﬂﬁzaﬁ% (4 89) v B fipi
TPREFIP TR Fy - [T S-Tree b Bhlpdtpo” ”éﬂ R T e R R S T R SR
R L | E”E& PR TEEHRE S G iﬁmﬁ‘% SR (N 93)’ TR Eﬁﬁﬁﬁﬁ@'&?%ﬂJ S HT A
(blocking effect) o HEJR BFS-STC2 Hi] | EVE AR = B *H@qﬁﬁ' I LA 7 [Jh
[ [SB IR EpuRYAT  (H R R RS FlIP el EEHE (S 91) > AR S - ;‘Jr; Ko R AT
PR TR 9 o [0 2 3 Pl TR Gk ARSIl e
[OSAESPIRE » 7 S-Tree PVESHiLFS > 5] RS Chan, C. S. and C. C. Chang (2005) A lossless medical

[ (S ISR 3 BRI H ;’Zf - EERY Ry
BRI T R i Fﬁ!’ﬁ‘/ﬁl Ellfﬁl,.ﬁf EERLA e p
Fepu- Wl

image compression scheme using modified S-tree
structure. The 19th International Conference on Advanced
Information Networking and Applications. Taipei, Taiwan.
Chung, K. L. and C. H. Hsu (2006) Novel prediction- and

subblock-based algorithm for fractal image compression.
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