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Study on a New Algorithm for Gray Image Representation
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Abstract  Image representation is an important problem in computer graphics, computer vision,
image processing, and pattern recognition. By extending the well-known Gouraud shading method,
this paper proposes a new algorithm for the gray image representation by using the Rectangular
Non-symmetry and Anti-packing Model (RNAM) and extended shading approach. The encoding
and the decoding can be executed in O(n logn) and O(n) time, respectively, where n denotes the
number of pixels in the gray image. By comparing the proposed algorithm with the popular STC
and SDCT algorithms for the gray image representation, it is shown that the former has the high-
er compression ratio and the less number of blocks than the latters whereas maintaining the image
quality, and therefore it can reduce the data storage much more effectively than the latters and it
is a better method to represent the gray image. The proposed algorithm for the gray image repre-
sentation shows a very strong promise and has good potential in theoretical research and business
applications, such as reducing storage room, increasing transmission speed, improving pattern

match efficiency, and so on.
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metry and anti-packing model (RNAM) ; spatial data structures; S-Tree
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(a) Lena

: ,

TN T3NS R TSI A B AT B L AR S5 v i
()R 22 25 VT i B 5 SCHRL23 T4 [R] S B AS 5 B A 52 35
ZE LI AR €=10.,20.,30 Fl 40 W} FF K45 1.

PASCHR[ 23 T 1 52 55 45 3 0T 0 - 76 £ 3 R T o
MY HT 4 F s 845 19 KR/ 512 X 512 1 “Lena”,
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o MR EAE R €=10,20,30 i1 40 B, SDCT %
IRFEAE A LB R R 0T I STC RoRF 74
PET 63.08%.

(c) Barbara (d) Baboon

5 4 e P 4

H I8 A PSR B IR 22 25 1VF R €=10.,20,30 Al 40,
AFEEAE T RNAMC f1 STC %77 8 g 1 52 36
S LA, X P RE M RN BCE W L DR 3 A
SRIATEE L RIS B R DL ). PSNR.

#2451 T RNAMC FRF LR STC R
BAE R PERE A L3, 3R 3 44t T RNAMC £IR

FVEAXT T STC om0 IA e 40 He 1 i 32 R .
F 4 FF 5 B4 H T RNAMC Fil STC R 8
TERZEH % B fl PSNR F () bk, Hid, 35 2~5
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*2 EHEMEREALER
, TSR
Fk e - 4
Lena F16 Barbara Baboon Single_Avg Average
10 3.1119 2.9762 2. 8371 1. 1051 2.5076
. 20 6. 5423 4.8977 4.7081 1. 4761 4. 4060 _
STC 30 10. 2670 7.1415 7.3212 1. 8730 6. 6507 5 8655
40 16. 4924 9. 9986 10. 7123 2. 3868 9. 8975
10 4.6034 4.9788 3.8732 1.5174 3.7432
N 20 11. 2806 9. 9636 7.2775 2.9623 7.8710
RNAMC 30 19. 8287 14. 0430 13. 8207 3. 6490 12. 8354 11729
40 32. 2350 21.8782 21.6965 5.1581 20. 2419
x3 EHRLERSENILEER
/% JE 45 L %
(i
Lena F16 Barbara Baboon Single_Avg Average
10 47.93 67.29 36.52 37.31 47. 26
20 72.43 103. 43 54.57 100. 68 82.78 82. 91
30 93.13 96. 64 88.78 94. 82 93. 34 ’
40 95. 54 118. 81 102. 54 116. 11 108. 25
x4 FEEBRMIER
; EES S ¢E]
(ER7 e -
Lena F16 Barbara Baboon Single_Avg Average
10 19821 20725 21741 55814 29525
< 20 9428 12594 13101 41787 19228
STC 30 5676 8637 8425 32931 13917 18262
40 3740 6169 5758 25843 10378
10 17370 15559 18530 50502 25490
N 20 7686 8016 11621 34274 15399
RNAMC 30 4693 5356 8077 24732 10715 14876
40 3269 3880 5670 18782 7900
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Lena F16 Barbara Baboon Single_Avg Average

10 38. 6344 39. 6594 38.4591 42.9035 39.9141

. 20 33.1101 34. 1491 32.3798 34. 4598 33.5247 . _
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SEH R BT 8.02% , {H 78 K 45 L 48 5 2R 07 1 A
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FRBE IR R Y ECH Jrm s b STC £om Bk
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FR) 503 T PR A% Kb B 5k . T DA S ik [ 23 1 A S 6 4%
FRATH L AE [ 25 5 R L SDCT 36 7R B0 1 1 R 45 1 4
FR T STC Fom Bk & T 63.08% .
SRORNAMC £RBELAEWB L SDCT KR FIEE A
A5 Hb R MG 3R O 5 Y R 46 L.
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T4 50 4 W B 1% RNAMC (STO) fiy ] 26 He %k
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JE 45 H B B R 1y Ry 82, 78%, i Ak , RNAMC 7£ [
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CEX ST 82.78%) I &k T STC wy, R4
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FRSFALFEHEGSHEERGQZRE G ER
A R M e= 20, 33X B FP R 0L I S A RS )
PSNR Y3k %2] T 30 LL L.

ZE FRrik, 5 STC f1 SDCT FRBEHEM . 7F
R G R T HE R RNAMC FEREEEAH
150 ) T 45 EL RN B /D 1) He 5. DT R 6 B A 4550 b ik 2>
B At 2 () R T R G — R A 1 R OR
k.

5 & it

B A O BUSR FR R ROE AR T RS R

HLEITE 27 L 5 A 1 A 3 03] 25 400 L 2 — A IR
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Background

The researched problem in this paper is image represen-
tation which belongs to the fields of computer graphics, com-
puter vision, image processing, and pattern recognition.
This work is supported by the National High Technology Re-
search and Development Program (863 Program) of China
under Grant No.2006AA04Z211 and the National Natural
Science Foundation of China under Grant No. 60973085. The
major objective of the project is to design efficient lossy or
lossless image representations that reduce the storage space
of images and the time required for image manipulations since
efficient image representations can save space and facilitate
the manipulation of the acquired images. Up to date, more
than 20 relevant papers based on NAM for image representa-
tion and image manipulation have been published in referred
conferences and journals, such as Chinese Journal of Elec-
tronics, Journal of Software, and so on. However, all of our
previous NAM-based image representation methods are loss-
less, and no any lossy technology are used in those papers.
Therefore, the motivation of this paper is to propose a novel
NAM-based lossy representation method for gray images.

Based on the B-tree triangular coding (BTTC) ap-
proach., Distasi et al. proposed the first spatial data struc-
tures (SDS) for representing gray images, which was pub-
lished in IEEE Transactions on Communication in 1997. The
BTTC-based SDS is really a pioneer work to extend the SDS
design from binary images to gray images. One advantage of
BTTC over JPEG is its shorter execution time. Later, based
on the S-tree data structure and the Gouraud shading meth-
od, a new S-tree Coding (STC)-based approach for represen-
ting gray images was proposed, which was also published in

IEEE Transactions on Communication in 2000. The experi-

CHEN Chuan-Bo, born in 1957, Ph. D., professor,
Ph. D. supervisor. His major research interests include com-

puter graphics, image processing, and pattern recognition.

mental results show that the STC has a superior performance
in the execution time (less than half of the execution time of
the BTTC) without sacrificing compression ratio and image
quality. Later, a novel hybrid gray image representation
using spatial- and DCT-based approach (SDCT) was presen-
ted by Chung K L, et al. in 2006. Based on some real gray
images, their experimental results showed that the SDCT
over the STC has about 63.08% memory-saving improve-
ment ratio in average with a higher time complexy than the
STC. However, although the traditional SDS-based repre-
sentation algorithms, such as the BTTC, the STC and the
SDCT, have many merits and applications, they put too
much emphasis upon the symmetry of image segmentation.
Therefore, they are not the optimal gray image representa-
tion algorithms. In this paper, inspired by the idea of the
BTTC and the STC, by extending the well-known Gouraud
shading method. the authors propose a new algorithm for the
gray image representation by using the Rectangular Non-
symmetry and Anti-packing Model (RNAM) and extended
shading approach. Similarly, based on some real gray ima-
ges, the experimental results show that the algorithm over
the STC algorithm has about 82.91% memory-saving im-
provement ratio in average with the same time complexy as
the STC. By comparing the proposed algorithm with the pop-
ular STC and SDCT algorithms for the gray image represen-
tation, it is shown that the former has the higher compres-
sion ratio and the less number of blocks than the latters
whereas maintaining the image quality, and therefore it can
reduce the data storage much more effectively than the latters

and it is a better method to represent the gray image.



