AF2#IR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2011,22(4):826—832 [doi: 10.3724/SP.J.1001.2011.03805] http://www.jos.org.cn
O [E Rk Bt AT 5 T RSB A Tel/Fax: +86-10-62562563

R 4R B IR T B AL TR

%W, T4f RALE

(EB R AR K #2Be IR K7 410073)

Fast Directional Discrete Cosine Transforms Based Image Compression

CHEN Bo*, WANG Hong-Xia, CHENG Li-Zhi

(School of Science, National University of Defense Technology, Changsha 410073, China)

+ Corresponding author: E-mail: chenbo0354@yahoo.com.cn

Chen B, Wang HX, Cheng LZ. Fast directional discrete cosine transforms based image compression. Journal
of Software, 2011,22(4):826-832. http://www.jos.org.cn/1000-9825/3805.htm

Abstract: The traditional discrete cosine transform (DCT) can only sparsely represent the horizontal and vertical
edges in images. The computation complexity of directional prediction DCT (DPDCT), which has the ability to
represent more directions, is much higher. To overcome these shortcomings, the fast directional discrete cosine
transforms (FDDCT) is proposed in this paper, in which the transformation is performed on the predefined direction
mode. Compared with DPDCT, no interpolation is needed in FDDCT, so FDDCT can sparsely represent the
anisotropic edges in much faster images. A special lifting algorithm is designed between adjacent blocks to ensure
the perfect reconstruction, which compacts energy in edges lying across the blocks. The experimental results show
that the computation of FDDCT is no more than 1.4 times that of DCT’s. Coding with the same set partition method,
PSNR compressed images that are combined with FDDCT are 0.4~1.6dB higher than those with DCT and DPDCT.
Also, the edges and the details in the images are much clearer and less distortion exists.
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Fig.1 Flow chart of binary directional DCT
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Fig.2 Directional lifting (the dashed line is directional line, O is the pixel, and O is the middle point)
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Fig.3 Five direction modes in FDDCT
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Fig.4 Direction line across blocks
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Fig.5 PSNR versus bit rate curves of different transforms
K5 AN [) A 05 125 s 4 Pl AR U £ e L it 2 (PSNIR)

M 5 W LLE H T ik FDDCT 53T it DCT M4 7 A1 L, M B4 1 PSNR 427549 0.4dB~
1.5dB, BT DWT; X T 484 - F 1K 1%, 10 Barbara,PSNR 42 8 B8 K A, B 5 iRk gyt T SCiHR[5]
T3 T DPDCT I R4 45 A, 45 FoAH b A SC U7 1) PSNR 48 & T 1dB LA F.

R S 0 EHR (B 6 TR, O T I i, GBI T BB A ARER M IR 4 AT BOR) T BUF R B T
3t FDDCT 4 J7 2 W it 5 4. LA Barbara Ay 4], 5 DCT #H L, %5 T FDDCT [ R4 2 3 820 T 8 E A [A]
) DR S0 FE PRI MR, Bl 2 7 45 31— 2 40450 R INF, 1 T FDDCT w48 5 3 . 7 30 A8 i 78 b R BB AL
RE W HE— S 8L N UL, 4 40 Lk DPDCT JE 45 5 1t 145 58 s i

FFE#] FDDCT o HJ7 i B 5 AR P 1% 11 38 1 g 6, 1 5 i 5 LR R 5% i DL RS i B S
Al 13 B FRATT I8 I 5 K SR b v W0 AR 11 A8 e i [ ok AT L AR ERBE R Pentium 4 2.93GHz CPU,
Windows XP(SP2)#:1E & 48, MR 6 B % 19 /M b 512,1 024,2 048,45 3 1L 3% 1A SCHE 1 (9 — 3k FDDCT i i
T8t R 5 GRS RATALE M OCR AL DCT Bl i [ 14 1.4 45,4025 DWT [ 1/3,7f DPDCT (1)t 55
[ DPDCT 1 5 £ LA CRA SCHR[S] 8 I 11 8 ridifE). IRl bk, A SR HE 1) FDDCT SEEL T 6 G % 1) S ki

© HEBEERAET hipd/ www, jos. org. cn



Mok AR ESE TR T @B RAET#R 831

oA R R PR R R
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Fig.6 Parts of compressed Barbara (compression ratio: 16:1)
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Table 1 Executing time (second) of different transforms (s)
% 1 FDDCT 5 DCT,DWT [H)ig 5 fa) (#)
. . Executing time of different transforms (s)
Size of images DCT FDDCT DPDCT DWT
512x512 0.006 547 0.008 672 0.045 186 0.032 030
1024x1024 0.030 160 0.038 900 0.190 050 0.129 220
2048x2048 0.131 870 0.179 953 0.825 348 0.557 810

55 DWT A H DCT Je L sSodt Az i (AR FAAE T o S AR BEAR . A7l TTAH /N A B A0 95 2 e 15

W19 JPEG XR L4 by, 5% H R 3t 4 2% DCT As e [2 A 42 i i) FDDCT 4k 7k 17 DCT i 55 53 AR BE AR RIAR 4,
IFil H 77 1) 705 6 17 B0 5, W] LR v 47 i 1 2 s PR A5 v 5 1) S i 5 S 45 S 7R, 5 DCT LA & DPDCT A L,
FDDCT M4 E& 5 a5 B 3 7,5 DWT AL FDDCT J 48 B {5 5 R AT A8 v 542 R PR A oh 1 3L
B R4 DCT R M Al FDDCT n J7 8 H 3 F T30 A G 5 W0 e dn 2 .
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