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Algorithm of image encoding based on U-orthogonal transform
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Abstract: Discrete cosine transform ( DCT) has been applied extensively to the area of image compressing; in order to
improve image encoding, this paper introduces a class of orthogonal complete piecewise k-degree polynomials in L*[0,1]
(so-called U-system). Firstly, a class of new U-orthogonal transform is constructed using U-orthogonal basis, and an
algorithm of image coding based on U-orthogonal transform is presented by investigating 3-degree U-orthogonal transform
(so-called U3). Secondly, two methods of calculating discrete U-orthogonal transform matrices are established, and the
fast U-transform is derived from symmetrical characteristic of U-transform matrices. Thirdly, coding gain and de-correlation
efficiency of U3 are studied, and then JPEG algorithm is realized using U3 instead of DCT. The experiments show coding
gain and de-correlation efficiency of U3 are close to that of DCT, and the computational complexity of U-transform is
approximate to that of DCT which computed using fast Fourier transform algorithm. Moreover the effect of reconstructed
image from our scheme is comparable to that of decoded image from baseline JEPG. So it is effective to apply U-transform,
which may be used extensively in the application of video coding, to the field of image compression.
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Wedmfih, AL 2 T K U-IE 38 AR B B, B
K (5); FEF, B THEFE DCT #47xF b, A0k
i I A g S Y AL, AR DCT 4 A 1Y 5
5 U3 gt iy R M, JF A% TR e mE, Rie
TH5 5 AL AR 0 0 {5 e L (PSNR) . € 3 /2 U3
5 DCT X} 7 i G 047 G B 9 35 40 45 SR, A& vl
PLE L, U3 X BRI R4 g s i) PSNR {H 5
DCT f#j PSNR {H 4122 R K, — /i DCT () PSNR {i W%
T U3, MR PSNR i K22{6°0 0.34 dB, i
B TP 25 A WA A T BE: — 5T, DCT A &
vk Rems O 1 U35 55— Jr i, U3 A8 46 4 1t fir i
152 DCT J& 46 4% 5 19 & b % 5 Huffman 3%, U3
55 DCT {4 725 i 38 5 B0 0 A8 5 450 7R 5 ] RS — £
At B DCT /Y &1L 3% 5 Huffman 535, #iA
Al REREAR U3 Y 4w i fE .

R2 EXTHHEBRREu

Tab.2 De-correlation rate u of orthogonal transform

N 15 4
1EZTE
Lena Woman Harbour Goldhill Zelda Peppers Baboon
DCT 0.8224 0.9333 0.728 6 0.8250 0.8502 0.8599 0.679 4
U3 0.8204 0.9335 0.7268 0.8213 0.850 1 0.8629 0.663 4
WHT 0.7718 0.908 5 0.704 1 0.799 7 0.8163 0.8177 0.6236
*3 EMEGHIEERFERE (dB)
Tab.3 PSNR of reconstructed images (dB)
W - 19 %,
o BB AR 48t
/ (bit/pixel) Lena Woman Harbour Goldhill Zelda Peppers Baboon
0.25 U3 30.84 39.92 24.57 28.31 33.87 30.67 22.87
\ DCT 31.08 36.96 24.64 28.47 33.98 30.57 22.92
0.50 U3 34.53 40. 60 27.28 31.17 37.56 33.93 24.96
' DCT 34.87 40.70 27.36 31.43 37.67 33.96 25.14
0.75 U3 36.39 42.21 29.13 32.83 39.09 35.26 26.35
' DCT 36.69 42.34 29.26 33.13 39.20 35.34 26.62
1 00 U3 37.70 43.30 30.82 34.18 40.12 36. 19 27.55
’ DCT 37.97 43.44 30.95 34.47 40.24 36.24 27.84
|25 U3 38.80 44.22 32.41 35.33 40.91 36.95 28.66
’ DCT 39.04 44.36 32.55 35.62 41.04 36.97 28.98
| 50 U3 39.75 45.07 33.96 36.38 41.62 37.61 29.78
’ DCT 39.96 45.23 34.08 36.66 41.71 37.61 30.09
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Zxl ) DCT 5 U3 A2 4 g it i) 328 Eth 2k n ) 4 fr
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VEE
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4 U3 5 DCT 2 6 2 B iy A< 2 Ll 2k
Fig.4 Rate-PSNR curve of U3 and DCT transform encoding
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ARSCH e U-Z8 G0 b v AR R A U-1E 58 28 e
[ DL =Wk U-1E 2 A ), 5T T U3 B MG R 4
migtERE . KR 2 U3 2 )n, AR e R 50m)
“RERETROSEPERE S DCT AT, T HL 240 G ERE S
DCT (£ CRCRIEA —F, SCYUE A, B U3 AL
B DCT 528 JPEG FEUE 48, HAUR S JPEG M1,
WHERE S ET FFT B9 DCT Pk 5k A, i
B ARE b DCT faj i, HE A CHkisiE . S28 8 4>
MR PGE DCT HFF 22 11 IR L S 29 ik,
U, 5 Bt — A A5 U-1F 5848 e p sk 3k . U-
1E 2 A AR fy Walsh 1E 38728 e (i [ SR ), 2 — 2
B IE S8 AR e, B BOAR R DCT A5 A [W] i 28 e 1
fig, (0 U-IER AR e 26 F U-R G i ok G, T
U- 32 40 1) 35 R B5CF ¥ 22 19 6 R B, o g [ BT 174 366 R
Ho, A U-IE 28 BB &R 8 I — 2SR S0 15 5 A
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