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Efficient Modifications of Cubic Convolution Interpolation Based on
Even—0Odd Decomposition
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Abstract - This paper presents a modified CCI image interpolation method based on the even-odd decomposition (EOD).
The CCI method is a well-known technique to interpolate images. Although the method provides better image quality
than the linear interpolation, its complexity still is a problem. To remedy the problem, this paper introduces analysis on
the EOD decomposition of CCI and then proposes a reduced CCI interpolation in terms of complexity, providing better
image quality in terms of PSNR. To evaluate the proposed method, we conduct experiments and complexity comparison.
The results indicate that our method do not only outperforms the existing methods by up to 43% in terms of MSE but
also requires low-complexity with 37% less computing time than the CCI method.
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Fig. 1 Basic concept of EOD

2.2 Even-0Odd Decomposition (EOD)
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Fig. 5 Average PSNR changes of seven experimental
images by adjusting weighting factor of EOD-CCI in
image-scaling experiment (1/v2  times
followed by 2 times scaling)
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FEFe Holx Ao dig AP FP5uch 19 494
Ho|Zo] AdeAE 512x512 7|9 S A 7l st
HEES FdstAn
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N

Z 3HPSNR)
Table 1 PSNR Results of image-scaling experimental (1/+v2
times scaling followed by 2 times scaling)

EOD-CCI|EOD-CCI

[mages - CCL | Cw=1) | (w=5/1)
Lena 35.43 38.42 38.37 38.62
Peppers 33.99 35.71 35.70 35.72
Baboon 25.04 26.38 26.40 26.52
Airplane 32.78 35.06 35.03 35.16
Goldhill 33.44 35.47 35.48 35.66
Barbara 27.18 29.08 29.08 29.38
Finger 30.47 34.74 34.64 35.04

Average PSNR 31.19 33.55 33.53 33.73

Average MSE 49.44 28.71 28.85 2755

MSE Reduction

E Redu 0% | 42% | 42% | 44%
MSE Reduction | 7205 | 0% 0% 4%

U
() (d)

a7 6 YHAIIHH(/ VI B2 F

53| HtE % A0o{Zxl BaboondAte| HEE (a) Linear

N

2d =f) A™E

Interpolation (b) CCI (c) EOD-CCI (w=1) (d)
EOD-CCI (w=1.25)

Fig. 6 Fur area in Baboon image resulting from five
image-scaling experiments (1/v/2 times scaling
followed by 2 times scaling) (a) Linear Interpolation
(b) CCI (c) EOD-CCI (w=1) (d) EOD-CCI (w=1.25)
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5|
53 vhE F 20{Zl BaboonHAte| =& & (a) Linear

Interpolation  (b) CCI (c) EOD-CCI (w=1) (d)
EOD-CCI (w=1.25)

Fig. 7 Eye area in Baboon image resulting from five

O

image-scaling experiments (1/v2  times scaling
followed by 2 times scaling) (a) Linear Interpolation
(b) CClI (c) EOD-CCI (w=1) (d) EOD-CCI (w=1.25)

E: 2 gaariMy AEE 53 gE F Po{ZE Baboon
o abof| s PSNRZA
Table 2 Baboon image resulting from five image-scaling

experiments
Images LI CCI E(O\l;;?())l EE:OVIV):%C/A%I
Baboon 21.54 24.16 24.08 24.31
MSE 456.12 | 249.51 254.14 241.04
Ratio over LI 0% 45% 44% 47%
Ratio over CCI || -83% | 0% -2% 3%
i 3 MY Aag 2nthE g of Zal= AlZHmsec)
Table 3 Computing time for enlarging images by a factor of
21 (msec)
Images LI CCI %OVB;?%I ]23033;5(;1%1
Lena 180.6 797.2 500.3 508.0
Peppers 179.0 802.6 499.3 508.7
Baboon 1747 788.8 495.5 496.2
Airplane 174.3 787.6 494.1 500.9
Goldhill 174.2 789.3 495.0 495.2
Barbara 1745 788.8 497.1 493.3
Finger 1737 787.2 494.4 493.2
Average 175.9 791.6 496.5 499.4
Ratio over LI 100% 450% 283% 284%
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