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A Color Interpolation Method for Improved Edge Sensing
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ABSTRACT

In many imaging devices, a single image sensor is used, which is covered by a color filter array to filter
out the specific color components from light. Since an image acquired from this image sensors have a color
components at each pixel, it is needed to be reconstructed to a perfect image. In this paper, a new color
interpolation method for the imaging devices having a single image sensor is proposed. The proposed method
improves a edge sensing function to obtain satisfactory results in edges of an image, and presents a new
inter-channel correlation for improving interpolation performance in smooth region. We have compared our
method with several exiting methods, and our experimental results have proved better interpolation performance

in comparing with the other results.
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a2l 2. R,®) L
Fig. 2. Neighboring pattern of R;.
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MR, = (MR + MR)/2

MG, = (MGY+ MGH) /2
end

G = B2 (MR, — MG)~ o (MG~ MG)

a2l 3. G Ade #Y ®Bih
Fig. 3. G channel interpolation.
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Fig. 5. Test images.
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Fig. 6. MSE comparison with conventional methods.
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Fig. 7. PSNR comparison with conventional methods.
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oA A AR Pe bk

%1 AdE MSE v
Table 1. Each channel MSE comparison.
Img ours [9] [6] [7] | Img| ours [9] [6] [7] | Img| ours [9] [6] [7] Img | ours [9] [6] [7]

G | 13.78] 17.58 47.45 21.99) 2.46) 4.01 9.76] 4.0 36.73 36.10] 127.89 56.59) 6.29 12.32| 20.90| 9.61
R | 20.56 30.40| 54.24| 28.99 4.86| 6.46 10.61| 6.15 47.21) 48.72] 131.27] 68.20) 8.55 20.85 22.41| 12.04

O 5 vo67 2060 sacd 281 O | 468 639 1002 597 | a5 sos0 14205 7aed | 1119 2056 2459 1438
Tot | 18.00] 25.87 51.79 26.38 4.00 562 1020 5.37 4584 46.90| 133.74  66.49 8.67| 18.91| 22.63 12.01
G 3.58| 4.84 11.74 5.23 18.59 32.66 61.56 29.67] 8.31| 10.69| 30.85 12.54 455 579 15.76| 6.92
R 8.80| 11.95| 15.98 10.46 28.31| 64.92] 72.77| 40.93 20.70| 25.86| 38.18  24.45) 6.38| 8.85| 16.07 8.75

% 510 748 1310 o8 | 3102 o809 7047 4504 | 1549 1003 sacr 1089 | vad 1149 1961 1172
Tot| 5.85 809 13.63 7.55 26.08) 55.50| 70.25| 38.1§ 14.81| 18.58| 34.57| 18.79 6.79] 8.69 17.14] 9.13
G 267 3.1 9.20| 3.8 312 4.63 10.43| 4.65 5.63  5.08 1547 7.34 9.68 11.57| 33.76| 15.16
R 528 6.15 10.70| 6.5 412 7.30 11.07] 5.71 10.76| 10.23] 18.97| 12.45 14.00 18.90| 36.64| 19.71

%5 542 599 1110 657 | 717 1020 108 sed ses 778 1781 1067 o | 1619 2074 so49 2161
Tot| 4.46 507 10.36 5.66 480 7.38 11.63 6.33 8.35| 7.68] 17.42 10.16] 13.29| 17.08| 36.63 18.83
G 474 493 12.37] 6.33 2.96| 4.02| 12.18] 4.79 432 6.49| 1451  7.25 7.58] 9.03 23.18 10.62
R 6.43 6.53 12.77] 7.80 3.96 5.76| 12.37] 5.86 6.35 12.24] 17.62]  9.71 13.00 14.39 25.64 15.89

- 589 611 1300 700 | o6s 33 1289 807 659 1214 1778 974 oo | 1a58 1709 27.04 16.68
Tot| 5.68 586 12.74 7.24 4520 6.04f 13.14] 6.40 573 10.20| 16.64  8.90 11.39) 13.66| 25.45| 14.36
G 9.22 13.56| 52.65 16.99 7.83 10.36| 28.78| 12.68 497 5.86 1878 7.5 1.99| 275 7.15 3.05
R | 15.32 20.98 51.21| 22.66 13.14) 18.86| 32.57| 18.08 5.84  6.96 17.01  8.07] 4.07| 5.03 7.56] 4.89

% 5 w601 2157 5219 2084 | | 1099 1629 3095 1509 957 1064 2009 1198 | 435 550 815 5028
Tot | 13.81) 18.70 52.00 21.17 10.65| 15.17| 30.76| 15.54 6.79] 7.82] 1893  9.20) 3.470 443 762 4.41
G 9.60| 12.92| 34.54/ 16.41 252 3.70 8.52] 3.82 14.50 1459 48.16) 21.13 20.05| 17.64] 64.08 28.49
R | 14.11) 23.32 39.56 21.58 4.46] 7.10| 10.33 5.81 16.46) 17.00 45.56| 23.01 27.08| 24.21| 61.78 35.42

% 5 1409 2309 4161 2251 | a7d 743 1079 o617 | 2009 o008 ov00 208 o | ac17 so61 8497 5249
Tot| 12.86] 19.93 38.57] 20.10 3.90 6.08 9.87] 5.27 18.96| 19.19| 49.77 25.51 29.76| 27.15| 70.28| 38.80

®2. A PSNR H]aL

Table 2. Each channel PSNR comparison.

Img ours [9] [6] [71 [Img| ours [9] [61 [71 [Img| ours [9] (6] [7] Img | ours [9] (6] [7]
01 G 36.74| 35.68] 31.37| 34.71 44.22| 42.10| 38.24] 42.09 32.48 32.56 27.06| 30.60] 40.14| 37.22] 34.93| 38.30
R 35.00] 33.30| 30.79| 33.51 41.26| 40.03] 37.87| 40.24 31.39 31.25 26.95| 29.79 38.81| 34.94| 34.63| 37.32
B 35.19| 33.42| 30.83| 33.64 o7 41.43| 40.07| 38.04| 40.41 1 30.84] 30.66| 26.61 29.40] ' 37.65 34.41| 34.22| 36.55|
Tot 35.58| 34.00| 30.99| 33.92 42.11| 40.63| 38.05 40.83] 31.52 31.42] 26.87 29.90] 38.75 35.36| 34.58| 37.33|
02 G 42.59| 41.28| 37.43| 40.94 35.44| 32.99| 30.24| 33.41 38.93 37.84 33.24] 37.15 41.55 40.50| 36.16| 39.73|
R 38.69| 37.36| 36.09| 37.93 33.61| 30.01| 29.51] 32.01 34.97| 34.00 32.31 34.25 40.08| 38.66| 36.07| 38.71
B 41.00] 39.39| 36.94| 39.71 o 33.17| 29.75 29.30| 31.70] " 36.25 35.34 32.73] 35.25 20 38.38| 37.55 35.21| 37.44
Tot 40.46| 39.05 36.79| 39.35 33.97| 30.69] 29.66| 32.31 36.42 35.45 32.74] 35.39 39.81| 38.74/ 35.79| 38.53|
03 G 43.86| 43.20| 38.45| 42.24 43.19| 41.48] 37.95] 41.45 40.63 41.11 36.24] 39.47| 38.27| 37.50| 32.85| 36.32
R 40.91| 40.24| 37.84| 39.99 41.98| 389.50] 37.69| 40.56| 37.81 38.03 35.35 37.18 36.67| 35.37| 32.49| 35.18|
B 40.79| 40.38| 37.68| 39.96 o 39.58| 38.05| 36.87| 38.77 1 38.76 39.22] 35.62] 37.895) z 36.04| 34.96| 32.17| 34.78|
Tot 41.64| 41.08/ 37.98 40.60 41.32| 39.45 37.48| 40.11 38.92 39.28 35.72] 38.06) 36.90 35.81| 32.49| 35.38|
04 G 41.37| 41.201 37.21| 40.12 43.42| 42.09| 37.27| 41.33 41.78 40.01 36.52] 39.53 39.33| 38.58| 34.48 37.87|
R 40.05 39.98/ 37.07| 39.21 42.16| 40.53] 37.21| 40.45 40.11 37.25 35.67 38.26) 36.99| 36.55 34.04| 36.12
B 40.46| 40.27| 36.96| 39.32 10 39.90| 38.92] 36.41| 38.80 1 39.98 37.29 35.63| 38.25 2 36.80| 35.69] 33.73| 35.94
Tot 40.59| 40.45 37.08| 39.53] 41.58| 40.32] 36.95 40.07| 40.55 38.01 35.92] 38.64] 37.57| 36.78/ 34.07| 36.56|
05 G 38.48| 36.81| 30.92| 35.83] 39.19| 37.98| 33.54| 37.10 41.17| 40.46| 35.39 39.35 45.15) 43.73] 39.59| 43.29
R 36.28| 34.91| 31.04| 34.58] 36.95| 35.38/ 33.00| 35.56| 40.47| 39.70 35.82] 39.06) 42.04[ 41.12] 39.34| 41.23
B 35.85 34.79| 30.96| 34.36 " 37.72| 386.01| 33.22| 36.13 v 38.32 37.86] 34.91 37.35 2 41.75 40.783| 39.02| 40.91
Tot 36.73| 35.41| 30.97| 34.87 37.86| 36.32| 33.25 36.22 39.81 39.20] 35.36 38.49 42.73| 41.67| 39.31| 41.69
06 G 38.31| 37.02| 32.75 35.98 44.11| 42.45 38.82| 42.31 36.52 36.49| 31.30] 34.88 35.11| 35.67| 30.06| 33.58|
R 36.63| 34.45 32.16| 34.79 41.63| 39.62 37.99| 40.49 35.97| 35.83 31.54 34.51 33.80| 34.29] 30.22| 32.64
B 36.40| 34.41| 31.94| 34.65 2 41.40| 39.42] 37.82| 40.23| 1 33.99 33.98 30.68] 33.03 2 31.88| 32.15 28.84| 30.93
Tot 37.04| 35.14| 32.27| 35.10 42.22| 40.29| 38.19] 40.91 35.35 35.30 31.16| 34.06) 33.39| 33.79] 29.66| 32.24
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Fig. 8. Interpolation results on the edge area of the
image 19: (a) original image, using (b) [9], (c) [6],

@ [7].

E 3. 199 949 elA
H] 3,

Table 3. MSE and PSNR comparison on the edge area of
the image 19.

ododell digk MSES®} PSNR2

MSE
Proposed Pei Laroche Hamilton
35.13 143.90 82.01 54.94
PSNR
Proposed Pei Laroche Hamilton
32.67 26.55 28.99 30.73
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