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Color Demosaicing That Takes Care of Local Areas Rich in High Spatial
Frequencies
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Kentaro Hirakif, Yoshihisa Takahashif, Hisakazu Kikuchi® and Shogo Muramatsu’
Abstract A color demosaicing method has been developed that effectively performs within local areas that are rich in

high spatial frequency variations. Such areas are likely to cause strong artifacts after demosaicing because of the inherent
difficulty in subsampling. In visually tolerable image restoration, the spatial correlation between different color components
is exploited to consistently maintain favorable transitions in the component intensities. Missing primary color values on the
Bayer pattern color filter array are estimated using an edge-directed interpolation of primary color difference signals. The local
transitions of the primary color differences are then smoothed by spatially adaptive filtering. Experimental results showed

objectively-good and visually-preferable performance in terms of PSNR, CIELAB color difference and visual appearance,

particularly resulting in less false color.
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Image
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Correlation coefficient between red and green
at different subbands.
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Fourier power spectrum of the horizontal primary color
difference signal.
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Primary color difference values at a green-missing

(r32 — G32) (134 — G34)

pixel and its 4-connected neighbors.
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Primary color difference values at a blue-missing
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Visual appearance of the color reproduction. A part of bicycle.
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Visual appearance of the color reproduction. A part of cafeteria.
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Visual appearance of the color reproduction. A part of seifenfabrikation.
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Visual appearance of the color reproduction. 010 czpOooono
A part of lighthouse. Circular zone plate chart.
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01 CZPOODOODOOOO PSNR in dB
Peak signal-to-noise ratio in dB measured on the CZP chart.

Red Green Blue

Analyzed area | Proposed Moriyam) ACPI Proposed Moriyam) ACPI Proposed Moriyam) ACPI

Horizontal strip 27.09 22.8 25.22 29.95 28.0 26.90 26.68 22.2 24.62

Vertical strip 27.09 22.8 25.22 29.95 28.0 26.90 26.68 22.2 24.62

Whole image 20.45 N.A. 15.52 21.40 N.A. 16.15 20.48 N.A. 15.51

0 2 Kodak OOOOOOO PSNR in dB
Peak signal-to-noise ratio in dB on the Kodak set.
Red Green Blue
Image Proposed ACPI PCSD Proposed ACPI PCSD Proposed ACPI PCSD

brick wall (768x512) 38.96 33.76 33.71 41.41 34.84 35.77 38.46 33.50 33.52
knob on door (768x512) 39.25 39.36 38.72 41.48 40.41 40.60 39.77 39.09 38.56
caps (768x512) 41.83 40.62 41.41 44.13 42.11 43.64 40.61 39.10 39.71
red riding hood (768x512) 38.12 39.20 39.07 40.47 40.22 40.55 40.00 39.34 39.35
motocross (768 x512) 37.44 35.24 35.78 39.48 35.92 37.21 35.22 33.83 34.25
boat zentime (768x512) 39.67 35.09 36.58 42.18 36.08 38.41 37.75 34.32 35.56
window (768x512) 41.10 41.23 41.10 43.04 42.03 42.48 38.73 39.01 38.93
seifenfabrikation (768x512) 36.57 32.37 32.23 39.00 33.53 34.57 35.22 31.70 31.52
sailboats (768x512) 41.78 40.43 40.69 43.48 41.47 42.54 39.62 38.86 39.15
sailboat (768x512) 41.17 40.23 40.40 43.24 41.26 42.32 39.79 38.74 38.90
zentime at the pier (768x512) 38.96 36.32 36.43 41.49 37.18 38.29 38.82 36.00 36.27
beach couple (T68x512) 42.44 40.72 41.37 44.73 42.29 43.57 41.31 39.71 40.22
mountain stream (768x512) 35.44 30.02 30.35 37.52 30.79 31.95 33.48 29.43 29.76
water rafting (768x512) 35.18 36.20 35.58 38.41 37.06 37.44 34.11 34.41 34.19
color girl (7T68x512) 37.27 37.21 37.36 40.30 39.16 39.82 38.61 37.40 37.74
land ahoy (768x512) 42.81 38.50 40.46 45.28 39.68 42.27 41.45 38.05 39.80
statue (768x512) 41.40 39.06 39.09 43.32 39.48 40.49 39.17 37.53 37.85
country style (768x512) 36.45 34.15 34.00 38.18 34.62 35.32 34.66 32.59 32.63
lighthouse (768x512) 40.21 37.15 37.04 42.46 38.22 38.87 38.50 36.30 36.18
siz-shooter (768x512) 41.36 38.72 38.32 43.38 39.62 40.09 37.75 36.50 36.31
lighthouse view (T68x512) 39.54 35.40 35.18 42.01 36.38 37.18 37.43 34.59 34.42
rustic (768x512) 37.27 36.52 36.06 39.76 37.90 38.19 36.11 35.41 35.12
parrots (T68x512) 41.01 41.11 40.98 43.54 43.15 43.60 39.55 39.86 39.82
red gable (768x512) 34.30 32.27 32.93 36.80 33.33 34.73 32.27 30.48 31.16
Average 39.15 37.12 37.30 41.46 38.20 39.16 37.85 36.07 36.28
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0 8 Kodak OODODOODOO CIELAB OO
CIELAB color difference tested on the Kodak set.

Average Median
Image Proposed ACPI PCSD Proposed ACPI PCSD
brick wall (768x512) 1.84 3.16 2.87 1.52 2.36 2.10
knob on door (768x512) 1.47 1.65 1.56 1.03 1.11 1.08
caps (T68x512) 1.11 1.21 1.15 0.80 0.78 0.80
red riding hood (768x512) 1.57 1.67 1.59 1.18 1.20 1.19
motocross (768x512) 2.22 2.72 2.52 1.57 1.79 1.75
boat zentime (768x512) 1.61 2.32 1.94 1.25 1.45 1.34
window (768x512) 1.41 1.32 1.36 1.03 0.84 0.93
seifenfabrikation (768x512) 2.32 3.34 3.15 1.78 2.16 2.10
sailboats (T68x512) 1.39 1.43 1.41 1.17 1.14 1.16
sailboat (768 x512) 1.40 1.43 1.42 1.17 1.15 1.17
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Restoration robustness against the shot noise in the case of lighthouse.
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