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Abstract. Image resampling method using color edge-directed interpolation has been developed. It uses color image gradient to perform the
interpolation across image gradient rather than along image gradient.
The developed combined method takes color low resolution image and
grayscale high resolution image obtained by a non-linear image resampling method as an input. It includes consecutive calculation stages for
high resolution color gradient, for high resolution color information interpolation and finally for high resolution color image assembling.
The concept of color basic edges is used to analyze the results of color
image resampling. Color basic edge points metric was suggested and used
to show the effectiveness of the proposed image interpolation method.
Keywords: color image upsampling, gradient based interpolation
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Introduction

Image interpolation is as a key part of many image processing algorithms. For
example, image interpolation is performed when a low-resolution video is shown
on a high-resolution display. Preserving edge information is the main problem
of image interpolation algorithms.
Color image interpolation is generally used in image demosaicing [8] while
most of existing approaches in color image upsampling are reduced to grayscale
image interpolation by decomposing the image into individual color components
and processing these components independently. There exists a large variety of
edge-directed image interpolation algorithms [6, 7, 12], but most of them do not
take into account color edges. If the image is converted to a color model with separated luminance (brightness) and chrominance (color) components like YUV,
the attention is usually paid to image luminance only while chrominance components are interpolated using simple methods like bilinear or bicubic interpolation.
?
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This approach does not lead to significant degradation of the perceptual image
quality because the sensitivity of the human perception to the change of image intensity is higher than to the change of image color. But there is a small
portion of edges which are strong in chrominance components and weak in the
luminance component. In [4] it was shown that about 10 percent of image edges
are not detected in the luminance component. Low quality of interpolation of
these edges may be annoying.
In this paper, we present a method to improve the interpolation of chrominance components using multichannel gradient. The concept of color basic edges
is used to find the edges where involving color information can significantly improve the quality.

2

Gradient Based Grayscale Image Interpolation

We use gradient based method for the interpolation of single component images.
The idea of gradient methods is to use different interpolation kernels depending
on image gradient [2]. We calculate the value of pixel being interpolated as a
weighted sum of pixels laying along the normal to the gradient in the interpolated
pixel.
In our work, we consider linear interpolation method [1]
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where ui,j is the low-resolution image, f (x, y) is the interpolated image, K(t) is
the interpolation kernel.
To construct the edge adaptive gradient image interpolation algorithm based
on the linear interpolation method, we stretch the interpolation kernel in the
normal direction to the image gradient:
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where x0 and y 0 are coordinates of points (i, j) in the coordinate system centered
in the point (x, y) with the axe Ox directed along the gradient direction in the
point (x, y):
x0 = (x − i) cos θx,y + (y − j) sin θx,y ,
y 0 = −(x − i) sin θx,y + (y − j) cos θx,y .
The value θx,y is the angle of the gradient in the point (x, y) and σx,y is the
kernel deformation coefficient which depends on the value of the gradient |gx,y |.
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We use the following value
(
σ0 ,
|gx,y | ≥ g0 ,
σx,y =
|gx,y |
1 + (σ0 − 1) g0 , 0 ≤ |gx,y | < g0 ,
where the values σ0 ≥ 1 and g0 > 0 are the parameters of the proposed gradient
method. Using σ0 = 1 will convert the gradient image interpolation method (2)
to linear interpolation method (1). These parameters are specific to the interpolated image class and the interpolation kernel K(t).
For the bicubic interpolation kernel
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(a + 2)|t| − (a + 3)|t| + 1 for |t| ≤ 1,
K(t) = a|t|3 − 5a|t|2 + 8a|t| − 4a
for 1 < |t| < 2,


0
otherwise.
with a = −0.5 and images from LIVE image database [10, 11] it was found that
using the values σ0 = 1.5 and g0 = 20 maximizes the SSIM metric value [13].
Fig. 1 illustrates the proposed gradient image interpolation method.
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Fig. 1. The kernel function of the gradient based method in the point on the edge for
σx0 ,y0 = 2.

The proposed gradient based image interpolation method shows better results than linear methods but worse than high quality non-linear algorithms like
NEDI [7] or algorithms based on regularization [5]. Nevertheless the proposed
method is significantly faster than non-linear image resampling algorithms.

3

Gradient Based Color Image Interpolation

The idea of color image interpolation is to use the multichannel image gradient
proposed by Di Zenzo [3]. It finds the direction θ0 that maximizes the rate of
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change function
F (θ) = gxx cos2 θ + 2gxy sin θ cos θ + gyy sin2 θ,
where
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The explicit formula to find the direction of the multichannel gradient θ0
looks as
2gxy
1
.
θ0 = arctan
2
gxx − gyy
The value F (θ0 ) is the gradient power.
We apply the grayscale gradient image interpolation method (2) to color
images using Di Zenzo gradient. Fig. 2 shows the results of gradient image interpolation with the bicubic kernel function.
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Improvement of Color Image Interpolation by the
Gradient Based Method

The proposed gradient method cannot give results with quality compared to
high-quality non-linear methods even when color image gradient is used. But
processing of all components of the color image by high-quality methods is time
consuming.
We suggest the algorithm for color image interpolation which takes a color
low resolution image and a grayscale high resolution image obtained by a highquality grayscale image interpolation method as input data. The grayscale highresolution image is used to refine the color image gradient. The algorithm consists
of the following steps:
1. Calculate the color high-resolution image with chrominance components
interpolated from the given low-resolution image using bicubic interpolation and
the luminance component taken from the given grayscale high-resolution image.
2. Perform interpolation of the given low-resolution image by the proposed
color gradient based method with color gradient taken from the color highresolution image obtained in the previous step.
3. Take chrominance components of the obtained in the previous step color
image resolution image and add it to the given grayscale high resolution image.
The obtained image is the result of the algorithm.
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Low resolution image

Nearest neighbor, PSNR = 16.944

Bicubic interpolation,
PSNR = 18.630

Color gradient based interpolation,
PSNR = 18.775
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Fig. 2. The results of gradient based 4 times image upsampling for color images with
bicubic kernel function.
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Color basic edges

To analyze the quality of the proposed algorithm, we seek for edges where the
difference between gradient based interpolation and linear methods is noticeable.
For grayscale images, the concept of basic edges [9] is used to find the edges
which can be used to estimate image quality. By the term ’basic edges’ sharp
edges distant from other edges are called. Blur and ringing effect are the most
noticeable near these edges.
We extend the concept of basic edges to grayscale images using multichannel
image gradient and color edge detection. But since human eye is more sensitive
to intensity changes than to color changes, color artifacts are not visible if color
basic edge is also a grayscale basic edge. Therefore, we seek for color basic edges
which are not grayscale basic edges. We call these edges as pure color basic edges.
The example of color basic edges detection in shown in fig. 3.

The reference image.

The result of basic edges detection.

Fig. 3. The results of finding basic edges areas for the image ’parrots’. Gray lines are
image edges. Dark yellow area is the area of edges being both color and grayscale basic
edges. Light yellow area is the area of color basic edges which are not detected as
grayscale basic edges.
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Results

To evaluate the proposed method we took the reference images, downsampled
it in 4 times, then applied regularization based image interpolation [5] and the
proposed methods and compared the results with the reference images.
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Two metrics were calculated: PSNR and CBEP. The metric CBEP equals to
DSSIM [13] metric calculated only in the area of interest MCBEP . This area is
the analog to BEP area introduced in [9] for color images. It consists of pixels in
a small neighborhood of pure color basic edges. The metric PSNR was calculated
for the entire image.
The results of the proposed interpolation methods for the synthetic image
with only pure color basic edges are shown in Fig. 4. It can be seen that the gradient based method with bicubic kernel shows better edge quality than bicubic
interpolation method.

Bicubic interpolation
CBEP = 7.93, PSNR = 24.616

Gradient based interpolation
CBEP = 10.98, PSNR = 25.584

Fig. 4. The results of the proposed interpolation methods for the synthetic image with
color edges only.

For real images, the difference is less noticeable because of noise and few edges
with completely absent grayscale gradient. In fig. 5 the results of the proposed
color image interpolation methods for the image ’parrots’ are shown. If bilinear
interpolation is used for chrominance components, the difference is more visible.
In fig. 6 the results for the image ’cathedral’ with bilinear interpolation of color
components are shown.
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Conclusion

The gradient method for color image interpolation has been proposed. It uses
the multichannel gradient to perform high quality interpolation of color edges
that are not presented in the luminance image component.
The proposed algorithm enhances the grayscale high resolution image obtained by a non-linear image resampling method with bilinear or bicubic chrominance components resampling. The effect can be seen in the area of image color
basic edges. This approach can be used to improve the performance of high quality but very slow image interpolation algorithms that process all components of
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Bicubic interpolation
CBEP = 32.26, PSNR = 24.433

Gradient based interpolation
CBEP = 41.66, PSNR = 24.586

Regularization based interpolation [5] Regularization based interpolation
with bicubic interpolated
with gradient based interpolated
chrominance components
chrominance components
CBEP = 45.45, PSNR = 25.038
CBEP = 52.63, PSNR = 25.077

The difference image between the last two images (32 times amplified)

Amplified image fragments of the last two images

Fig. 5. Application of the proposed color image interpolation methods to the image
’parrots’.
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Reference image
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Basic edges

Regularization based interpolation Regularization based interpolation
with bilinear interpolated
with gradient based interpolated
chrominance components
chrominance components
CBEP = 43.47, PSNR = 25.585
CBEP = 50.00, PSNR = 25.613

Amplified image fragments of the last two images

Fig. 6. Application of the proposed color image interpolation methods to the image
’cathedral’.
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the image. Instead of processing all components of the image, it is possible to resample only luminance component by high quality algorithm and to interpolate
chrominance components by the proposed gradient method.
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