

[bookmark: _Hlk531201999][bookmark: _GoBack]Bicubic interpolation is a common method of interpolation in two dimensions, which is developed for enhancing the sensor data, improving digital image resolution, extracting information, etc [36]. In this method, the pixel grey value  of the interpolation point  is obtained from a weighted average of the sixteen nearest sampling points in the rectangular grid, in which the weight of each point, determined by the distance from that point to the interpolation point, is interpolated, both on X and Y axes. It considers not only the effect of the greyscale of the four directly adjacent points, but also the effect of the change rate of the grey values between the neighbouring points.







As a simple example, suppose the size of the source image A is  and the size of the target image B after scaling by a factor of  is , which means . Each pixel point of A is known and B is unknown. If it is desired to find the grey value of pixel point  in the target image B, the corresponding coordinate of the pixel point  on the source image A must be found first. This pixel point is defined as Point  and shown in Fig. 16. According to the scaling relationship, then

.            (12)



































Obviously, Point  does not completely coincide with one pixel in source image A. Therefore, suppose the X-axis and Y-axis coordinates of Point  are  and  respectively, where ,  denote the integer part and ,  denote the fractional part. As shown in Fig. 16, the position of the nearest 16 pixels can be represented by . The horizontal distances between  and , ,  and  are  (),  (),() and  () respectively. Meanwhile, the distances between  and , ,  and  in the Y axis are  (),  (),  () and  () respectively. 
 [image: ]
Fig. 16: Diagram of the interpolation point P and its adjacent 16 pixel points.


Bicubic interpolation uses these adjacent pixel points as parameters for the calculation of the grey value of the pixel point  of the target image B, in which a bicubic basis function is utilised to find the weights of the 16 pixel points. The bicubic basis function is shown in Eq. (13) and the bicubic convolution interpolation kernel is set with the value of -0.5 for  for the best fitting.

               (13)


where the parameter  in the bicubic basis function indicates the distance from each adjacent pixel point to Point . However, the bicubic basis function is one-dimensional, whereas pixels are two-dimensional, so the results must be calculated separately by rows and columns of pixel points. Then the weight factor for each adjacent pixel point can be obtained in terms of Eq. (14). 

                   (14) 



where  denotes the weight factor for the adjacent pixel point . Then the grey value of the pixel point  of image B could be equal to a weighted superposition of 16 pixel points, as shown in Eq. (15).

                          (15)







where  represents the grey value of the pixel point  of image A; ,  are the X-axis and Y-axis coordinates of the pixel point ;  represents the grey value of the pixel point  of image B.
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