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Abstract. When Digital Video image transformation from general screen (i.e., 4:3, etc.) to 
widescreen (i.e., 16:9, etc.), the source image aspect ratio will change, image resolution adjustment 
and format conversion is difficult. In this paper, a method of nonlinear scaling is proposed, aim to 
overcome the image edge distortion problem caused by conventional transform methods. The 
proposed method is to transform based on nonlinear scaling curve in the horizontal direction, it uses 
elliptic curve scaling function on both sides of the image and also add appropriate nonlinear scaling 
factor in central area, achieving the overall image of the nonlinear scaling factor change is smooth, to 
reduce the overall image distortion. The simulation result shows that the distortion of the scaled 
image is acceptable, the proposed method is more efficient than conventional methods. 

Introduction 

In the television and display devices, the common video image display mode are 4:3 and 16:9. When 
transformation among different display modes or formats of the image, the resolution transformation 
caused by the image aspect ratio change [1] will lead to image distortion. To transform the original 4:3 
video image into 16:9 image, the authors in [2,3] compared with the three methods: letter-box mode 
[4], crop mode [5] and expand mode, the image scaling effects are not satisfactory. A nonlinear 
scaling method is proposed in [6,7], the authors keep linear scaling in the middle of the original image, 
and nonlinear change on both sides, this method not only ensure no distortion in the middle part and 
guarantee the integrity of the image. However, there are severe deformation on both sides of the image, 
in sharp contrast to the central part, the overall image distortion is obvious. In this paper, we propose 
a new scaling method for Video Images based on nonlinear curve.The method utilizes a nonlinear 
curve for  image scaling, and add a suitable smaller scale factor on the minimum value in center of the 
curve, to achieve the overall image more smooth change and smaller image deformation. The 
proposed method can realize image scaling, and it is more efficient than conventional methods. 

Literature Review  

Shi Zaifeng et al in [7] proposed the nonlinear scaling method for video images, the principle of this 
method as shown in Fig.1.  
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Fig.1  conventional nonlinear scaling method 
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M is linear area in original video images, L and R  are equal and both are nonlinear scaling. In the 
original image, horizontal resolution is 1L and vertical resolution is 1H . In the new image, horizontal 
resolution is 2L  and vertical resolution is 2H . Let 2 1/ 2.25r H H= = , r  is the magnification ratio for 
vertical direction and the overall linear area. 

The interpolate points in M are evenly distributed and interpolation points distance is 1/ r , 
however, those in L and R  are unevenly distributed. In horizontal direction, the interpolation 
principle of nonlinear scaling area use the arithmetic sequence function and sine curve. The effect 
between the two nonlinear algorithms using the arithmetic curve and the sine curve has no significant 
difference, but the amount of calculation and implementation difficulty of sine curve are greater than 
that of arithmetic curve. Considering the resource consumption of hardware implementation, 
generally, using arithmetic curve as a nonlinear interpolation curve to scale image.  

Proposed Method 

In this paper, the interpolation principle of the proposed method is the original image pixels nonlinear 
mapping to the target image pixels position, then interpolate the target image. 

A. Proposed interpolation method 

In the mapping from the original image to the target image, the original image is magnified r times in 
the vertical direction, then nonlinear scaling the image in the horizontal direction. After the nonlinear 
change, using appropriate interpolation algorithm to interpolate in the blank pixels position, the 
interpolation process is shown in Fig.2. 
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Fig.2 Proposed interpolation method 

As shown in Figure.2, the distance between the original pixels nonlinear enlarged. Proposed 
method adopts bilinear interpolation algorithm.  

B. The design of nonlinear scaling curve  

Translate the above-described method described the image scaling effect by interpolation points 
density into nonlinear scaling method using nonlinear scaling factor. Therefore, introducing nonlinear 
scaling factor which is the ratio of new image pixel pitch and the original image pixel pitch in the 
horizontal direction. Using the nonlinear scaling factor principle, the above-described method’s linear 
area scaling is r , and the nonlinear scaling factor in the nonlinear area can be obtained by the 
arithmetic function in the horizontal direction. In this paper, in order to realize the smooth transition, 
we choose the concave curve to be nonlinear scaling curve. When using the concave curve, the scaling 
factor at the edges of nonlinear area change significantly, we need add an appropriate amplification 
factor on the center area to reduce the contrast of both sides and the central area and the image 
distortion. When selecting a concave curve, we compared sine curve, quadratic curve and elliptic 
curve. The elliptic function curve has the maximum concave degree, and the overall change is smooth, 
this can guarantee the center area display effect and reduce the distortion. 
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Firstly, proposed method will expand r  multiples in vertical direction of the original image, then 
nonlinear scaling the image in the horizontal direction according to the elliptic curve method in Fig. 3 
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Fig. 3  Comparison of proposed method with conventional nonlinear method 

Define R  as the minimum value of the elliptic curve, R r δ= + , δ  is a small scale factor that can 
be taken reasonable value by simulation experiment. lN  and rN  represent ratio of the nonlinear 
scaling area on both sides of the original image for the entire image [7], (1 ) / 2l rN N M= = − , the 
total scaling of the horizontal direction is 2 1' / 3r L L= = . The elliptic curve function can be expressed 
according to the parameters in Fig. 3, the nonlinear scaling curve function is: 
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= − − −                                                                                                                (1) 

Multiple relationship equation can be expressed as: 

1

0
'ydx r=∫                                                                                                                                         (2)  

After simplifying equation, we can obtain the relationship equation of maximum scaling l and the 
minimum magnification R: 

(1 / 4) ( / 4) 3l Rπ π− + =                                                                                                                    (3) 

Simulation Results 

In the simulations, conventional nonlinear method[7] 0.4M = , 2.25r = , proposed method 0M = , 
2.5R = . Compare the effects of proposed nonlinear scaling method with expand mode, conventional 

nonlinear method [7], the results of simulation experiment are shown in Fig.4, Fig.5. 

     
(a) original image         (b) expand mode       (c) conventional method[7]         (d) proposed method   

Fig 4 Multiple interest targets in the image 

As shown in the Fig.4, the original image has multiple interest targets. The image distortion is 
serious in Fig.4(b). Fig.4(c) is stretched seriously at the edges of the image. Fig.4(d) is the nonlinear 
amplification effect by the proposed methed, it has a better scaling effect than other methods. 
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(a) original image          (b) expand mode         (c) conventional  method[7]      (d) proposed  method   

   Fig.5 Interest targets on both sides of the image 

Fig.5 shows comparison of image scaling methods when the interest targets on both sides of the 
image. In the Fig.5(b), the flower has significant deformation. The flower and bud are obvious 
deformation on both sides of  Fig.5 (c). Compared Fig. 5 (d) with Fig.5 (b) and Fig.5(c), Fig. 5 (d) has 
a good amplification effect by the proposed method. 

Conclusion 

In this paper, we propose a new nonlinear scaling method baesd on elliptic curve, which can acheve 
scaling images among the images of different aspect ratios. After the original image pixel are mapped 
to a new target image pixel position, using bilinear interpolation algorithm. The proposed method 
makes the contrast of the nonlinear scaling area decrease, and reduce the distortion degree of the 
overall image, the scaling effect is superior to other methods and the algorithm complexity is lower. 
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