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Abstract 

 
In present ere every human demands number of 
multimedia application. Those applications are based 
on graphics and computer vision. Similar in this era 
every one want realistic view so there is tremendous 
demand of Three- dimension (3D) technology. As we 
know 3D technology increases the visual quality as 
compared to two-dimensional (2D) technology. For 
generation of 3D content there is need of Depth image 
based rendering (DIBR) process which will generate 
left and right image through depth image and original 
image. Basically DIBR is following the concept of 
actual 3D recording camera setup. Through original 
camera setup there is virtual camera formula is 
generated which will create left and right image. Using 
both image 3D content is created. As we already know 
for any image processing application time complexity 
is main issue. So in this work I will propose a fast and 
approximate DIBR algorithm which will reduce the 
time complexity issue. In this work we will represent 
the hardware and algorithm implementation of our 
proposed design. Here image quality measurement 
there is some scientific parameter will use which will 
check the quality of generated left and right image 
through proposed DIBR algorithm. Those parameters 
are like PSNR, SSIM, RFSIM and FSIM. Algorithm 
will implement on Matlab. 
 

Keywords: FPGA, FSIM, Gaussian, GMSD, PSNR, SSIM, 
RFSIM. 

1. Introduction 

Depth perception in multimedia is something that has seen 
a great rise in interest in recent years. 3DTVs have made 
their way into the living rooms of families, 3D cinema 
releases are more frequent and the quality is leaps and 
bounds greater than what was seen before. The sudden 
boom can be seen as a resurrection of a past technology 
which, due to more recent advancements in both display 

technologies and content generation, can now be enjoyed 
by more people and with a higher level of quality. 
Specially, the type of 3D which is the focus of this thesis 
and is used in describing today's 3DTVs or movies is 
known as Stereoscopic 3D and the process through which 
depth is perceived using stereoscopic images is known as 
Stereoscopy. Stereoscopic 3D is the illusion of 3D depth 
created by using a pair of left and right images, henceforth 
referred to as a stereoscopic pair, and making sure each 
image is only seen by the left and right eyes respectively. 
The brain is accustomed to creating depth in the world 
around us from what is seen with both eyes, because each 
eye does not see the same thing as the other and so the 
disparity between the views in each eye is one of the ways 
the brain recognizes depth. This particular depth cue is 
referred to as parallax; Figure below illustrates what is 
meant by parallax. In Figure point P lies on the stereo 
plane and corresponds to objects which will appear at on a 
screen when viewed. Negative parallax would be for 
objects which appear in front of the screen and positive 
parallax is for objects further away from the screen. By 
manipulating the separation between pixels in left and 
right images the different types of parallax can be 
achieved.[1] 
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2. System Analysis 
 
Existing System 
 
Depth-Image Based Rendering (DIBR): 
 
Depth-image-based rendering (DIBR) is the process of 
synthesizing “virtual” views of a scene from still or 
moving images and associated per-pixel depth 
information[2,3]. Conceptually, this novel view generation 
can be understood as the following two-step process: At 
first, the original image points are re projected into the 3D 
world, utilizing the respective depth data. After this, these 
3D space points are projected into the image plane of a 
“virtual” camera, which is located at the required viewing 
position.  
 
Stereoscopic Image Creation 
 
On a stereoscopic- or auto stereoscopic 3D-TV display, 
two slightly different perspective views of a 3D scene are 
reproduced simultaneously on a joint image plane. The 
horizontal differences between these left- and right-eye 
views, the so-called screen parallax values, are interpreted 
by the human brain and the two images are fused into a 
single, three-dimensional percept. 
 
2.1. DIBR Algorithm (Old_DIBR) 
 
The process of generating virtual views from mono scope 
and associated depth is the process of DIBR. Consider an 
virtual 3D space point M [1], the two side by side 
projection equations in two views result to: 

 
 
Where m and m∗ shows two 2D image points in the left 
and right view, respectively. The matrix D is of the 
rotational matrix and the translational matrix t that 
transforms the 3D point from the regular angle system into 
the camera angle/ coordinate system. Matrices A and A∗ 
specify the essential parameters of cameras. The identity 
matrix Pn designates the normalized perspective 
projection matrix. Fig shows a virtual camera setup for 
altering of virtual angle viewing. The parameters f and tc 
represent the focal length and the baseline distance 
between two virtual angle camera Cl and Cr, respectively. 
Zc means the depth value of the ZPS (Zero Parallax 
Setting). The side by side camera setup rather than the 
convergent camera setup is used not to generate vertical 
inconsistency and it’s much easier to implement with 
DIBR. Since the position of the 3D space point M depends 

on its depth value, the 3D image warping equation can be 
obtained : 
 
 

 
the pixel position (x, y) of warped image point can  be 
calculated as: 

 
Where αu is a parameter which represent the distance of 
left-right-eye and screen. The pixel position (xc, y), (xl, y) 
and (xr, y) of the reference view and two virtual views 
corresponding to the point P with depth have the 
following relationship: 

 
The offset h between reference view and target view can 
be computed by: 

 
 Algorithm Optimization 
 
The next step after hole-filling is the whole left-and-right 
view images are to be transformed into horizontally, by 
replacing h pixels for addition and subtraction of h[6]. The 
division operation is one which consumes time and area 
by hardware implementation, the DIBR algorithm is 
optimized to eliminate the division operation. 1/depth 
ranges between 0 and 1. Since the value of 1/depth only 
represents the relative distance of the pixels but not real 
distance, and that people are only sensitive about the 
objects which have smaller depth value, (256−depth)/256 
can be used to replace 1/dept[4].   

 
In the implementation, for each depth value between 0 and 
255, the average drifted between (the practical value) and 
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(the theoretical value) is about 3.6%[1]. The division 
operation can be simply implemented by shift operation in 
hardware. In the implementation, the white color in the 
depth map represents the nearest plane while the black 
color (i.e. 0) represents the farthest. It is opposite to the 
real depth given in[5] .We use D to represent the value 
that obtained from the depth map and get: 

 
L_ of f set and R_ of f set are used to represent the value 
of off set in the left-and-right view images, respectively. 
So while implementing the DIBR algorithm in hardware, 
we use the above equation to compute left-view offset l 
offset and right-view offset r offset: 

 
Where pos = k tcf 2 is a parameter related to the eye-
screen distance and the screen size. pos is set to 1/32 of 
the width of the screen[6]. This give real view and can 
simply implemented by shifting operation. After the l 
offset and r offset are calculated, the left-view image and 
the right-view image can be obtained. 

 
Where lpic and rpic represent the left-view and rightview 
images, respectively. pic is the original 2D image, and (x, 
y) means the pixel position in the images.  
Pre-Processing of depth image is usually a smoothing 
filter. Because depth image with horizontal sharp 
transition would result in big holes after warping, 
smoothing filter is applied to smooth sharp transition so as 
to reduce the number of big hole. However, if we blur the 
whole depth image, we will not only reduce big holes but 
also degrade the warped view. This is because the depth 
map of non-hole area is smoothed.[7] 
 
2.2. New DIBR Algorithm 
 
In this algorithm author proposed a new approach. 
According to this approach he will try to reduce the hole 
filling problem. In this algorithm author proposed a new 
formula for generation of Left and Right Image. 
According to this formula they are generating left and 
right image in which they are fill hole by using of 
corresponding depth map. Problem with approach is that it 
will require heavy amount of time means this algorithm 
will increase time complexity.  

 
3D Image Warping 
 
3D image warping maps intermediate view pixel by pixel 
to left or right view according to pixel depth value. In the 
other words, 3D image warping transforms pixel location 
according to depth value. The 3D image warping formula 
is as following: 

 
 
The xl is the horizontal coordinate of the left view, and xr 
is the horizontal coordinate of the right view. Besides, xc 
is the horizontal coordinate of the intermediate view. Z is 
depth value of current pixel, f is camera focal length and tt 
x is eye distance. The formula shows that 3D warping 
maps pixel of intermediate view to left and right view in 
horizontal direction. 
 
Hole Filling 
 
Average filter interpolation method is a common method 
for Hole-Filling in DIBR, which only would result in 
artifacts at highly textured areas. Apart from this the hole-
size in DIBR is so big that it is needed to using average 
filter with large window size. At the same time, average 
filter with large window size cannot store edge 
information for the reason that edge information is 
blurred. The formula used to do Hole-Filling is as below: 
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2.3.RGB to YCbCr: (Color space transformation) 
(Latest_DIBR) 
 
The image in RGB format should be converted into 
different luminance based color formats called as YCbCr . 
There are three components in Ycbcr :  
 

1. Y component represents the brightness of a pixel 
2.  Cb and Cr components represent the 

chrominance (split into blue and red 
components).  

The same YCbCr used in digital color television, 
Video DVD’s and even in analog it is similar way color is 
represented in analog PAL video and MAC, where NTSC 
uses the YIQ color space. The YCbCr color space 
conversion allows a high rate of compression without a 
significant effect on perceptual image quality (or greater 
perceptual image quality for the same compression). The 
compression is more efficient in terms of brightness 
information, which is more important to the eventual 
perceptual quality of the image, is limited to a single 
channel, which more close to the human visual system. 
This conversion to YCbCr is specified in the JFIF 
standard, and should be performed for the resulting JPEG 
file to have maximum compatibility. Apart from some 
JPEG implementations which does not use this type and 
which store in same channel of RGB. This type results in 
less efficient compression and can’t able to use for larger 
size of images. 

 
ITU-R BT.601 conversion [5] 

 
The representation of  Y′CbCr  is as shown below which 
was defined for standard-definition television use by 
the ITU-R BT.601 (formerly CCIR 601) standard . The  
use  with digital component video is derived from the 
corresponding RGB space as follows: 
 

 
 

 
From the above constants and formulas, the following can 
be derived  
Analog YPbPr from analog R'G'B' is derived as follows: 
 

 
 
Digital Y′CbCr (8 bits per sample) is derived from analog 
R'G'B' as follows: 

 
 

 
 
The range of resultant signals is from 16 to 235 for Y' (Cb 
and Cr range from 16 to 240); the values which lies in 
range of 0 to 15 are called foot room, while the values in 
range of 236 to 255 are called headroom. 
Another possibility is, digital Y′CbCr can derived from 
digital R'dG'dB'd (8 bits per sample, each using the full 
range with zero representing black and 255 representing 
white) as per  the following equations: 
 

 
 
In the above formula, the scaling factors are multiplied by 
256/255. This allows for the value 256 in the denominator, 
which can be calculated by a single bit shift. If the 
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R'dG'dB'd digital source includes foot room and 
headroom, the foot room offset 16 needs to be subtracted 
first from each signal, and a scale factor of 255/219 needs 
to be included in the equations. 
 
The inverse transform is: 
 

 
 
The inverse transform without any rounding’s (using 
values coming as per ITU-R BT.601 recommendation) is: 

 
 
This form of Y′CbCr is used primarily for older standard-
definition television systems, as it uses an RGB model that 
fits the phosphor emission characteristics of older CRTs. 

 
Then the nearest integer coefficients ,base is considered as 
256. To obtain the 4:2:2 components Y, CR, CB, low-pass 
filtering and sub sampling must be performed on the 4:4:4 
CR, CB signals described above. Note should be taken that 
slight differences could exist between CR, CB components 
derived in this way and those derived by analogue filtering 
prior to sampling. 

 
Parameters to evaluate the Image: 
 
Various parameters are used to evaluate the proposed 
algorithm at both levels. The various parameters are  

1. PSNR  
2. SSIM  
3. FSIM  
4. (GMSD)  
5.  (RFSIM) 

Research Gap 
 
The above algorithm of DIBR has the following problem: 

a. Previous DIBR model having the 
problem of timing complexity. 

b. All previous approach are not make 
justice with SPAA (Speed, power, area 
and Accuracy) 

 
2.4. Proposed DIBR 
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In this proposed Depth Image based rendering approach 
we are calculating Pixel_Shift. Here Pixel_Shift is use for 
shift the original pixel value with its depth valure. Aftr the 
calculation of shift value we are apply that calculated 
Pixel_Shift in left and right image generation unit. Using 
this shift value we will calculate let image and right image. 
Using this approach when we are implementing hardware 
unit so there no need of any extra hardware unit which is 
require in previous algorithm 
 

 
 
General formula of Displacement is (k* tc*f)/ 2 is the 
value of the parameter related to the distance of eye and 
the distance between screen. But here Displacement is set 
to 1/32 of the width of the screen . Zc is convergence 
Distance. This will provide a good visual experience and 
can also calculated simply by shifting operation. After the 
Pixel_shift value calculation ,  the left-view image and the 
right-view image can be obtained. 
In the above formula previously left_push and right_push 
are calculated individually, where in our approach only 
one calculation is required for calculating.  
 

 
 

 
 
Where Xle and Xri is used to represent images as left-view 
and rightview, respectively. pic is the original 2D image, 
and (x, y) means the pixel position in the images.  While 
caluculating Xre pic we add Pixel_Shift and for 
calculation Xl we substrate Pixel_Shift. 
 
3. Results and Analysis 
 
In this section comparative analysis is perform for 
different existing and proposed RGB to YCbCr and Depth 
image based rendering process. Analysis is performing by 
using of MATLAB. Here generated image from different 
approach is pass from image quality measurement 
parameter which are: 

• PSNR 
• SSIM [14] 
• RFSIM [12] 
• FSIM [13] 
• Absolute Similarity (%) 

 
RGB to YCbCr Conversion: 

Using of these parameter image qualities is measured. At 
initial stage RGB to YCbCr analysis is perform. ITU 

proposed RGB to YCbCr conversion unit which is 
compare with proposed RGB to YCbCr unit. Here 
standard  lena image(512 X 512) is used for analysis point 
of view. 
 
Original Input Image: 

 
 
Standard YCbCR Image by Matlab:  

 
YCbCr Image by Proposed Approach: 
 

 
 
Time Complexity Comparative Results: 
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As we can see in this result proposed DIBR approach is better 
than existing approaches like DIBR OLD and DIBR 
MODIFIED. Proposed approach requires approximate 40% 
reduction in time complexity as compare to DIBR OLD & 
MODIFIED.   

Image Quality Parameter Results:  

 
4. Conclusions 

In this work we represent the error resilient and power 
aware architecture and algorithm of depth image based 
rendering approach. In this work we proposed an 
architecture which require less power and area. Simmilar 
proposed approach require very less delay time at 
algorithm so complexity level in this proposed approach is 
very less as compare to previous exsisting approach of 
[5],[8] and [9]. Here as wecan see hardware complexity is 
reduces by 50% as compare to DIBR latest [9]. In 
proposed approach there is very small deridation in image 
quality which is tolerable by human eye. In this approach 
we are proposed a new algorithm for RGB to YCbCr 
conversion and DIBR. In proposed approach time 
complexity is reduce and generated output image quality is 
measured by using of some image quality parameter like 
PSNR, SSIM, FSIM, RFSIM, GMSD, Similarity (%). 
Here simulation result shows time complexity is reduces 
by 80% and hardware complexity is reduces by 30 to 40%. 
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Parameter Old New Latest Proposed 

PSNR 16.35 18.755 22.45 22.31 
SSIM 0.8377 0.86000 0.9310 0.8808 

RFSIM 0.1195 0.3202 0.4277 0.2214 
FSIM 0.9062 0.9454 0.9580 0.9272 

GMSD 0.8515 0.8998 0.8900 0.8990 
Similarity 72.12 75.84 90.11 85.01 
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