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ABSTRACT 
 
FPGA based RGB to Y(Luma) conversion is necessary in  
image denoising,video processing and computer vision 
applications. Generally our human eye is less sensitive to 
RGB color image and require more memory to store than, 
gray scale images. The gray scale image reduces the 
complexity, storage space, and increasing speed of operation 
for various real time image processing applications. The 
existed color space conversion used RGB streaming and   data 
path elements are very high computational complexity in 
design and more power is dissipated. To overcome this  
drawback of  existed design , the proposed fixed point RGB-Y 
color conversion filter uses efficient multi pixel streaming 
and  constant coefficient multiplier. The RGB coefficients are 
optimized with PSO algorithm with different color standards. 
The designed multiplier and adder gives luma(Y) output for 
every RGB pixels at 24.09nsec speed of the targeted FPGA. 
The power dissipation of designed architecture is 204mw for 
each RGB window.   
 
Key words: FPGA, RGB streaming, constant coefficient 
multiplier, lumaoutput, PSO algorithm 
 
1. INTRODUCTION 
 
RGB color system is used in computer vision and video 
surveillance system. The RGB hardware is more complex and 
easily effected with additive white Gaussian noise. Processing 
of RGB signals individually it requires more computational 
time and power. So that there is a need to design of efficient 
RGB-Y converter is necessary. Recommendations defines the 
rate for Y (luma) is 8-bit per each RGB color saves the 1/3 
saving in bandwidth[1]. RGB-Y color space conversion is 
helpful in all image and video processing applications. The 
RGB-Y linear filter increases the throughput and reduces the 
computational complexity further. 
 
The RGB-Y linear filter increases the memory throughput. 
The real time requirement of any image processing 
computation based on low power design is very important. 
Existed system dissipates more power. So that, there is a 
provision to development of low power and high speed 
RGB-Y filter architecture[2] for real time requirement. 
 

Ahirwal et.al., discussed the tradeoff’s involved in the design 
of FPGA based RGB color space to Y and  vice versa.  The 
existed system still far from the real time performance and 
complexity   also more. B.Gordon and N.Chadha designed a 
low-complexity RGB color to Y architecture [3] used shift and 
add operations to perform color conversion. This architecture 
eliminates the need  of multiplier and adder in the conversion 
of luma, and keeps  the same image quality. The RGB images 
abstain more power dissipation with 180nm CMOS 
technology. The design consumes more delay and Power. 
 
Faycalbensali[4] proposed FPGA implementation of 
distributed arithmetic based RGB to Y converter. The 
designed architecture has a fully pipe-lined and a throughput 
of 234 mega-conversions/seconds. The hardware complexity 
and delay of the designed hardware is more. Multiprocessing 
based architecture designs are very important for image 
processing and data security applications and suggested 
techniques[14]  also helpful to RGB to Y converters. 
 
The authors[5] presented a RGB to Y converter used 
multipliers and adders increases more hardware 
computational complexity and delay. The existed 
system[5]also does not give satisfied results under real time 
requirement. The design  is consumed upto 40% of  
processing power in a highly optimized decoder 
environment[6].So the design includes more complexity and 
resource utilization is also increased[10].Multiple constants 
multiplier (MCM) design[7] is based on common sub 
expression algorithm for intelligent luma conversion. So we 
proposed a common sub expression elimination algorithm  
based multiplier is reduced the complexity.  but the system 
needs optimization of coefficients and  memory. Optimization 
of color coefficients is necessary in the proposed design and  it 
is discussed in section II. 
Fir filters based on distributed architecture[8] are 
computationally efficient. LUT based multiplier operated at 
very high speed and resource utilization is maximum [9]. 
FPGA based architectures are more convenient to design 
signal processing and image processing applications is 
discussed in  [12],[13]. 
 
2.  DESIGN METHODOLOGY 
Color range equation

 BXGXRxxf .3.2.1)(   
Assume the color coefficients: 
              X1=CKA,X2=1-CKA-CKB;X3=CKB; 
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          Y=CKA*R+(1-CKA-CKB)*B+CKB*G.--(i) 
                  0<CKA<1;0<CKB<1;0<CKC<1.----(ii) 
 
The RGB coefficients CKA, CKB are chosen between 0 and 1. 
RGB model has an intensity value ranging from 0 to 1. i.e. 0 
means lowest value indicates black pixel and value 1 for 
highest value and  it indicates white pixel. The proposed 
hardware architecture based on PSO algorithm for luma 
conversion using Matlab and next implemented on targeted 
FPGA (kintex) with clock frequency of 200 MHZ. The 
coefficient values of CKA,CKB and CKC are obtained and 
shown in table 1. 
 

 
 
Figure 1: PSO algorithm based optimization of color 
coefficients. 
 
 
 

PSO algorithm based optimization of color coefficients shown 
in Figure 1, the color coefficients are optimized for 
identifying the optimal solution of weighted coefficients.PSO 
optimizes the coefficients to the filter, which is in turn useful 
for producing accurate  filter output is shown in table -I. The 
proposed coefficients are more optimized and useful for real 
time applications [15]. 
 
 Table 1: Proposed Constant color coefficients design    

 
 
2.1 Matlab based RGB-Y converter 

 
                     Figure 2:Matlab based RGB-Y converter. 

  
    In figure 2, System generator based RGB-Y converter uses   
two multipliers for producing luma output, and it consumes 
five clock cycles for each RGB pixels. Each  pixel in this 
design are 8 bit width. The pixel bit size is restricted in this 
design are 8 bit. Because the  computational complexity is  
increased due to increasing the pixel width. 
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3. HARDWARE DESIGN OF MULTI PIXEL 
STREAMING BASED RGB-Y CONVERTER 
 
(a)Multi Pixel streaming based controller  
The multi pixel streaming controller provision of the three 
sets of inputs with three color coefficients at three times the 
clock rate of the system. 
Multi pixel streaming based color conversion Filter(RGB-Y) 
shown in figure 3. The designed architecture consists of 66 
flip-flops and 3 conjunction logic switches are used for 
streaming process. The counter performs the modulo-4 

operations and counts 00 to 11 respectively.             
For mode00 counter performs hold position and mode01 for 
Red image, mode10 for green image and mode11 for blue 
image pixels are enabled. 
Each time the RGB pixel is multiplied with the color 
coefficient pixels and generates luma(Y) output for each five 
clock cycles. This design reuse is useful for   image processing 
applications like RGB-Y conversion. 
 
 

Figure 3: Hardware architecture of Multi pixel streaming based color conversion Filter(RGB-Y) 

 
(b)Re configurable Base-2 common sub expression 
algorithm (BCSE) 
 
Re-configurable BCSE based Constant coefficient 
multiplication operation is done between the inputs and the   
coefficients of CKA, CKB and CKC. The word length of 8-bit  
for multiplier operation  can be written as, 
 

--(iii) 
The equation shows the xin is the input image sample and 
a0-a2 shows the constant Coefficients related to color 
coefficients of RGB Image.The constant coefficient multiplier 
performs multiply operation between constant colur 
coefficients and each one of the R,G,B values. The output is 
stored as luma  output or gray scale image. 
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Fixed and re-configurable constant color coefficients 
(CKA,CKB,CKC) are loaded into the BRAM and each time 
perform the luma(Y) output, for each RGB values are 
depicted in  figure 4. The hardware reuse based multiplier and 
adder each time luma output generated and it stores in buffer 
registers for each 3X3 window. 
 

 
Figure 4: 3-bit Base-2 common sub expression elimination 
algorithm (3-BCSE)[9]. 
 
4. Results and Discussion 
The designed architecture is shown in fig.5, simulated using 
system generator and synthesis using Xilinx vivado and 
hardware implementation using kintex-7 FPGA. 
 

 
     Figure 5.Simulation results of RGB-Y converter 
 
Figure 5 shows the Simulation results of RGB-Y converter , 
xilinx Isim simulator performs the given input with RGB 
samples and color coefficients. For each luma(Y) output can 
takes 5 clock cycles. The RTL schematic shows the Top 
module of RGB pixel streaming, multiplier and adder are 
depicted in figures 6 and 7. 

 

 
     Figure 6: RTL diagram of RGB to Y Conversion  

 
Figure7: Top module of   RGB to Y  conversion  

 
The RTL schematic of RGB-Y converter gives the 
information related to the different logic resources are used in 
the design are RGB pixel streaming and multiplier routing  
connections are depicted  in figures 6 and 7. 
 
Table 2: Computational Complexity analysis of proposed 
architecture for RGB-Y converter. 
 

 
 
 Computational complexity of designed system  is 24.04 nsec 
for each 3-RGB pixels. The hardware utilization proposed of 
design is very less compared existed system. The 
computational complexity is reduced by using proposed pixel 
streaming and multiplier efficiently is shown in table 2. 
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  Table 3:  PSNR of input RGB with Y image 

 
 
In the above the conversion error for both software and 
hardware is shown in table III. The conversion error is less in 
hardware compared to the software. For real time applications 
the conversion error up to 5% is tolerable. The designed  
system used classical  clock gating(CCG) technique [11]  
reduced the dynamic power from 45% to 50% of dynamic 
power is shown in table V. Even though the resource 
utilization is increased, the power consumption is decreased. 
 
Table 4: RTL Implementation and Design summary: 
 

 
 
From the table 4 the complexity is increased by increasing the 
word length. The hardware complexity is increases slightly 
but decreases the power dissipation.  
 
Table 5: Comparison of power analysis, with and without 
clock gating techniques: 
 

 
 
The clock gating technique reduces the power dissipation 
upto 50%-55%. and it is shown in table  V  for various word 
lengths.  

Table 6: Computational complexity analysis of existed and  
Proposed system. 

 
The proposed system is superior compared to the existed 
systems [1],[4]. It uses less complexity compared to the 
existed system is shown in table 6. 

4. CONCLUSION 
The designed RGB-Y filter gives a luma output for every RGB 
pixels with three times the clock rate of the system. The 
designed multi pixel streaming designed with intelligent 
clock gating so that the power dissipation is reduces upto 
45%-50% for different data widths. The designed multiplier 
also reduces the computational complexity and produced 
output for every two clock cycles. The overall architecture 
design of Color space converter (CSC) used less number of 
resources and critical path delay is 24.04nsec for each RGB 
pixels. The PSO based RGB Coefficients for different values 
are optimized and gives better PSNR and lower mean squared 
error. The computational complexity of designed architecture 
is changes with word length. The optimal word length used by 
color space converter power consumption is 204 mw.  
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