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ABSTRACT: 

Due to high rise in demand for video processing on hardware, FPGA (Field Programmable Gate Array 

implementation of various image and video processing algorithms has become a necessity. The field of image 

processing and video processing on FPGA is gaining popularity in the current research areas. In this paper, an 

efficient architecture for Colour Space Conversion (CSC) is presented. The paper presents the two architectures 

for RGB to YCbCr conversion and YCbCr to RGB conversion. The colour space conversion module is designed 

using Verilog HDL (Hardware Description Language) on Xilinx environment. A comparative study is 

performed by implementing the same design using MATLAB.  The experimental results represent that the 

performance of the implemented architecture is good when carrying out colour space conversion from RGB to 

YCbCr. It also has the advantage of being high-speed, low complex, and low-area. Both the blocks can be used 

for targeting on commercial FPGA devices. 

Keywords: Colour Space Conversion (CSC), Field Programmable Gate-Array (FPGA), RGB, YCbCr, Verilog 

HDL. 

I. INTRODUCTION 

Intelligent surveillance system is one of the most 

demand systems these days, because of better 

security[1,2]. Colour space conversion has become 

an integral part of image processing and 

transmission. Real time images and video are 

generally stored in RGB colour space. The 

bandwidth requirement is very high for transmitting 

images in RGB colour space. The human eye is 

more sensitive on brightness changes than the 

colour changes. Hence, if luminance-chrominance 

colour space is used for colour image transmission, 

data storage memory size and bandwidth can be 

reduced, and the process can be performed easily 

with a very tiny or almost unrecognizable colour 

change information. Further optimize the high 

bandwidth problem and reduce the bandwidth 

requirement for the images in RGB colour space by 

converting into other colour space such as YUV, 

YIQ and YCbCr for transmission. The choice of 

the colour space is dependent on the application 

and their requirement such as less storage, 

bandwidth or computation in analog or digital 

domains.  

YCbCr is a hardware-oriented colour model. When 

video processing is done in YCbCr colour space, 

we can get very high compression ratio and 

transmission rate, hence, in most image and video 

compression applications, usually the 

transformation between RGB and YCbCr colour 

space will be used. In this paper we present the 

architecture of a colour conversion module for 

efficient implementation of colour space 

conversion from RGB to YCbCr colour space using 

an FPGA based system. Alternatively the hardware 

can be realised using a DSP (Digital Signal 

Processor) or an ASIC (Application Specific 

Integrated Circuit). But as the need increases more 

systems are needed with better performance and 

shorter execution time. The FPGA (Field-

Programmable Gate Arrays), from now on named 

FPGA, are circuits integrated by arrangements of 

logical blocks that they allow reconfiguring as 

many times as necessary to debug their 

functionality, communicate with each other with 

terminals of entrance / exit by means of fences 

called communication channels. The size and speed 

of FPGAs are comparable to ASICs, but FPGAs 

are more flexible, its design cycle is shorter and 

parallelism gives a higher performance. 

II. COLOUR SPACE CONVERSION (CSC) 

The mathematical representation of colour set is 

called as colour space. RGB is the most common 

standard used for the display of image as it is most 

prevalent choice in display graphics. Any kind of 
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colour can be created using the combination of 

RGB[1,11].  

A colour space is a method by which we can 

specify, create and visualize colour. As humans, a 

colour can be defined by its attributes of brightness, 

hue and saturation. A computer may describe a 

colour using the amounts of red, green and blue 

phosphor emission required to match a colour. A 

printing press may produce a specific colour in 

terms of the reflectance and absorbance of cyan, 

magenta, yellow and black inks on the printing 

paper. 

A colour is thus usually specified using three co-

ordinates, or parameters. These parameters describe 

the position of the colour within the colour space 

being used. A colour space is a mathematical 

representation of a set of colours. 

 It cannot be used for processing of video as the 

frame buffer needs to have pixel depth and display 

resolution for each RGB component. This can be 

clearly explained with an example, assume the 

intensity of the given input image needs to be 

modified. In this process a unit need to be 

developed that needs to work on the entire three 

components independently and regenerate each 

RGB value and rewrite the new values on the frame 

buffer as shown in Figure-1.  

This process generally takes more time compared 

to other colour space such as YCbCr where we just 

need to work on only the intensity instead the 

colour component which makes the work faster and 

easy with less computational complexities 

involved. This colour space conversion system is 

best suited for the image and video processing 

during the long-distance transmission with 

effective use of transmission bandwidth.  

 

Figure-1: RGB to YCbCr Representation 

The change of colour space, the RGB colour space 

(red, green, blue) to the YCbCr space (luminance, 

chrominance) aims to improve the efficiency of the 

JPEG compression process. Indeed the eye human 

is not very sensitive to the alteration of 

chrominance. 

The conversion between the RGB colour space to 

YCbCr colour space is carried out using the 

mathematical expression as provided below: 
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The conversion between the YCbCr colour space to 

RGB colour space is carried out using the 

mathematical expression as provided below: 
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III. PROPOSED CSC ARCHITECTURE  

In this section, hardware architectures designed for 

RGB-YCbCr and YCbCr-RGB colour space 

conversion is described. The architecture has been 

designed in accordance with the colour space 

conversion algorithm. The Colour space conversion 

block contains two modules RGB to YCbCr and 

YCbCr to RGB. The Figure-2 shows the two 

modules of colour space conversion system. 

http://jespublication.com/


www.jespublication.com Page No:339 

Vol 10, Issue 11, Nov / 2019 
ISSN NO: 0377-9254                                  
  

 

 

 

 
 

 

 

 

Figure-2: Two modules of Colour Space Conversion Block 

The RGB to YCbCr Colour Space Converter 

module implements the equations to convert 24-bit 

input RGB colour samples to 24-bit YCbCr output 

samples. The YCbCr to RGB Colour Space 

Converter IP module converts vice-versa of the 

RGB to YCbCr. Both the convertors use 4:4:4 

sampling format. Both the modules take data 

enable, horizontal, and vertical sync signals as 

inputs and pipeline them accordingly to match the 

conversion video data outputs. To convert the 

floating point constants into integer multiplication, 

the floating point constants are scaled by 

multiplying these constants with 215 = 32768. 

Then after the computation of the above equations, 

the output is divided by the scaling factor 215 = 

32768. 

The top level signal diagram for RGB to YCbCr 

colour space conversion module is shown in 

Figure-3. And the top level signal diagram for 

YCbCr to RGB colour space conversion is shown 

in Figure-4. 

 

Figure-3: RGB to YCbCr Block 

 

Figure-4: YCbCr to RGB Block 

The detailed architecture for RGB to YCbCr colour 

space conversion is shown in the Figure-5. The 

implementation of colour space conversion starts 

with the Matlab verification followed by 

architecture development in Verilog HDL coding. 

First, we begin with realization RGB to YCbCr 

converter Xilinx. The RGB to YCbCr converter 

module design is based on the matrix expression 

(1). 

 

Figure-5: Architecture for RGB to YCbCr 

conversion 

The detailed architecture for YCbCr to RGB colour 

space conversion is shown in the Figure-6. The 
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YCbCr to RGB converter module design is based 

on the matrix expression (2).  

 

Figure-6: Architecture for YCbCr to RGB 

conversion 

The conversion matrix for YCbCr to RGB 

converter is the inverse matrix of the RGB to 

YCbCr converter. For implementing these 

architectures we require 9 multipliers, 3 adders and 

3 subtractors in case of YCbCr to RGB conversion. 

IV. SIMULATION RESULTS & 

EVALUATION 

The proposed FPGA implementation of image 

colour space conversion has been coded in 

MATLAB and tested first in order to ensure the 

correct working of the colour space conversion 

developed. The tests have provided satisfactory 

results. Subsequently, the entire design has been 

coded in Verilog HDL and has been synthesized 

and simulated using Xilinx ISE 14.7. The 

simulation waveforms for both RGB to YCbCr 

conversion and YCbCr to RGB conversion are 

shown in the Figure-7 and Figure-8 respectively. 

 

Figure-7: Simulation result for RGB to YCbCr 

conversion 

 

Figure-8: Simulation result for YCbCr to RGB 

conversion 

The RGB to YCbCr and YCbCr to RGB 

conversions are quite simple but they require a 

large number of resources. This is because each 

output channel is a linear combination of the 

inputs, so the forward conversion requires 9 

multipliers and the backward conversion requires 5. 

The following figure-9 shows the MATLAB 

simulation result for RGB to YCbCr and YCbCr to 

RGB conversions. 

 

Figure-9: MATLAB results for RGB to YCbCr and YCbCr to RGB conversions 
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The comparison among the MATLAB and Verilog 

HDL results are presented below to evaluate the 

accuracy of FPGA implementation. The Table-1 

gives the comparisons for RGB to YCbCr 

conversion details and the Table-2 gives the 

comparisons for YCbCr to RGB conversion details. 

Table-1: Comparison for RGB to YCbCr 

conversion 

R G B 

MATLAB 

Result 
FPGA Result 

Y Cb Cr Y Cb Cr 

25 0 2 23 125 139 22 125 138 

0 0 11 17 133 127 16 131 128 

 

Table-1: Comparison for YCbCr to RGB 

conversion 

Y Cb Cr 

MATLAB 

Result 
FPGA Result 

R G B R G B 

23 125 139 25 0 2 23 0 4 

16 131 128 0 0 11 0 0 6 

 

V. CONCLUSION 

An efficient Design and architecture of colour 

conversion module designed in Verilog HDL that 

can be implemented on FPGA has been presented 

in this paper. The advantage of the architecture is 

that the same module can be used for both RGB to 

YCbCr colour space conversion and vice-versa 

with change in parameters. The designed colour 

space conversion module was verified by 

comparing the output of the designed module with 

the output of colour conversion module present in 

MATLAB. 
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