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Abstract 
 
Energy efficient image compression and transmission techniques play a vital 
role to define nature of a system. Image compression encodes the original 
image with few bits for energy efficient transmission. Choosing proper 
interfacing unit helps in energy-aware transmission process. The proposed 
paper deals with energy efficient image compression technique and 
algorithms and the interfacing process to the system for image transmission. 
The proposed existing model exhibits the transmission of image in bit stream 
from transmitter to the display.  Image compression is performed on the data 
pixel values and forwarded to the next blocks. The process involving 
segregation of image based on the pixel intensity values and compression is 
Discrete Wavelet Transform (DWT). The image pixel values are taken and 
given based on the type of board used in performing image compression. The 
flow of data to and from FPGA is in bit stream. Implementation of image 
compression is done using FPGA with single board computers viz. beagle 
board/ raspberry Pi/ Arduino.  
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1 Introduction 
 

An image exists in several formats which is pictorial representation of 
data. Several techniques can be incorporated in its efficient transmission 
which includes compression, noise removal and detecting the edges of the 
image by detecting the discontinuities in brightness of the image. These 
techniques enhance the image processing in improving efficiency by reducing 
the redundancy.  Image compression is one such method in compressing the 
image pixels to lesser values in turn reducing it to lesser number or few 
numbers of bits. A compressed image is represented with very less number of 
bits making it for efficient transmission. It includes both lossy and lossless 
compression depending on the recovery of original image. Original image 
can be recovered without any loss in the bits using lossless compression 
whereas the originality may miss for a lossy compression. Image 
compression model is illustrated in fig.1 
 

 

 

 

 
 

Fig.1. Encoder & Decoder – Image Compression Model 

 
For any application, cost and utilization of energy to transfer image to 

destination is of equal importance along with implementation of energy 
aware compression technique. Transmission energy depends on the hardware 
and the way of transferring the image. It is preferred to transfer an image 
after compression leading to energy efficient process rather than transmitting  
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the image without compression (uncompressed image).  The system 
performance of an application for energy efficient image communication can 
be enhanced by decreasing image compression computations that are 
involved in the compression process.  For embedded applications, „LZO” and 
„bzip2‟ lossless data compression algorithms are presented that benefit the 
communication to combat rising energy cost [1,2].  The quality of the image 
is dependent on consumption of energy while compressing the image and 
also during transmission process. For JPEG2000compression, maximum 
energy is consumed due to its high complexity. For better image quality and 
distance of transmission, algorithm to be defined that result in best 
parameters. Energy tradeoff with quality and speed with various quantization 
tables omitting high frequency components are examined [3,4].  Image 
detection algorithms with labview and FPGA based energy aware lossless 
image transmission after image compression are presented suitable for 
various applications [5-8]. With the energy-aware algorithms, image 
compression finds its application in IoT, wireless networks, embedded 
transforms etc., [9-11] 

The proposed paper deals with such image compression technique using 
various hardware interfacing circuits. Energy-aware image compression and 
transmission is performed using FPGA interfaced with beagle board through 
I2C protocol. This can also be implemented using Raspberry pi or Arduino 
board. This paper includes various comparisons in specifications of the 
boards and their implementation in compressed image transmission. Section 
2 details DWT coding image compression process which is suitable for 
JPEG2000 image compression standard. Section 3 illustrates the energy-
aware transmission process with the proposed hardware and the interfacing 
units. Section 4 provides the comparison of different hardware specifications 
suitable for energy-aware single board computers and the same is concluded 
in section 5.   

2 Energy-aware Image Compression Algorithm 

The process of reducing or minimizing the quantity of information is 
called compression. Wavelet coding is one among various compression 
techniques that include two types of transforms viz., Discrete Wavelet 
Transform (DWT) and Discrete Cosine Transform (DCT).  Image 
Compression algorithms detailed classification is depicted in fig.2, lossy 
compression techniques will be based on DWT and DCT based algorithms. 
DWT and DCT are most widely used for Joint Photographic Experts Group 
(JPEG) compression standard. 
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           Fig.2 . Image Compression algorithms- Classification 
 

The raw images given as input are transformed to machine accessible 
form by applying various algorithms. Applying transforms like Fourier 
transform, DCT, DWT etc., allows the researcher to analyze easily as more 
information can be extracted. Image compression algorithm based on the 
transforms will proceed in three steps viz. transformation, quantization and 
entropy encoding. Image compression algorithm performance is determined 
by how the input data is re- represented by reducing the original size termed 
as image quality.  Apart from image quality few more factors that determine 
the performance of the algorithm are mean square error, PSNR, SSIM, 
Compression ratio CR, Computational complexity and Energy Consumption.   

DWT is a transform technique for an image to process and analyze. 
Though DCT speed and efficacy made it preferable for JPEG standard,  in 
comparison with DCT, DWT gained more attention . Wavelet transform 
permits for image analysis and to gouge out the significant sample 
components and it overcomes the limitation of block artifacts of DCT [12-
14].  DWT can retain the original data information[15] i.e., time (space) 
information along with frequency.  In comparison, DWT provides high  
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image quality and compression ratio at a tradeoff with memory concerns as 
illustrated in Table.1. Image analyst is concerned with this low memory  
research in DWT. The coefficients of the wavelet transform are entropy 
coded.  Though DWT is typically computationally complex, it is an intensive 
transform at higher compression ratio as it can provide better compression 
efficiency than DCT. 

      

                  Table 1.DWT versus DCT 

 

 

 DWT DCT 

Image Quality High Low 

Edge Correlation Good Poor 

Significance Identification  Very High Moderate 

Compression Ratio High  Low 

Localization Very good Moderate 

Memory requirement High Low 

Power Consumption High Moderate 

Complexity High  Low 

 

 

For energy-aware transmission of images, the compression algorithm 
should be able to compress the image with an acceptable quality of the image 
with possible degradation. On a whole this in-turn depends on computational 
cycles. The proposed existing model exhibits the transmission of image in bit 
stream from transmitter to the display.  Image compression is performed on 
the data pixel values and forwarded to the next blocks. This compression 
takes place according to low and high regions of the given image. The low 
and high values are corresponding to the pixel intensity values of the given 
image segregated into regions with respect to the compression ratio to be 
performed. The process involving segregation of image based on the pixel 
intensity values and compression is DWT (Discrete Wavelet Transform) 

The methodology of image compression using DWT includes: Division 
of image into row and column matrix, segregation into even and odd values 
and deriving the equations for the divisions performed for any image that is 
considered. The input image taken is initially divided into row and column 
matrix as shown in fig.3. Then these are taken into corresponding even and 
odd values with respect to the compression ratio to be performed. Fig.4 
shows the process involved in the compression of image with the ratio of one 
forth to the original image.  
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                                    Fig.3. a) Row and column division  b)Sub-band Contents 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 Fig. 4. Division into even and odd components  

 

 

Any input image given to the system can be further divided into the 
corresponding even and odd components and the image compression takes 
place as shown in Fig. 5. The compressed image pixel values are converted 
to bit stream and dumped on to the board. 
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 Fig. 5 Compressed Image 

 

 

This work makes use of lifting scheme where the wavelets are designed 
along with performing DWT.  

3 Image  Compression and Transmission with FPGA & 
Single Board Computer 

The model shows the transmission of an image and display on the screen 
using various interfacing units. These help in transformation of an image and 
transmit efficiently using specific hardware and software technologies. The 
speed of transmission and efficiency depends on these interfacing units 
provided between the transmitter and the display.  The proposed system is as 
shown in fig 6. The hardware required in performing the image compression, 
dumping compressed image pixel values on to the board and then display it 
includes 
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Fig.6. FPGA Interfacing Model  

 

3.1 FPGA 

It is the interfacing device which takes the image pixel values and 
conditionally forwards it to the implementing boards in the process. This 
board works according to the operating system of the board specified. The 
image pixel values are taken and given based on the type of board used in 
performing image compression. The flow of data to and from FPGA is in 
bitstream. 

3.2 Beagle Board/ Rasberry Pi/ Arduino 

The proposed model works with beagle board where the interfacing of it 
is done through I2C port of FPGA. The image input taken from the PC is 
compressed using DWT and given to the board using FPGA. The usage of 
board reduces the hardware complexity and increases the speed of process. 
This model can further be implemented using raspberry or arduino boards 
which perform the similar operations. Arduino is microcontroller based 
board with increased specifications in storage and implementation. The 
connectivity of the board through FPGA can be done using I2C port. This 
board still simplifies the connectivity of the devices externally to achieve the 
required output image. Raspberry PI is similar to that of beagle board 
working on operating system for execution. The operation is similar to that of 
the other boards which vary in terms of speed and relativity in execution.  

3.3 Display  

For other modules specified, the display is used as another PC which is 
connected to both transmitter section and receiver section. This complexity in 
hardware is reduced by replacing both transmitter and receiver sections by 
board and the display can be a single device like HD LED TV connected to 
the board.  
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SRAM of the FPGA is programmed for the proposed DWT process for 

image compression by converting in to stream of bits.  XPS (Xilinx Platform 
Studio) is used for this process to dump on FPGA. The image given as input 
is resized using MATLAB and the process of conversion is carried out. 
Header file is generated after the conversion process that consists of the pixel 
values.  Compression coding process is carried as specified in section 2. 
Using MATLAB,  GUI (Graphical User Interface)  is developed  for the 
display of  input and compressed image. Bit stream is downloaded to SRAM 
with source and header files, by setting the memory to starting address. As 
depicted in fig.6, PC is installed with XPS platform and VB (visual basic ) on 
the computer.  

 
 
3.4 I2C Protocol 
 

The Spartan 3E XC3S500E is the FPGA used which acts as I2C Bus  
master. Microcontroller interface provides the data bits and the address bits 
where the address is for specifying the unique address of the device to which 
the output should be received.   

Depending on the specification of the I2C protocol SCL and SDA, the 
transmission is carried on using the condition START and STOP. Using 
VHDL programming, image compression coding is done on FPGA at the 
output the generated bit streams are received 

 

4 Comparative Analysis and Results 

Implementation of image compression using FPGA can be implemented 
using beagle board/ raspberry Pi/ Arduino. With the comparisons in the 
technical aspects of these boards, best outcome can be achieved. The table 2 
shows several such technical aspects of the three mentioned boards and their 
comparisons in the execution. 
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                            Table 2: Technical Aspects- Comparison of Beagle board, Raspberry Pi, 

Arduino. 
 

 

Technical 

aspect 

Beagle board Raspberry Pi Arduino 

Board 

configuration 

Mini –

computer 

Mini – 

computer  

Microcontroller based 

board 

Operating 

system 

Requires OS  Requires OS Works on 

microcontroller 

Processor ARM Cortex-

A8 

ARM 11 ATMega 328 

Memory 512 MB DDR3 512MB 

SDRAM 

32 KB of which 0.5 

KB used by 

bootloader, flash 

memory 

2KB SRAM 

1KB EEPROM 

Clock speed 700MHz 700 MHz 16 MHz 

Input voltage 5V 5V 7-12 V 

I2C ports 2 1 2 

Speed Moderate Moderate Comparatively less 

Hardware 

complexity 

Moderate  Comparatively 

high 

Less  

Cost High Moderate Less 

 

The input image with corresponding pixel information display and the 
compressed image is illustrated in fig.7 and fig.8 respectively. The 
compressed image with energy-aware DWT algorithm implemented on 
FPGA resulted in optimization of energy consumption of 96.03%  and 
overcome the speed limitation of DWT as illustrated in fig.9. FPGA board 
interfaced with single board computers enhanced the processing speed of the 
system along with optimum quality after image compression. Fig.10 and 
Fig.11 depicts the simulation results with respect to master and slave bus 
using I2C protocol. 
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                  Fig. 7.  Image given as input                           Fig. 8.  Image after Compression with 

DWT algorithm 
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                  Fig.9. Compressed Image with DWT 
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  Fig.10. Master Transmitter 

 

 

 
                                                

            Fig.11. Master Receiver 
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5 Conclusion  

Energy-aware image compression and transmission technique is 
overcome with the DWT algorithm with FPGA and replaceable single board 
computers. Implementation of discrete wavelet transform (DWT) in high-
speed signal-processing applications delivers better response with proposed 
hardware resources. Wired or wireless technologies can be implemented 
using various interfacing modules. These are implemented at the source and 
receiver using separate transmitter and receiver blocks for input and 
compressed output image. The model exhibited the latest technology evolved 
boards Beagle Board/ Raspberry Pi/ Arduino replacing the transmitter and 
receiver with single board reducing the complexity, energy consumption and 
increasing the speed.  The ultimate result is that the efficiency of execution is 
enhanced and the tradeoff with speed and energy consumption is addressed. 
The energy consumption depends on the complexity of the algorithm, 
implemented platform and optimum implementation. FPGA based DWT 
introduces energy gain by the reduction of in data processing that resulted in 
better energy savings by 96.03%.  FPGA based hardware reported energy 
efficient image compression with faster processing and transmission.  
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