A new approach FOR REAL-time histogram equalization using fpga

Abduallah M. Alsuwailem and Saleh A. Alshebeili

Department of Electrical Engineering, King Saud University, Saudi Arabia

Abstract

This paper presents a novel design for real-time histogram equalization based on field programmable gate arrays (FPGAs). The design is implemented using non-conventional schemes to compute the histogram statistics and equalization in parallel. Counters are used in conjunction with a dedicated decoder specially designed for this purpose. The hardware is fast, simple, and flexible with reasonable development cost. The proposed system is implemented using Stratix II family chip type EP2S15F484C3. The maximum clock frequency can reach up to 250 MHz. In this case, the total time required to perform histogram equalization for an image of size 256X256 is 0.262ms.

1. Introduction

Histogram equalization (HE) is an effective technique for image enhancement. It has been widely used in diverse fields that include radiology [1], thermal imaging [2], radar image processing [3], and speech recognition [4].

The basic idea of HE  simply relies on introducing   larger weight on the dominant pixel gray levels of the input image that occur frequently and less weight on the other gray levels.  That is, it flattens and stretches the dynamic range of the image’s histogram based on the probability  distribution of the input gray levels. This transformation  increases the user sensation to the field of view by making the transformed image is more suitable than the original image for the intended application. In practice, the process must be performed in real-time manner where  pixel gray levels are captured on-the-fly.

The first step in HE is to compute histogram statistics of the captured image. A transformation look-up table that contains the modified new pixel gray values is then constructed.  Each input pixel level is mapped to the corresponding output pixel level using this transformation table. The whole process must be performed during the frame display rate time, which necessitates the use of high computational speed for real-time processing.

Recently, there has been an interest in considering the computational aspects of HE taking into account the great opportunity offered by FPGAs. The appearance of FPGAs has resulted in enormous possibilities for the implementation of sophisticated algorithms of high complexity, in a variety of important applications, by using low-cost, very efficient, high-speed, reconfigurable hardware. Research effort towards the application of FPGAs for HE computation has been reported.  In [1],  a combined Software/Hardware histogram equalization scheme based on FPGA and controlled via PC interface is described. It can be used in a  user-friendly manner with flexible configuration capabilities. The histogram statistics and equalization are realized in the traditional way  using memory Read/Increment/Write sequences. The time required for the computation of histogram equalization is 50ms when the clock frequency is 30 MHz and the image size is 256X256 pixels. The approach of [1] has the disadvantages of being slow and sophisticated, which prevent its use in real-time processing. However, the scheme is designed for a special case of medical application where the high cost is justified and the real-time processing is not required.

In [5], image enhancement is performed by what is called gray rearranging that is based on histogram equalization. The enhancement method is implemented using both DSP and FPGA hardware architectures in conjunction with software programmable environment. This hardware 

configuration  is not capable of acquiring the image pixels in real-time. To solve this problem, only one pixel in the adjacent three pixels is captured and processed. It is claimed in the paper that this reduction in the pixel gray levels representation can fully reflect the gray character of thermal images due to their inherent low resolution.

In [6] and its slight modification presented in [7], a  simple and straight forward method to realize  the HE algorithm with reasonable cost and reduced development cycle is presented using  FPGA. The proposed  circuit is performed in two serial phases. First, the stream of  the digitized image pixel gray levels (256 levels) are logged in a serial form  and stored in  an image storage RAM (64KX8 bits). The next   phase is to compute the histogram statistics for this particular image. The constructed histogram statistics table resides in (256 locations and 16 bit data word) RAM. An additional decision circuit is  introduced in this design that has the function of skipping some of the Read/Write cycles when processing two or more successive pixels carrying the same value. However, this circuit is not useful since the design must consider the system worst case when adjacent pixel gray levels in the image scenario are not equal. Furthermore, the  minimum time required for histogram statistics and equalization computations for an image of size 256X256 and clock frequency 50MHz is more than 13ms. For higher dimensions of images (e.g. 512X512), the timing restriction of this hardware architecture increases by a factor of 4 which prohibits its use in some critical applications. In thermal imaging, for example, the processing time should not exceed the detector integration time which is typically not more than 20ms, assuming array size of 512X512 and image display at 50 frames per second.  

In this paper, a novel scheme for the implementation of HE is proposed using FPGA. The technique relies on constructing the histogram statistics and histogram equalization in parallel using counters instead of memory arrays that are commonly used in such computations. The operation of the counters is  controlled by a dedicated decoder which is designed to perform such a task. The use of  the counters in our proposed method has an advantage in that it reduces the processing time significantly; the number of clock cycles to update the contents of a RAM location is just one cycle as compared to three cycles required by the hardware architecture of [6].

2. histogram equalization

The histogram of a digital image X with gray levels in the range [ Xo, XL-1 ] is defined as [3] 


[image: image7.wmf]
where Xk is the kth gray level, nk is the number of times that the level Xk appears in the input image X, n is the total number of samples in the input image,   and     k = 0, 1,…, L-1. Note that p(Xk) is a probability density function  associated with the histogram of the input image X. A plot of nk versus Xk is called a histogram and the technique used for obtaining a uniform histogram is known as histogram equalization. 

Based on the probability density function, the cumulative density function is defined as 
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where Xk = x, for k = 0, 1, , L - 1. Note that c(XL-1) = 1 by definition. HE is a scheme that maps the input image into the entire dynamic range, [Xo, XL-1] by using the cumulative density function as a transformation function. Let’s define a 

a transformation function f(x) based on the cumulative density function as 
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Then, the output image of the HE, Y = {Yk)}, can be expressed as 

                                         Y= f (X)

     

         (4)
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Under the assumption that X0=0 and XL-1=255, it is not difficult to show that Yk can be reasonably simplified to take the form
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HE has high performance in enhancing the contrast of an image as a consequence of the dynamic range expansion that it performs.

3. proposed system 

In this section, a novel design is proposed for the implementation of high speed hardware for HE in real-time based on FPGA. The circuit relies on using a new scheme that implements the histogram statistics and equalization in parallel in much faster way compared to the previous attempts. The idea is simply to accumulate both histogram statistics and histogram equalization values using counters in conjunction with a special decoder that will be called hierarchal decoder. In our proposed scheme, each 16-bit RAM location containing the number of occurrences of the input pixel gray levels  is replaced by 16-bit counter. The significant advantage of using counters in this signal processing setting is that  the number of clock cycles required to increment the location value is only one cycle compared to three cycles in the RAM configuration presented in [6]. Fig.1 shows a simplified block diagram of the proposed system. The histogram circuit composed of three main units: (16-bit) binary counters, (8–256) hierarchal decoder and multiplexers. There are 256 counters.  Each counter is responsible for two tasks. The first task is to  calculate the number of the occurrences of pixel gray levels that range from 0 to 255. The second task is to simultaneously accumulate the current gray level statistics with the statistics of all pixels whose values are less than the current pixel value. The results of this accumulation process are the final histogram equalization values.  Since HE calculation is performed during the phase of computing histogram statistics, this adds an extra time saving. The implementation of such parallel steps is achieved  by introducing a hierarchal decoder which assigns an array input vector for counters enable inputs.

The Hierarchal Decoder (HD) is an (8–256) special  purpose decoder which has an  eight input lines and 256 outputs. Its function differs from the normal decoders that activate a unique  output for each input combination. Specifically, HD has the additional property in that all the outputs associated with inputs having gray levels higher than the current input pixel value are forced to take on high state. Therefore, the main function of the HD is to enable the counter assigned to the current pixel and all counters assigned  to pixels whose values are greater than the current one so that the computation of histogram statistics and transformation function f(x) are performed at the same time. 

To further illustrate the concept, let us consider the block diagram and  truth table shown in Fig.2. When the input combination is 0,  the only active output is O0 in  the normal decoder while in the HD all the 256 outputs (from O0 to O255) are active.  This sophisticated HD is designed using  Hardware Description  Language (HDL). 

Having described the function of the HD, the next step in the computation of HE is to load the Most Significant Byte of the contents of the 16-bit counters to the transformation look-up table via multiplexers.  The look-up table resides in 256X8 RAM. The Most Significant Byte is only considered, which is equivalent to division by 28 as required by Eq. (6).

.

The computation process of HE is governed by the timing and control unit. The main tasks of this unit are to initialize the transfer and generate the proper sequences and the required timing signals and addresses. It mainly consists of several counters and frequency division circuits controlled by the system master clock. The HE  starts by logging the digitized  pixel gray levels (8 bit) of the image   in real-time to the decoder input, which in turn enables the relevant counters to be incremented. This process is repeated (FFFF Hex.) times, till the last pixel in the image is reached.

4. System performance

The full implementation of the HE functional units shown in Fig.3 are built around  Altera’s FPGA Stratix II family single chip (EP2S15F484C3), which is selected by the compiler as the fastest chip available in the current license of  existing  software. The Altera Quartus II version 4.2 is used to design and simulate the circuit by exploiting its powerful capabilities like the various options of the design entry (schematic and HDL text editors), the detailed time simulation, timing analysis, and design fitting. For simulation purposes, a ROM is constructed within the chip and loaded with an image. The image is supposed to reside in 64K ROM. 

The hardware set-up is composed of four different components as shown in the block diagram of Fig.3. The compilation and time simulation reports show that the proposed system works properly. The simulated timing diagram for units addressing is depicted in Fig.4 and the transformation look-up table RAM contents is shown in the print out  Fig.5.

The compilation report shows that the maximum frequency to meet the worst case propagation delay in the design is 250 MHz; i.e., 4ns clock pulse.  This means that the computation for (256X256) image HE is 256X256X4 = 0.262 msec.This means that the complete computation for (256X   

256X256X4= 0.262 msec. 

5. CONCLUSION

FPGAs have become one of the prevailing technologies for fast prototyping and implementation of digital systems. The main goal of this paper has been to improve the computational speed of image equalization using FPGAs. Towards this objective, a new decoder has been designed for simultaneous computation of histogram statistics and histogram equalization. The proposed system is implemented using Stratix II family chip type EP2S15F484C3. This system has the advantages of being siple, flexible development cost. The time simulation results showed that this system is faster than that of  the previously published work [6] by  at least a factor  of three  when the two systems utilize the same chip clock. The maximum clock frequency can reach up to 250 MHz. In this case, the total time required to perform histogram equalization of an image of size 256X256 is 0.262ms. This increase in processing speed opens new avenues for the proposed system to be adapted in many 

critical applications where image enhancement is performed in real-time.
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                                                        Fig.1: The  simplified Histogram circuit.
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  Fig.2: The Hierarchal Decoder.    (a): Truth table                                                                           (b) :  Block diagram                                                                                   



                                                                            Fig.4: The Simulation timing diagram.


Fig.5: The computed transformation RAM contents.
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Fig.5: The computed transformation RAM contents.
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Fig.3: The HE circuit components.
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