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Hardware Architecture of High Speed HEQ for
Image Enhancement
Kibum Suh

Abstract: In this paper, the hardware architecture of high
speed HEQ, which can process full HD image and can be
incorporated in small size FPGA, is proposed. In order to verify
the efficiency of the proposed architecture, a reference C was
constructed and compared with other algorithms. The proposed
architecture has similar performance compared with previous
existing algorithm and can process image enhancement in high
speed. Synthesized FPGA logic has minimum 6.25ns period and
can process full HD image sequence at 60frame/sec. The SRAM
used is 10752 bits and the number of slice LUT is 119 out of 4420,
which is the number of slice LUT for XC6SL9. Unlike the retinex
algorithm, which requires pay royalties, the designed modules can
be used without royalties, and can be easily ported to small
FPGAs. The developed module can be used as a component of a
video camera in a DVR system or a surveillance system.
Index Terms: image enhancement, Retinex , iridix , small size
FPGA, high resolution image

The Comparison of Image Enhancement Algorithms
The Reinex algorithm is based on the fact that NASA's Land
and McCann have a logarithmic relationship between the
brightness of the image and the visually perceived sensation
and that the brightness of the image is given by the product of
the actual brightness. It is a method to increase the contrast of
the image by reducing the component of the illumination in
the image based on the fact and showing only the component
of the reflection.
I(x,y)=L(x,y) ×R(x,y)
(1)
where I(x,y) is observed image.
R(x,y)is percieved reflectance.
L(x,y) is percieved illumination.
In this case,
Log{R(x,y)} = log{I(x,y)} – log{L(x,y)}

I. INTRODUCTION
Today's law enforcement departments, government and
private business owners benefit from state-of-the-art
surveillance camera products that can provide incredible
image quality with valuable information. In order to improve
image quality at high resolution, high-speed processing is
required. The most widely used image enhancement
algorithms are Arm's iridix algorithm [1], NASA's Retinex
algorithm [2,3], and histogram equalization algorithm [4,5,6].
ALTERA uses Cyclone FPGA and implements the iridix
algorithm using APTINA camera sensor to enhance the
dynamic range of the pixel, thus realizing the camera system
with the same performance as the human eye. Quick logic also
sells reference designs using iridix algorithms. The iridix
method is a private resource of ARM. ARM sells ISP
solutions (Mali-C32, C52, C71) with iridix algorithm named
MALI Camera[1]. For this solution, source code is not open,
but the reference board and the binary code are provided.
When commercializing it, the license fee must be paid.
Nowadays, several papers have been proposed for porting
image enhancement algorithms to low cost FPGAs, and there
are Trends to implement by avoiding ARM iridix
algorithm[7,8,9]. Also, methods for image enhancement
method using multi-GPU are proposed[10,11]. In this paper,
we compare the performance of existing image enhancement
algorithms, develop a hardware structure suitable for small
size FPGAs, and develop low cost circuits suitable for full

It is possible to obtain a better image by using the image only
as the reflection component as the output. Therefore, in order
to obtain the illumination component, only the image
component at a large scale which does not depend on the
detail of the image is viewed (low frequency), and the
illumination component can be obtained from the image
obtained by Gaussian blurring the original image with an
appropriate scale. In the case of applying the multi-scale, the
reflection component in the Retinex algorithm is
St[i]={log(src[i])-log((gaussian fileter(s)*src)[i])

(3)

As shown in figure 1, the histogram equalization algorithm
obtains the cumulative distribution function (CDF) of the
luminance signal and adjusts the luminance component so that
the CDF is linear[12]. Consider the example below. The
histogram before smoothing is densely distributed between
100 and 200. After smoothing, small values of histogram are
distributed densely and large values are distributed widely,
and CDF becomes linear.
In this paper, we compared the retinex algorithm of NASA
with the HEQ method using own model, selected HEQ
method, and proposed HEQ hardware architecture which can
be ported to a small FPGA.

HD images.
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Figure 1. Histogram Equalization[12]

Figure 3.Comparison of Histogram Equalization and
Retinex Algorithm
(a) Retinex algorithm results
(b) Histogram Equalization results using our reference
C
II. THE PROPOSED HARDWARE ARCHITECTURE

Figure 2.Comparison of histogram smoothing and other
algorithms
Figure 2 compares the HEQ method developed in this study
with the Retinex[2,3] and iridix algorithms[1]. In the figure,
reference images are provided to illustrate the usefulness of
the iridix algorithm[1]. Figure 2 shows that the iridix image
shows the best results. Of course, this may be the best
matching image for the iridix algorithm. To avoid patent of
the iridix algorithm, the iridix algorithm was excluded from
the selection. Therefore, we selected efficient one of NASA's
retinex algorithm and HEQ method, and proposed an efficient
hardware structure for porting to a small FPGA.
Therefore, we implemented the retinex algorithm of NASA
and experimented with various images, and it is confirmed
that HEQ has similar image enhancement effect. Figure 3
shows the results of the case of Retinex and the method of
HEQ to identify the parking lot of the night image. From the
original image of the parking lot line, the results of the
Retinex algorithm and the HEQ algorithm can detect the
parking lot line to the same extent.
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A. input output interface
The input/output interface of the development board is
shown in figure 4. In Figure 4 (a), the camera interface is used
as the input of the circuit, and the output is sent to the DSP as
shown in Figure 4 (b) for H.264 encoding. There are four
types of signals output from the sensor. Each name consists of
PCLK,
LINE_VALID,
FRAME_VALID,
DATA.
FRAME_VALID indicates a period during which one frame
of the image sensor is being input from the image sensor when
the flag is 'HIGH', and Vertical Blanking interval during the
period when the flag is 'LOW'. Likewise, when LINE_VALID
is 'HIGH', it means a pixel input period of one line, and when
it is 'LOW', it means a horizontal blanking interval. In the
interval in which FRAME_VALID is valid, the
LINE_VALID signal becomes 'HIGH' by the number of lines,
and pixel values are input from the image sensor in
synchronization with PCLK in this interval
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Also, the pdf and cdf result values calculated in the (N +
1)th frame are applied to the (N + 2)th frame.
Figure 4. Input/output interface

(a)Camera interface
(b)DSP interface
Figure 4. Input/output Interface
B. Histogram equalization hardware architecture
To perform histogram equalization, the probability density
function (pdf) and cumulative distribution function (cdf) must
be calculated. In the figure 5, the pdf calculation part uses the
dual-port SRAM to obtain the pdf value, and the cdf
calculation part uses the single-port SRAM to obtain the cdf
value. Cdf value is calculated as shown in equation(4), where
H and V are the horizontal and vertical pixels of the image.
 acc  255

(4)
cdf  
 0.5 
 H V

For the calculation time of PDF and CDF, PDF is obtained
in a section where FRAME VALID is 'HIGH' in the Nth frame,
and CDF is calculated in a section where FRAME VALID is
'LOW', using the equation (1), as shown in figure 6. The
histogram equalized pixel value outputs the pixel value with
the calculated cdf result value during the Nth frame stored in
the SRAM corresponding to the address of the input pixel
value.

Figure 5. The proposed architecture of Histogram
Equalization

Figure 6. PDF calculation and CDF calculation time
C. Pdf calculation hardware
The pdf is obtained using the dual-port SRAM as shown in
figure 7. Since pdf is the pixel frequency and the pixel is valid
when PI_VS is 'HIGH', read and write operation is performed
during PI_VS is ‘High’ using dual-port SRAM to obtain pdf
value. In the above configuration, the read command is issued
one clock before the write command.
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Figure 7. PDF calculation Module
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D. Cdf calculation hardware

III. SIMULATION RESULTS AND DISCUSSION

Address_in[7:0]

In the case of the simulation, the test sequences for the
seven image sizes shown in Table 1 were tested for 300
frames and no errors were generated in the simulation. We
checked the error by checking the error of the pdf calculation
and the error of the output. For comparison of the errors,
Figure 10 shows two error values for the full HD sequence.
Error_out represents the error value of the output, and
error_pdf represents the error of pdf value at the end of one
frame. Figure 10 shows that there is no error in the 4th frame.
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Figure 8. CDF calculation Module
Figure 8 shows the CDF calculation module. It calculates
cumulative density function when PI_VS is low. As shown in
Figure 9, when write signal PI_VS is 'LOW', cdf value is used
as enable signal of single port SRAM. In the timing diagram
as shown in figure 9, the addr is sequentially increased from
the minimum brightness value (0) to the maximum brightness
value (255) of the pixel, and the cdf value calculated by acc is
written to the single-port SRAM for each addr.
PCLK
PI_VS

Figure 10. Simulation results for full HD sequence
The selected FPGA utilizes the Xilinx® XC6SLX9, the
lowest-end class of the Spartan-6 series. Figure 11 shows the
board made with the camera. This board performs the image
enhancement by the FPGA, and the DSP processes the image
with the H.264 codec and transfers it through the LAN. The
SRAM used is 10752 bits and the number of slice LUT is 119
out of 4420, which is the number of slice LUT for XC6SL9.
Table 2 shows the synthesis result using Xilnix ISE. The
result shows that the proposed architecture is designed to use
about 2% of the low cost FPGA XC6SL9, and the utilization
of memory is less than 10%.
Table 2.The synthesized results of proposed design

ACC_en
DPSRAM
OU

0

0

ACC

260

80

100

0

260

340

440 440

1

2

3

4

P1

P2 P3

P4

0

0

(H*V)

cs_en
Write_en
Addr:

0

DI

P0

254 255
P5

P6

N

Figure 9. CDF calculation timing Sequence
E. Support format
When calculating cdf, we calculate the bit width according
to the resolution of the luminance signal, and calculate the cdf
calculation result using the ROM table so that the multiplier
and divider are not used. Supported formats and bit width
need for CDF calculation are shown in Table 1.
Table 1.Supported format and bit width needed for CDF
calculation
resolution
720x240
720x288
720x480
960x240
960x288
1280x720
1920x1080

Width
720
720
720
960
960
1280
1920

Height
240
288
480
240
288
720
1080

Samples
172800
207360
345600
230400
276480
921600
2073600

Retrieval Number: H11270688S219/19©BEIESP

Bit width
18
18
19
18
19
20
21
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Figure 12(a) shows a photograph taken with a fluorescent
lamp turned on late. Figure 12 (b) shows the result of
processing the image input from the camera when there is no
light. Even though the color of the screen changes at this time,
it shows a good image.
IV. CONCLUSION

Figure 11. Camera module and FPGA module
In the case of logic synthesis, the synthesis is performed with
a period of 8 ns to the VIN_PCLK clock, and the minimum
period operates at 6.252 ns, and the operation can be
performed at the corresponding period of 13.8 ns at the actual
pixel clock frequency 72.5 MHz of image sensor. This
corresponds to a period in which full HD image can be
processed twice. Figure 12 shows the experimental
environment. Experimental environment was experimented
b y p o rt ing image en hance me nt module to FP GA,
experimenting with full HD image input and image
enhancement module in FPGA CHIP. In the figure, the output
image is processed by the camera with full HD (1920x1080)
input and processed through the VLC media player

(a)Late evening, with fluorescent lights on.

In this paper, we proposed architecture of ultra-high speed
HEQ hardware that can process Full HD video with small
FPGA. In the synthesized FPGA, the minimum cycle is 6.252
ns and full HD image can be processed in 60 frames. The
SRAM used is 10752 bits and the number of slice LUT is 119
out of 4420, which is the number of slice LUT for XC6SL9.
The result of the circuit synthesis is designed to use about 2%
of the low cost FPGA XC6SL9, and the utilization of memory
is less than 10%. The developed hardware could be included
in DVR system or surveillance system with low cost FPGA.
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(b) Recorded video without light
Figure 12. Experimental Results
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