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Introduction 

• dedicated hardware can be used instead 
of software solutions for image 
processing

• a histogram equalization is implemented 
in reconfigurable hardware



Histogram Equalization Algorithm

• a histogram is bar graph representation 
of the frequency of occurrence of 
brightness values in an image

• histogram equalizations creates an 
image with more equally distributed 
brightness levels



Reconfigurable Hardware

• VHDL

• FPGA

FPGA design flow



Methodology

• outputs derived for a 4x4 array

• algorithm implemented in MATLAB

• algorithm implemented in VHDL using 
ModelSim and ISE



4 x 4 array for initial testing
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Algorithm

Step 1: Histogram
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Step 2: Cumulative Histogram

Step 3: Transformation Matrix

Step 4: Equalized Image
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Modification for VHDL 

• type driven language

• array index differs from MATLAB

• signals and Variables

• for division, use shift register or design a 
divider

• no built-in function for rounding for 
unsigned numbers



Results in MATLAB



Results in MATLAB
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Results in VHDL

H 4 2 5 5

H_c 4 6 11 16

T 0 1 2 3



Using Shift Right for Division

• shift Right (SHR)

1110 0111 (14 / 2 = 7)

• rounding

1111 0011 (15/4 = 3.75)



Modify Step 3:

1. divide: SHR (x-1), where N*M=2x

2. round: if statement
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Algorithm Execution Time

• hardware

– 0.020 ns

• software

– 0.053 ms



Conclusion

• histogram equation algorithm 
implemented in MATLAB and VHDL 

• achieved the goal of faster computation 
in hardware.



Future Work

• synthesis design & download to FPGA

• implement thresholding algorithm

• implement a median filter algorithm
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