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Motivation

Å Contact Sensing

ïBurdensome 

ïLabor-intensive

ïDestructive

Å Non-contact Sensing

ïStructural challenge

ïSunlight variety

ïPoor image quality

How can we enhance the image quality ?



Histogram Equalization

Input Image                ImageHistogram                   (a) Histogram Equalization (HE)
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Adaptive Histogram Equalization

Input Image   (b) Adaptive HE (AHE)      (c) Contrast Limited AHE (CLAHE)



Adaptive Histogram Equalization

Input Image   (b) Adaptive HE (AHE)      (c) Contrast Limited AHE (CLAHE)



Related Works

FPGA Based 
Implementations

HE

General HE Specified HE

AHE

Partially 
Overlapped

Fully  
Overlapped

CLAHE

HE Specified HE Specified HE 2 AHE CLAHE

- 720 Ĭ480 

- 122 fps

- Missing 

localdetails

- 128 Ĭ128

- 25 fps 

- For specific 

task

- 2.5Mpixels 

- 25 fps

- For specific  

task

- 640 Ĭ480

- 263.8 fps

- 128 block 

RAMs 

- 640x480

- 537.9 fps

- Extremely

memory 

depended (192 

BRAM)
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Existing CLAHE Implementation
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Existing CLAHE Implementation

Pros: 

ïReal-time implementation

ï537.9fps

ïThe speed of algorithm is  

independent from image size

Cons:

ïRequires 192x18K BRAM

ïLarger image size needs 320 

BRAM (1920x1080)

ïConsume large amount of 

logic resource 
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Contextual CLAHE
256 x 13 x 8 = 26.624 KB

4 row = 106.496 KB

256 x 9 x 640 = 184.320 KB (HB)

256 x 9 x 257 = 70.016K KB (THB)

Combine tiles via interpolation.
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Histogram Generation
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Histogram Distribution & CDF
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Interpolation Technique
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Contextual CLAHE
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HE for Color Image
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Y stands for the luma(the brightness).

U and V are the chrominance (color) components. 



Testbed
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Histogram Equalization Results

(a) Original Image (b) Enhanced Image
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Histogram Equalization Results

(a) FPGA (b) Matlab
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