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FPGA implementation using a CLAHE contrast enhancement technique

the termal equipment for real time processing

Jin-Hyun Jung®

Abstract

In this paper, we propose an approach for real time computation of rayleigh CLAHE using a FPGA.

The contrast enhancement technique should be applied in thermal equipment having a low contrast

image. And thermal equipment must be processed in real time. The CLAHE is an improved algorithm

based Histogram Equalization, but the HW design is complex. A value greater than a given threshold

in CLAHE should be equally distributed on the other histogram bin, this process requires iterations

for the distribution. But implementation of this processing in the FPGA is constrained, so this section

was implemented on the assumption of the histogram distribution or modified the operation process

or implemented separately in the CPU. In this paper, we designed a distinct redistribution operation

in two stages. So FPGA was designed for easy, this was designed to be distributed evenly without

the assumptions and constraints. In addition, we have designed a CLAHE with the rayleigh distribution

to the FPGA. The simulation shows that the proposed method provides a better image quality in the

thermal image.

» Keyword : Histogram equalization, Rayleigh CLAHE, FPGA design.
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[I. Preliminaries

1. Related works
1.1 Contrast Limited Histogram Equal ization
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Fig. 2. Dividing the image with a resolution of
1280x1024 into block size of 256x256
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Fig. 5. Simplified schematic of the rayleigh CLAHE

2. FPGA design and implementation
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Fig. 7. Distribution waveform signals generated in the
redistribution step 2
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3. Experimental Results
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83 A3 24 Matlab] rayleigh CLAHES} $-A13 2312 B
ol thh o AW Hole s g 4 gk

(a) test image
.

(b) uniform CLAHE result by [10]

(c) rayleigh CLAHE result through Matlab tool

(d) rayleigh CLAHE result through the FPGA

Fig. 12. Comparison of contrast enhancement techniques
in low—contrast images
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(d) rayleigh CLAHE result through the FPGA
implementation

Fig. 13. Histogram of result image
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Table 4. Comparison of FPGA resource usage

Proposed [10]
Image resolution 1280x1024 | 640x480
Num. of block 20 (4x5) 64 (8x8)
Device Kintex—7 Virtex—5
Logic Num. of Slice 4664 3691
Utilization Num. of BRAM 40 32
Num. of DSP48 44 18
Max frequnecy 68.0MHz 101.3MHz

Table 12 [10]9} ¥ =&olA CLAHEE 3sl=9lo] +d3s}
= AH&g FPGA 24 A3 Ao Ag&ielrt, & =&
A= [10]ET O & I AdEE 7]'747] wj o] FPGA
Tl o detst oA T 28 &4+ (1017 9 Bol
A FPGA 7@l tf @otst z7dolt). 13]-1— [10]%= uinform
CLAHEE &3I4 9 ¥ =Fo| A+ rayleigh CLAHEES +
date] S| 2Ead Y dagdel F/FE Y TR
BRAM#} DSP480] ©] AREHIL oS & 4 vk 3R

[10]9} & =30 A A}-g8 FPGA ZA2o] 2 z}o]E Kol
231 Fig. 128 B3 & =%o] 28 & 499X ¢ #g

z}sj]-_% o) 01‘;],

[V. Conclusions
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oA 34 Aires Qs FPGA T@ell Alofo] 9l
CLAHEZ oj®"l 7140y Alefglo] ClipLimitahs %

49 4 9l FPGA A7 Weks ANk ek I
= oA & o £2 S AF8] $IE1A rayleigh

g RS 2Eaf ATE F718I0h rayleigh 39
S| ~E9 Ajo] F7bE AR 30fpse] 1280x1024 3=
Fdol disiA AATE A7t Tbeds Eelskalon FPGA
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FH o2 ©x/F4 dagFe] FPGAU 7 7+d€E 4
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