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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. 3. Histogram of applying transformation function
of uniform distribution and rayleigh distribution

Fig. 4. Bilinear interpolation with adjacent blocks at
Pixel P from (i, j) region
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Fig. 5. Simplified schematic of the rayleigh CLAHE

2. FPGA design and implementation
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2.2. The 2™ stage of CLAHE
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Fig. 7. Distribution waveform signals generated in the
redistribution step 2
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Fig. 9. Simplified schematic of the Bilinear
interpolation logic

3. Experimental Results

FPGA 47| 7152 Fig. 103 2o] F3atict. WA Add
& Matlab®] “adapthisteq” $°% rayleigh CLAHE®?] A}
&S WA golsitl. gl FPGA AlEdolAdS 43317]
A AP DAE Matlabol A text A& dlolez A}l
Xilinx®] Vivado oA <gHoez ALE3ke]  function
simulation =& Th 28] FPGA A& o)A &gkl
text FUE Matlabo 2 $ojebA] R Bl G0z ZE s
& BFSTh 3 FPGA &3 o] dizn] /el o]FHE=A

=g te] Matlab 37 2343} FARAIE SRl 2
#a %2 07 Post implementation simulations 433}
Agho] Z2AE G5t



FPGA implementation using a CLAHE contrast enhancement technique

in the termal equipment for real time processing 45

generate a test perform Post
I — 2) image in text 3) s?:gg""gm,"ifh“f:s‘ () Implementation
98 ™" format using ™ image using Vivads tool Simulation with test
Matlab tool image using Vivado tool

[

generate image from

generate image from

simulation result simulation result
using Matlab tool

using Matlab tool

(5

inspect a
rayleigh CLAHE inspect a

inspect a
rayleigh CLAHE rayleigh CLAHE

output of output of FPGA output of FPGA

Matlab

= 5= ghgort 229919 AIRE Skl A W
Ae @ g gkl el #EgrE Ak, F HA 2
AXE AEA JHEe kel ofd ZHdd 9
Ahel RSk oA AR B|go R Wk
Fig. 119] A9 A HA o] 57] EZof tha] ClipLimit
HoZ Agke S| AELHE T8 FA o BY
< AEasks % 40]‘:} CH Y rayleigh JgE Alikst
e

= 3pgeln], DRl 2uAl Zelglel o] PEHd 74 2
A 250 wagel sl w) WakE o] ofF AYn
48 ekl A% CLAHE Wae glo] 225)E 2ol

Fig. 11. CLAHE timing diagram in the image block
of the first row

Fig. 12+ ¥ B713kS 7= 493 of
A= g o] Al = 4l Wﬁﬂ’ﬂ ok
A-g-ste] vlask Aot Fig. 12(a)& Al
36& 7= 3 ol WYIRkE T &l
ow, o] MAHORE ofFARE Hola £9 F25 d]
= AElolth. Fig. 12(b) MatlaboZ [10]¢] uniform
CLAHEE 33 A=A /\1‘5‘%‘%011 v A H et 7} &
dEo] 9 FH47H AEo] FHIA FEEH| Hole As &
Q1 = itk AT A|F Gl ]3| dtso] Wol AxE| o
Y 8 Hole A& #91d 4= ) Fig. 12(c)& Matlabl
2 rayleigh CLAHEE 483 A%}2A] uniform CLAHE®| H]
A TS A A2EHIAR 2L o JA Hole AS &
olgh 4= <t} Fig. 12(d)= FPGAA rayleigh CLAHEE 4=
83 A3 24 Matlab] rayleigh CLAHES} $-A13 2312 B
ol thh o AW Hole s 1l 4 gt

(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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S| ~E9 Ajo] F7bE AR 30fpse] 1280x1024 3=
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FH o2 ©4/F4 daEFe] FPGAU 7 7+d€E 4
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