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Hardware implementation of automated haze removal

method capable of real-time processing based on Hazy
Particle Map
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Abstract

Recently, image processing technology for autonomous driving by recognizing objects and lanes through camera
images to realize autonomous vehicles is being studied. Haze reduces the visibility of images captured by the
camera and causes malfunctions of autonomous vehicles. To solve this, it is necessary to apply the haze removal
function that can be processed in real time to the camera. Therefore, in this paper, the fog removal method of
Sim with excellent performance is implemented with hardware capable of real-time processing. The proposed
hardware was designed using Verilog HDL, and FPGA was implemented by setting Xilinx's xc7z045-2ffg900 as the
target device. As a result of logic synthesis using Xilinx Vivado program, it has a maximum operating frequency
of 276.932MHz and a maximum processing speed of 31.279fps in a 4K (4096<2160) high-resolution environment,
thus satisfying the real-time processing standard.
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Table 1. Processing time in seconds of haze removal
algorithms.
B 1. QU0 HA Y2iE M|AZKsec) X fps.

Image Size Hel4] Kiml6] Sim(8]
320 X 240 | 4.11(=0.24fps) | 0.08(=12.5fps) | 0.10(=10fps)
640 X 480 | 17.83(=0.06fps) | 0.35(=2.86fps) | 0.40(=2.5{ps)

1024 % 768 | 46.82(=0.02fps) | 0.96(=1.04fps) | 1.07(=0.93fps)
1920 X 1080|143.86(=0.01fps)| 2.25(=0.44fps) | 2.54(=0.39fps)

4096 X 2160 - 11.09(=0.09fps) | 12.28(=0.08fps)
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Fig. 1. Flowchart of Fog Removal Algorithm.
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N

V. SIEHI0] Fo 2t X 85 It

2 =704 ARt st=glo] AAl= Verilog HDLE
23193, ModelSim T2 53] #5351 A
Qeh= st=glol7t 4K DCI EF(4096%2160) 39
A AAZE A7 7RsRtA] BRIk 138 XILINX Ak2]
Vivado Z2773S o]8slo] =adAdS AYstyict
Target Devicex= xc7z045-2ffg900°02 453t

Table 2. Summary of Xilinx Synthetic Result.

B 2 Xlinx g8 2448

Xilinx Design Analyzer

Device xC72045-2ffg900

Design Previous HW Proposal HW

Logic Utilization | Available | Used | Util Used | Util

Register (#) 437,200 | 66,682 | 15.25% | 67,112 | 15.35%

LUT #) 218,600 | 53,835 | 24.63% | 55,285 | 27.17%

Min. period (ns) 4.431 3.611

Max Freq. (MHz) 225.683 276.932

* The EDA tool was supported by the IC Design Education
Center.

3 2= 2-split, 3-split multiplier AME A, & SI=
ol9] 3|23 AFFolt}t. 2-split, 3-split multiplier

£ AEREO EH Register®t LUTS| 47} thar S716HA]
o, o} 54 FueE Fote] AR AY 71 T
Zol9ict. Ajtol= skEo1Y] Register?t LUTS] =2t
AeE2 22 67,11270(15.35%), 55,28571(27.17%)
olw, stEfo] &Y H4& F7]= 3.611ns, | 52
ZFu4E 276.932MHzo]th

fmax
(W+ HB)(H+ VB)

MPS = ?)

FA(7)2 st=do] oA 7MY £ d F=F]
THE T3 fps 9 FH A7 HE(Maximum
Processing Speed, MPS)°|t}. o714 f = Hf &
2 FE s Y 94 Hol, BB 4% 3, H
dg Y =ol, VB 2 FHS Yuigith & A
A AoKet AA= BB, vB7F SR FQskgich DCI
4K A EFQl 4096x2160 FAES Aeol=d ZHQ
3t 5 AlO|E 4= 8,853,617(=4097x2161)°131 L,
ARket st=gols o 31.279fps(=276.932x10°/
8,853,617)5 A 4= Utk o= & 30fpsE A
Sfof o= AT A 7ES TS

Table 3. Comparison of performance loss compared to
existing algorithm due to hardware design.

B3 SIS0 APIZ 913 JIE LTS O] A5
H|W
Dataset Input Method| MSE | SSIM | FSIMc | TMQI
Hazy(45) 0.0255 [ 0.7329 | 0.8036 | 0.8696
Ours
Hazefree(45) 0.0000 | 1.0000 | 1.0000 | 0.9324
O-HAZY
Hazy(45) 0.0226(0.7178 | 0.7874 | 0.8588
Sim
Hazefree(45) 0.0000 | 1.0000 | 1.0000 | 0.9327
Hazy(30) 0.0268 [ 0.7592 | 0.8442 | 0.7769
Ours
Hazefree(30) 0.0000 | 0.9997 | 0.9999 | 0.8958
I-HAZE
Hazy(30) 0.0254 | 0.7502 | 0.8337 | 0.7675
Sim
Hazefree(30) 0.0001 | 0.9997 | 0.9999 | 0.8955
Hazy(23) o 0.0783 | 0.7586 | 0.8665 | 0.7651
urs
Hazefree(23) 0.0032|0.9845 | 0.9898 | 0.9111
D-HAZE
Hazy(23) 0.0591 | 0.7760 | 0.8700 | 0.7879
Sim
Hazefree(23) 0.0046 [ 0.9832|0.9899 | 0.9154

H 32 stEfo] AA= IRt 7& darElE tiE] 4
s &4 BlaEolt. AR $A1H7 71E2 el AlA
I EAHG7to]| #ol= MSE(Mean Square Error),
SSIM(Structural SIMilarity Index)[12], TMQI(Tone
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Mapped Image Quality Index)[13]5 ARESILt.
MSE&= ¢ 9 23t G4 Ato]o] Aghe] Alol& &4
ste Aor fAF WEes Foh SSIM, TMQL
FSIMc= 247 24 AN, Q3E4E A % Ak
izt Y B7F Aol worE Sk B3 FAEIL
PE BT 0~ 1409 ZHe 7HAch E3SE datasetS
O-HAZY[14] 90%, I-HAZY[15] 60%, D-HAZY[16]
4642 AR&SIIHE Sim9] S AA dagjES &
HE st=fo] AAIE @45k ] flsl Aes9] HE &
2 Agkelr] W&o +0.5LSB(Least significant Bit)
o|ujo] a7t WSt wEbA|, 3 33} o] B7F 54
oflA e A5 &4lo] AT

V. g8

2 =RolA= Simo] ARt Y J4Y i d=
Aol weEbA | AATE 2485k Asst & B
& PN AAYE AAE A7t 71set stedol=
Astrt. AARE A7t 7hsstes sk sl &
HE £5 7= ¥ 719 A4S 2-Split Multiplier
9} 3-Split Multiplierg Argst] £EE FsHATt.
ARjtok= ol=glo] AAk= Verilog HDLZ Aot
Xilinx AR xc7z045-2ffg900= Taget deviceZ 7o}
o Vivado Z213Z S Jet 23} Slice Register
e Slice LUTY| ¢t MR 424 242 67,1127
(15.35%), 55,28571(27.17%)°1H, st=go] 522
& F7|= 3.611ns, FH 2 Fures 276.932MHz
ot EZH MPS7F 31.279fps= X4 AAZE A7 7%
Q1 30fps oMfelB= AAIE AE7t 7hsEE Helh
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