.@ ﬁ‘\i t % N S SCOPUS, Z5EHTI
~ - A E., REE E

Journal of Applied Optics

ETYHB— BN EREFHIERIHFPCASI

PrF LTl AR BRI

Image dehazing algorithm and FPGA implementation via improved rank-one prior

HU Haofeng, WANG Zihan, WEI Longchao, LI Xiaobo

SIHASC:

BTG, £, SR, S ST R — SR i BB L5 1 RO FPGASII]. RIHIGA, 2025, 46(5): 1011-1023. DOI: 10.5768/JA0202546.0502001

HU Haofeng, WANG Zihan, WEI Longchao, et al. Image dehazing algorithm and FPGA implementation via improved rank—one prior{J]. Journal of Applied Optics, 2025,
46(5): 1011-1023. DOI: 10.5768/JA0202546.0502001

TELR I BE View online: https:/doi.org/10.5768/JA0202546.0502001

T RO HA S R

Articles you may be interested in

ETHEETFREMBESRBENEREE

Image dehazing based on side window box filtering and transmittance correction

NI 2020, 41(5): 947-955  https://doi.org/10.5768/JA0202041.0502003

ETXMBYT HEBREZ M

Image defogging network based on dual learning

I Y622, 2020, 41(1): 94-99  hitps://doi.org/10.5768/JA0202041.0102005

458 LabZs [B] A1 R B Retinex 1) 3B M R R B H B

Adaptive image defogging algorithm combined with lab space and single—scale Retinex

I3 2. 2020, 41(1): 100-106  https://doi.org/10.5768/JA0202041.0102006

HTEZREZRERKXTER ML

Adversarial dehazing network based on multi-scale dilated convolution

I G2, 2020, 41(6): 1207-1213  https://doi.org/10.5768/JA0202041.0602004

FHTFPGA RS RS it Wit BV R IR vk M SR

FPGA-based real-time atmospheric turbulence image restoration algorithm and its implementation

I G2, 2021, 42(6): 1017-1024  https://doi.org/10.5768/JA0202142.0602002

FTFFPGA R BR B AR B LT

Image distortion correction algorithm based on FPGA

R 2020, 41(1): 86-93  hitps://doi.org/10.5768/JA0202041.0102004

PSEE (EFAVIN

Jo
S
an
e
¥
,E?t
=
il
E


http://www.yygx.net/
http://www.yygx.net/
http://www.yygx.net/cn/article/doi/10.5768/JAO202546.0502001
http://www.yygx.net/cn/article/doi/10.5768/JAO202041.0502003
http://www.yygx.net/cn/article/doi/10.5768/JAO202041.0102005
http://www.yygx.net/cn/article/doi/10.5768/JAO202041.0102006
http://www.yygx.net/cn/article/doi/10.5768/JAO202041.0602004
http://www.yygx.net/cn/article/doi/10.5768/JAO202142.0602002
http://www.yygx.net/cn/article/doi/10.5768/JAO202041.0102004

55 46 5 55 5 0] B Ot % Vol. 46 No. 5
202549 H Journal of Applied Optics Sep. 2025

X E RS 1002-2082 (2025) 05-1011-13

SIRAMER WIS, £ T, BpH, 4. 5T B0k sk— ST 86 i R 25 % 500k B FPGA 23 [1]. B I67E, 2025,
46(5):1011-1023.

HU Haofeng, WANG Zihan, WEI Longchao, et al. Image dehazing algorithm and FPGA implementation via improved rank-
one prior[J]. Journal of Applied Optics, 2025, 46(5): 1011-1023.

BE T Ut Bk —Jo g 1Y B R 2k 55 8k JOH: FPGA 51X

PEF I, REA, TR
(1. RHR 2 R AR 5O 7 LA B, Kt 300072; 2. RHRS: WHERL- 5 HOR % B, K 300072)

B ZABRZIFHAERGEFTERET REDN IR BRER AR EG, 25 B G H#E
R Ao Hok AR E WG, KRS AP R0 KA ARAE , 4F AT — R, AR GF R T
—# E & Bk 69 — £ 3 (rank-one prior, ROP ) %, jfid it T 4 42 1T 4 7] ( field programmable
gate array, FPGA ) BA+-F & 42 & H ok AT 20 % . & A A FPGA SHAT & 2 AL ., il i3 5] A= 4] A8
XML EEREGYR, HREFTE ST RN TIH; BB RAKSF B G5 %k, Bk
T /R ROP H-i% 5 R )G B P 69 4438 P AL, B B 0 AR AF 5 R4 & R s KOG IR BT 9 R L 5
WHEERB, RELFEWAWALR, FREREAN, ALARG T XRBRITFZERKTF
WHIF AN, A RERBABREH I mAFE MF L% Fiz A kB ERAE ZYNQT020 - A
M (21 K ANGZH T H R . 28.9% % 4% B R ), AL 1080 pixel B2 A B 54 ms, %I T 5 B4 4
B FER, EAHBR KERNERREAZEA,

RGEF: AR T R — AR EH R A A THBZHNES]; Lk

FE 4 2ES: TN201; TP391.41 MRAPRAETD: A DOI: 10.5768/JA0202546.0502001

Image dehazing algorithm and FPGA implementation via improved rank-one prior

HU Haofeng'”, WANG Zihan', WEI Longchao’, LI Xiaobo®
(1. School of Precision Instrument and Opto-Electronics Engineering, Tianjin University, Tianjin 300072, China;

2. School of Marine Science and Technology, Tianjin University, Tianjin 300072, China)
Abstract: The image dehazing algorithm restores low-quality images captured in hazy environments to clear
images. However, with the increase in image resolution and algorithm complexity, it is challenging to ensure
the real-time performance of the algorithm in practical applications. To address this issue, this paper studies
and improves a low-complexity ROP (rank-one prior) algorithm and enhances its execution efficiency through
an FPGA( field programmable gate array) hardware platform. Firstly, leveraging the parallel processing
advantages of FPGA, the algorithm incorporates spatial correlation and dark channel prior constraints to
eliminate interference from close-range and high-brightness areas. By optimizing the scattering rate map
estimation method, the improved algorithm resolves the artifacts present in images restored by the original
ROP algorithm while reducing hardware resource consumption. Finally, the clear image is obtained by solving
the estimated ambient light value and scattering rate map. Experimental results demonstrate that the improved
algorithm enhances the visual quality of images in scattering scenes such as fog and underwater environments.

The restored images exhibit more realistic colors and more details. Implementing this algorithm on the
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ZYNQ7020 development board (utilizing 21K LUT and 28.9% BRAM resources) processes 1080p images in

54 ms, meeting real-time processing requirements. This has broad applications in fields like autonomous

driving and deep-sea exploration.

Key words: image dehazing; rank-one prior; transmission map; FPGA; real-time
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Fig. 4 Calculation schematic of unified spectrum
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Fig. 11 Dehazing results obtained using different methods on RUSH data set
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Fig. 12 Dehazing results obtained using different methods on O-HAZY data set
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Table 1 Average quantitative results of evaluation metrics on RUSH and O-HAZY by different methods

RUSH O-HAZE
Method
STD NIQE PIQE STD NIQE PIQE MSE PSNR SSIM FSIM
CLAHE 0.165 2.858 42.717 0.157 2.978 11.729 0.041 14.389 0.479 0.983
CAP 0.183 3.132 49.452 0.128 2.522 18.609 0.058 13.032 0.234 0.954
DCP 0.179 2.994 45.569 0.14 2.853 11.617 0.023 16.858 0.388 0.968
ROP 0.256 2.908 46.87 0.211 2.859 12.31 0.063 12.999 0.433 0.98
Our 0.265 3.36 44.169 0.212 3.231 8.903 0.017 18.021 0.51 0.981
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Fig. 13 Restoration results of underwater images obtained using different methods and corresponding tricolor histograms
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image quality measure, UIQM) . 7K T & % K4 i &
P4 #% (underwater color image quality evaluation, UC-
IQE) . NIQE Al PIQE, UIQM #1 UCIQE AY{i # K,
e R4 s A9 SRR . ML ULEB Al UCCS
HOHE 4 43 S BE L 200 5K A 50 5K KA, T AEAS
PEO I8 b5 007 2 2 B A5 2R, SEERAE R LK 2, &% 0T

W48 b 1 S L 45 R Al IO 20w . D FRA% e 45
W] LUF M, AR O A UIEB $di 8, 00
FRAR A IR R I 78 UCCS B, UIQM
5 UCIQE A1 SAEMFEFR45 R, PIQE 547K T ROP
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Table 2 Average quantitative results of evaluation metrics on UIEB and UCCS by different methods

Methods UIEB UCCS

UIQM UCIQE PIQE NIQE UIQM UCIQE PIQE NIQE

TWST 3.88 0.53 46.6 3.83 3.40 0.51 41.3 4.73
IBLA 433 0.60 36.1 3,87 2.02 0.51 23.6 3.87
GDCP 3.92 0.57 27.0 391 1.89 0.50 34.0 493

ROP 478 0.62 22.5 3.36 4.65 0.61 211 4.22

Our 4.82 0.63 224 3.29 5.36 0.63 22.0 4.81

43 BUHTREBRERNN 5 Z5ig
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Table 3 Table of algorithm runtime statistics S

Size/pixel DCP CAP ROP ROP(GPU) Our(FPGA)
640x480 095 078 0.12 0.04 0.008
1280x720 251 156 033 0.07 0.024
1920x1080 571 3.1 0.80 0.12 0.051
2560x1440 10.15  6.80 147 0.18 0.097
3840x2160 2775 13.55 4.05 0.46 0217

x4 BHERBEEAFITR

Table 4 Hardware resource utilization statistics
Resource Auvailable Usage Utilization/%
LUT 53200 21074 39.6
FF 106400 25599 24.1
BRAM 140 40.5 28.9
DSP 220 24 10.9
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