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Abstract

This paper presents a high—performance software-hardware dehazing system based on a dedicated hardware accelerator for
the haze removal. In the proposed system, the dedicated hardware accelerator performs the dark-channel-prior-based dehazing
process, and the software performs the other control processes. For this purpose, the dehazing process is realized as an OpenCL
kernel by finding the inherent parallelism in the algorithm and is synthesized into a hardware by employing a
high-level-synthesis technique. The proposed system executes the dehazing process much faster than the previous
software-only dehazing system: the performance improvement is up to 96.3% in terms of the execution time.
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Fig. 5. Architecture of the hardware accelerator for dehazing process.
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[ 1 W] AR FAR
Initialize reg_I[REG_SIZE], z[SUB_REGION_SIZE],

and Y[SUB_REGION_SIZE] to zeros

2 for each pixel location x do
3 Read a hazy image pixel I[x] from global memory
4 reg_1[0] < I[x]
5 for i=0 to REG_SIZE do
6 | reg_I[i+1] < reg_Ili]
7 end for
8 n < x % SUB_REGION_SIZE
9 I — dark_channel(reg_I) /) oL Ad
10 | z[n] < distributed_sort(/“*) ~ // &4+ 44
11 Ylnl < rgb_to_gray(lzlnl)  // 7]
12 end for
13 z = argmax(Y) /) e
14 A < 1zl
/% 2. B BAR

15 for each pixel location x do

16 Read a hazy image pixel I[x] from global memory

17 reg_I[0] < I[x]

18 for i=0 to REG_SIZE do

19 | reg_1li+1] « reg_Ili]

20 end for

21 I «— median_dark_channel(reg_I) //v|t]et th=
Ad

22 7" — normalization(7™?) /137 Atsk

23 t < transmission_calculation( 7% //A <2k A4k

24 Jx] < scene_recovery(t, A, reg ) /9% =<
Write a dehazed image pixel JIx] to global
memory

25 end for
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OpenCL  kernel  pseudo-code for the

hardware accelerator for dehazing process.

Algorithm 1.

ESPEEERYS
ofst vk A <A
(P )t 2l 9% )
WL, 94 A3e 5 ) 2

A3,



50 OpenCL 7I29 &9 #& &Y J|&2 0188 185 2 MA ALEQl 2AZELO-5I=90] S& 27 2%Ed 2l
E 1. HMetsts e HMH A[AHESl FPGA AHY ALE E 2. oK M FEAIZEe] |
E ¥ & Faig Table2. Comparison of dehazing time.
Tablel. FPGA resource utilization and operating frequency 320x240|400x300|480x360
of the proposed dehazing system. e es]ol o7 xﬂ‘ﬂ 3150 | 4934 | 7920
320%240 | 400x300 | 480x360 & J B %%ﬁ%%‘, 55 72 | 121
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Fig. 7. Comparison of dehazing quality (a) original hazy image (b) dehazed results by the software-based dehazing
system, and (c) dehazed results by the proposed dehazing system.
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