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Introduction

Haze removal problem

Hazy image Haze-removed image
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Introduction

Single-image haze removal methods

Method Resolution Time
Tan (2008) [1] 600 x 400 5-7 minutes
Fattal (2008) [2] | 512 x 512 35 seconds
He et al. (2011) [3] | 600 x 400 | 10-20 seconds
Ke et al. (2013) [4] | 600 x 400 | 760 milliseconds

A system in [5] based on DM6446 SoC, using ARM and DSP cores
processes a full D1 720 x 480 frame in 1.7 seconds.
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Introduction

Problem description

Video processing application on target platform

» Very high input/output data rate (30 x 10% sample/sec.).

» High computational cost (many processes required for each
frame depending on the problem).

» High memory requirements.
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DM6446 DaVinci SoC

DMG446 v
Co-processor

VICP

ARM DSP

926EJ-S C64-+
300 MHz | | 600 MHz

TMS320DM6446 platform, where we propose a distribution of the
tasks of the algorithm among the heterogeneous processor cores:
ARM, DSP, and VICP.



Survey on haze removal Haze imaging model

Haze imaging model

I(x) = J(x)t(x) + A(1 — t(x)),

I is the observed scene (hazy image)

J is the scene radiance (haze free image)

t is the medium transmission

A is the atmospheric light

x = (w,y) are the horizontal and vertical positions of the pixel.
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Survey on haze removal Single-image haze removal methods

Single-image haze removal methods

Dark channel prior-based methods [3, 4, 5]

» Simple and effective.

» Provides good results in most cases.
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Ke et al.’s [4] method block diagram

I F d L - Jdnrk i' t ) t J
11 L . Find N s ) s Apply
> Jearic Find |A normalized [ Find coarse[— Smoothing | gag nfa » Recover
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dark air—light dark map operation correction the scene
channel channel function ’—’

Find dark channel:

J9K(x) = min (I°(x
(x) CE{%b}( (x))
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Ke et al.’s [4] method block diagram

@

I Find L L Find J(’i\? - i t Apply t J

il O dark Jdark Find |A normalized Find coarse|— Smoothing ] s Recover
[—

transmissior ;
T orat o
air-light dark map operation correction the scene
channel channel function

Calculate the air-light:
Find pixels with the highest 0.1%
values in J%™*_ The sum of the

three color channel values in | of

these pixels is calculated. Finally, s

the pixel corresponding to the 3%

maximum sum is selected as A
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Ke et al.’s [4] method block diagram

I Find L L Find J}i\?rk t~ t Apply t J

1 Jdark Find |A normalized Find coarse Smoothing gamma Recover
dark |~

transmissior :
alr_hght dark map operation correction the scene
channel channel function r

@

Find the normalized dark channel:

o 10(x)
Jdark —
N (x) Ce{[r;};b}( e )
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Ke et al.’s [4] method block diagram

1 [ Fmad | L el i ¢ . J
11 . Find N | s Appl
il O Jdark Find |A | somalized [ "1 Find coarse[—» Smoothing | gagnia " Recover
dark air-light dark M“H':;‘p o operation correction the scene
channel channel function r

Estimate the coarse transmission:
t(x) =1— (wx JE™(x)).

where w is set to 0.95.

12/36 A Video Haze Removal System on Heterogeneous Cores



Ke et al.’s [4] method block diagram

1 Find L L " Jdark i’ t t J
11 . Find N s s Appl
N dark J Find |A normalized Find coarse Smoothing garpgnia Recover
ar .. transmissior rati o
air-light dark map operation correction the scene
channel channel function r

Apply a smoothing operation:
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Ke et al.’s [4] method block diagram

1 Find L e J t ts t J
m . Find N . ) K] Apply
—4 > Jauk Find |A normalized [ Find coarse—» Smoothing [ gag nfa — Recover | "
dark [Z—» . .. : dark transmissior operation orrect]
air-light map correction the scene
channel channel function
|

Apply a gamma correction
function:

where 7 is set to 0.6.
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Ke et al.’s [4] method block diagram

@

I Find L L Find J}i\'}rk t~ ts Apply l. J

] J Find | A | jommalized Find coarse Smoothing gamma Recover
dark [~

transmissior :
alr_hght dark map operation correction the scene
channel channel function r

Recover the scene radiance:

I(x) — A

max(t(x),0.1) A

J(x) =
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Time profiling for Ke et al.'s [4] algorithm

Task Execution time
Convert from Yy C. to RGB 12 ms
Find the dark channel J92 12 ms
Find air-light A 10 ms
Find normalized dark channel Jgﬁ"k 12 ms
Find the coarse transmission map ¢ 430 ms
Apply moving average filter to obtain t; filter 4 ms
Apply gamma correction function to obtain ¢ 1433 ms
Recover the scene radiance J 75 ms
Convert from RGB to Yy, C, 12 ms
Total 2000 ms
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Proposed solution Modified haze removal algorithm

Modified haze removal algorithm

I [Fi o ls Lt J
ind . Find N . . s Apply |
3> Jaurk Find |A normalized [ Find coarse—» Smoothing ] a?rfn;a ™ Recover |
dark [ w . . 7 Jtransmission| operation gamma
alr_hght dark T nap correction |, the scene
channel channel H function K ’—>
LooooTsSe-- S SSite---ST====== ’

oo TTTTeRSSSmTITmRAAS IR AEEEAAT I TR
Find Jd ' . Al Down- 4] J#™ tl Apply IfL JILb J
dark — Find | sample Find coarse gamma Up' T ! Recover
ar. air—light ' normalized fransmission| correction sample ' khe sc
channel H dark map . | pfhe seene
° 1 |_channel function '
""" :]E{[a'xk'"""""""""'""""""""'
L Find
normalized
dark channel

Figure: (a) Ke et al., (b) proposed.
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Proposed solution Proposed distribution of algorithmic tasks among different cores

Proposed distribution of algorithmic tasks among ARM,
DSP, VICP cores of DM6446

Task ARM | DSP | VICP

Initialize capture and display drivers v

Get video frame v

Convert from YC,C, to RGB v

Find dark channel v

Find air-light

Find normalized dark channel v

Down-sample the normalized dark channel
Find the coarse transmission map
Apply gamma correction function
Up-sample the transmission map

Recover the scene
Convert from RGB to YC,C, v
Display video frame v

{\

SNENENENEN
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Proposed solution Proposed distribution of algorithmic tasks among different cores

Proposed haze removal software architecture on the target
heterogeneous multi-cores

NTSC TVP5146
Decoder

On-chip NTSC|
encoder

Y C,Cy CyCy
Peripherals 155 3%
e N e S S . i .S a S —, d A iL )
! |
! |
! |
i Initialize capturd Get video Display video '
and dis) I
| < lisplay frame frame !
I
L Control thread!
ARM core
1 3
Input video Output video
buffer buffer
Physical memory ¥ J

Down-sample |] 7474 Find co Apply gamma ] 4| t Recover the
Find air-light normalized dark transmission correction - Up-sample T “ :
channel a functi scene
o map function

:

Read frame

; !
! |
! | from buffer !
!DSP cord] ‘f i
]

: Jdark ,]L,\‘;“’k :
' Tonvert - - Find 3 |
! ‘ Y0, to }_,._.{ Find dark normalized (u Yt o
| RGB channel | to !
I

I 1 I
! |

'VICP core. Haze removal codec!
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Proposed solution Code optimization

Code optimization

Optimization technique

Benefits

Using fixed-point data representa-
tion instead of floating-point data
representation

DSP core in the TMS320DM6446 is
a fixed-point core

Minimizing the number of mem-
ory accesses by using minimal data
types whenever it is possible

More data will be stored into the
cache and the number of operations
per cycle will increase

Division operations are converted
into multiplications

Division operations take more exe-
cution cycles than multiplication op-
erations

Using shortcuts in programming
i.e., using x += 1 instead of x = x
+ 1

The number of MOV instructions is
reduced

Setting v to 0.5 instead of 0.6 in

t(x) = (ts(x))”

The gamma correction function will
be implemented as square root

The optimized functions from the li-
braries provided by Tl are used

Enable the SIMD feature of the
DSP
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Proposed solution Code optimization

Time profiling for the proposed algorithm

Task Execution time

Convert from YC,C,. to RGB 12 ms

Find the dark channel J92 12 ms

Find air-light A 10 ms

Find normalized dark channel J]‘{,a'k 12 ms
Down-sample normalized dark channel J]dva"ki 6 ms
Find the coarse transmission map 65 ms
Apply gamma correction function to obtain ¢ 102 ms
Up-sample the transmission map ¢ 6 ms
Recover the scene radiance J 75 ms
Convert from RGB to Y, C, 12 ms
Total 320 ms
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Experimental results Quality verification

Quality verification

» The implementation of He et al., Ke et al., and the proposed
algorithm have been made using MATLAB 8.3 on core i5
personal computer with 4GB RAM using 720 x 480 images.
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ental results

(d)
Figure: Temple image: (a) hazy image, (b) [3], (c) [4], (d) proposed.
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ental results

(d)
Figure: Temple image: (a) hazy image, (b) [3], (c) [4], (d) proposed.
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Experimental results Quality verification

Figure: Temple image zoomed version: (a) hazy image, (b) [3], (c) [4],
(d) proposed. L
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Experimental results Quality verification

oy | sty LT

(d)
Figure: Mountain image: (a) hazy image, (b) [3], (c) [4], (d) proposed.
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Experimental results Quality verification
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(d)
Figure: Mountain image: (a) hazy image, (b) [3], (c) [4], (d) proposed.
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Experimental results Quality verification

Figure: Mountain image zoomed version: (a) hazy image, (b) [3], (c) [4],
(d) proposed.
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Experimental results Evaluation metrics

Evaluation metrics [6]

1. Execution time (the lower the better)

2. The rate of new visible edges (e) (the higher the better)

3. The quality of the contrast restoration (7) (the higher the
better)

4. The number of pixels which are saturated (o) (the lower the
better)
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Experimental results Evaluation metrics

Execution times in seconds for images using different haze
removal algorithms on personal computer

Image [3] [4] | Proposed algorithm
Temple | 70.432 | 1.346 1.003
Mountain | 70.370 | 1.337 1.003
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Experimental results Evaluation metrics

Descriptors for sample images using different haze removal
algorithms

Descriptor | Algorithm | Temple | Mountain

[3] 0.5954 | 0.2566
e [4] 0.5204 | 0.3013
proposed | 0.4986 0.2739

[3] 1.3516 1.1404

T [4] 1.3271 1.037
proposed | 1.3839 | 1.1925

[3] 0 0

o (%) [4] 0 0.0030

proposed 0 0.0066
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Experimental results Experimental results for the proposed system

Experimental results for the proposed system

Video execution time of the proposed system is presented and
compared to Ke et al. [4] and Khodary et al. [5] on
TMS320DM6446.

Figure: Proposed video haze removal system: (a) DM6446 DaVinci
evaluation module, (b) hazy video source, and (c) removed-haze video
output.
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Experimental results Experimental results for the proposed system

Output frame rate (fps) of different haze removal systems

Video input [4] | [5] | Proposed system
NTSC (720 x 480 at 30 fps) | 0.5 | 0.58 3.2
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Conclusions

Conclusions and future works

» Development on multi-core embedded system have to consider
some aspects:

1. Adapting the algorithm for the embedded platform.

2. Distribution of algorithmic tasks based of the nature of the
task and the core.

3. Optimizing the code for each task.

> The proposed system provides 3.2 fps for full D1 resolution.
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Questions
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