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1. [ B

« BB % (Haze removal or De-hazing) AL iE &
TTEV M TP - PN EERFIFTIRE
EHE N E wrﬁ%%\aw PO, =ALE
PRIR B R EE DL E IR o /] S fin S 4 8

NEZE 1IN A,

o T EIREGETRIBRY KB A4H T R Al
HZEREEER , F2H A —1NEEHRE
PEFIAFZE IR o
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1. AR 2. FHR THE 3. IR A E X 4. GPURLFSRI 5. SR E R K 04T 6. (F(E R &R 7. St 5[]

1FRBER (Hazy Images)
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FHxIT{E

2 fH< T4E

o fEFHMINE S (additional information)
— Polarization filter [Shwartz et al., CVPR’06]
— Multiple images [Narasimhan& Nayar, CVPR’00]
— Known 3D model [Kopf et al., Siggraph Asia’08]
— User-assistance [Narasimhan& Nayar, CPMCV’03]

L -
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FAXx ITE

2 fH< T4E

« i ISR (stronger priors)
— Maximize local contrast[Tan, CVPR 08]

— Independent Component Analysis [Fattal, Siggraph 08]
— Dark channel prior [He, CVPR 09]
— Fusion-based strategy [Ancuti, ICIP 2010]

ot et >t
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1. 2. FAR THE 3. B i M ETE E 4. GPURE PRI 5. SEWE R R 94T 6. fFA(FE R 7. it 5 @)

2.1 MBFERRM:

o VB ER RAEE RIS R
CEBEETRR  NREENME

[He, CVPR 09]
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1. 2. 3. BRI L BB R 4. GPURE PRI 5. SER LR K 94T 6. 7R{EA B 7. o A [
BRI LR E E
3 BUFEAAIR y

Atmospheric light
1(x) =e 7™M J(x) + A(l—e )

@

Hazy imaée Scene radianée Scene depth map
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3.1 R{E 12

(1 o ﬁ'd(X))

J00=100+100-A) =,
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Data

LEEEFTENUMN

Global Key
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GRS 3 D: S

3.2 if%E B R
e e —fMETELLEFRIEEGREHI( Virtual

Haze-free Candidate Image Sequence, VHCIs )
MR REREIEREE , AN AR TE&EH
(TERDEBRE R T E,

s ZEEEEZBEERILS XA IENT S
REEE |, 18 ‘T?‘thE’J RIR B EB1T HE sl 2
V2 RBEITITE , FEEEREGPULETT

47N (Hardware frlendly ),

l

s
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33 EHNEFHRIEBEBRES VHCIs

s BFEREBHNEBREEREERERNEHE (0~255 for 8-

bit format), 537 RFEBEEI(x) &= 7T LM A BRI 7 R0R
FEEd(x) BB LR P BRI,
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3.3 Bl EFERIEEBRFS VHCIs
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o pinlg R EE
3.4 2R, REEE .
o HEEZHEN : WA MVHCIsFHLEEESENGER
HT4H B — TR H BRE Y B &,

S
12 1E EN](image quality assessment)iX 9 |
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GRS 3 D: S

3.5 R E ML R MK KSR

o BT A
L VAR CINERYE
o HKTHI B R IR = BR 2R

{sk (%) = fH% (x)-J,, (x)H}
S,(x)=0
5, (x) = {[(Sk *Gyp )(x)] *Gyp, } (k)

i}

K
k=1
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3.6 B RER B D HT3KE

- BBRAMRESHEERXSHNBAREIEMNX ;

« BFEMKRINBERITHML —MSREMRT

ds, (X) - 5.1 (X) =54 (X)
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GRS 3 D: S

3.7 BRUABUEF RN

o« [EEA(X)ENEZZL , EUESE B X)W ESTEZE
BMBLEEZBLAR, BREKXNZELZKE , HEXESE
MMRERBFE—INIPER (FTREE ) , RERIN KEE

== ”
ZER7,

S CAN

RE TR, AR MRy IR

- &85 LREFRRE , MERMKEF AN ( Pixel-level Optimal
De-hazing Criterion, PODC)

ds(x). . =arg max dsk (X)
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1. 3. MU R EEE L 4. GPURE TSR 5. SRR E R K 047 6. (/LB 7. oioit A [

S EBFFRANKEED

o XHIMBERMG I , HPODCHIFES THEEBVCHISHIERERFR ¢

W, (X) = (dsk(x)/ds(x)mdex)
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GPUFE#3RI

4 GPUREREI

o BRI BHLIR

« /DR ERIEFENER
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4.1 GPURRFFRIL G EE (1)

CPU | Host Memory | Device Memory | GPU

) —|—> . ﬁ (1_e,ﬂ(kAd))
A i Parallel " Jdk (X) - I(X) + (I(X) B A) —B(kad)
“omputing Block oot . €
i K
Make Vireaal ) £ {S" (x) = Z ”Jdr (x) =g, (X)H}
i= k=

Sequence

-0

Chord Length
Parameterization

5, (x) = {[(Sk *Gyp )(x)] *Gyp, } (k)
Operation \

2D Smoothing
Difference Operation
Quotient

Computing Ek (X) _ d§k (X) ~ §k+1(X) - §k—l(X)

1
; _Fusion -
Wk (X) = (£k (X)/g(x)index )a
Linear -

1

: Dehazing K
De-hazed Image ; s
$ e Computing z ,kzl‘Jdk (X) ’ Wk (X)

Block J (X) — <
Z k=1 W (X)
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GPUFE#3RI

4.2 GPURRRFSEI B R (1)

Host Memory Device Memory GPU

|
Parameter (1_ e—/j(kAd))
Vector ﬁ'l ‘Jd (X) = I(X) + (I(X) - A) —B(kad)
L Parallel ‘ €
Assistant . .
Computing Block

k
{sk @)=, -3, (x)H}

i=1

K
Make Virtual k=1
S,(x)=0

Sequence

Chord Length _ _ —
Parameterization &k (X) _ dSk (X) ~ Sk+1 (X) - Skfl(x)

dk 2

0...
.
0...
.,
Smoothing
Operation

Difference Quotient
Computing

W, (X) = (ﬁk (X)/dS(X);ngex )a

Weight Function
Linear Computing ¢(X) - K
Read back Memory Z W, (X)
- . . k=1 'k
| | Block {
De-hazed Image | :
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KRERR S

sﬁﬁfﬁﬁﬁﬁ

LN BT A
INTEL Core2 Duo 2.93GHz CPU F1 NVIDIA GTX 460 GPU HJPCHL
R RIZIAE 2 Visual Studio 2008F1CUDA C 3.2

Number of pixels | GPU Run-times (second)  Speedup factor

50 246
76 800

268 200
786 432
2 463 360
7990 272
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haze-free image hazy image
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haze-free image Tarel’s result
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5. RBWER RO 6. (F/ERE 7. it 5 [

5.1 E I\ EBERLER

1. 2

®

haze-free image He's result
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haze-free image Our result
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hazy image Fattal’s result
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hazy image He’s result
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He’s result
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I A TIRIE ( Halo Artifacts)
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4, 5. 6. 7. Ut 75

7 A

e Paris S, Hasinoff S W, Kautz J. Local Laplacian Filters:
Edge-aware Image Processing with a Laplacian

Pyramid[J]. ACM Transactions on Graphics (Proc. of
SIGGRAPH). 2011, 30(4): Article 68.

@

input image details enhanced
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4, 5. 6. 7. YO mE
7 A
e Paris S, Hasinoff S W, Kautz J. Local Laplacian Filters:
Edge-aware Image Processing with a Laplacian

Pyramid[J]. ACM Transactions on Graphics (Proc. of
SIGGRAPH). 2011, 30(4): Article 68.
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input image details enhanced
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7.1 Naive Local Laplacian Filters .

Output
Overview of the basic idea of LLF O(NlogN) eI Telle

EN
o level 2

7 Copy

level 1

level 0

inputimage Remapped local image  Intermediate pyramid
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7.2 Fast Local Laplacian Filters .

Overview of the basic idea of Fast LLF O(N)

B -
.- ‘

Output
Laplacian pyramid
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EEFS

Remapped image sequence  Virtual image pyramid sequence
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7.3 EITRE

Hmin(l,a)

—O0— Mean difference with a=2
@ Mean difference with a=0.25
Mean difference with a=0.5
=+= Mean difference with a=1.5
—©— Running-Times (Second)

E
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7.5 NABEEHE

Overview of the basic idea of Fast LLF O(N)

_ o-Bkad)
35, (0 = I(X)+('(X)‘A)(1ei‘T))

Output
Laplacian pyramid

EEFS

Remapped image sequence  Virtual image pyramid sequence
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(b) He et al. 2009
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