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ABSTRACT

Surveillance cameras in national border and coastline area often occur the video distortion because of rapidly
changing weather and light environments. It is positively necessary to enhance the distorted video quality for
keeping surveillance. In this paper, we propose an adaptive video enhancement algorithm in the various
environment changes. To solve an unstable performance problem of the existing method, the proposed method is
based on Retinex algorithm and uses enhanced curves which is adapted in foggy and low-light conditions. In
addition, we mixture the weighted HSV color model to keep color constancy and reduce noise to obtain clear
images. As a results, the proposed algorithm improves the performance of well-balanced contrast enhancement and
effective color restoration without any quality loss compared with the existing algorithm. We expect that this

method will be used in surveillance camera systems and offer help of national defence with reliability.
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Fig. 1. Multi-Scale Retinex Algorithm Sturcture

Lz,y)= R(z,y) « L(z,y) e8]

o714 = dZHAGA, (, )= Gkl Fax(pixel)

3, RS AL, L2 294 éﬂ— ju]ghct,

Retinex Uwe]&2 she] ZHAE-S 7Htez

38 S A7) SSR (Single-Scale Retinex) &
EE} S5 YEldE o] FA] X5k= SSR &

2] FAES Haksle] =7t A& ok TR
Aot HelE A838te] RS FH3laL 7 E
Fofsle] gdAtS EH3H= MSR (Multi-Scale
Retinex) dwg|=oz 1g 4 ool 18 12
MSR tae|5e] 7xrelr) 31297 de] RGB 7 2
2] A Bl SSR H2]S #A uA} AE-L 35 54
=4, o] uf 37§9] M= o} =7](Scale) & 2= 7+
Aok e 5 vbE asle] 2 RS 535 ®ck
HRAAE-S- 3E3= 3Ae 4] ), (3)‘,/}_ 71:1_1—/],[3].

i Hﬂ

3]#% 349 R, G, B dle]E]el] 7[9-A]2KGaussian)
el & A43le] ZHAAR-S FE5ha, 59 294

S 27 odiks Eal AR HAE R &
S)E3ir), MBS odake] Za] ss|elel] hol
AR(gain) 2 FH(offset) H2|E 3lo] FHFAH 22
Ahg g}

Nl

R (z,y) =logl (z,y) —loglG, (x,y) x L(z,y)] 2)
Gﬂ(x,y)=K (2" +4%) /20" (3)

1 @% @9l i R G, B 2 dplelel,
R'(x, Y& 4 R, G, B 34l wb#e ovlgi
QA 1(x, ol THshe] 7H-A1RE ABTA Qike
SR K= A8 A ot ZHRE BES] &
AR 45 g oelae

w
o

. MigH e2F

71 Retinex FTIEE d4ke] Aed1ql B4
A hegalAnt i A AedAel B4o] s

7] Sho} edafel wek A} Alsta 1A A
A Etoneye] o1 A4 )3 @afe] wol AR
o} i shane] A A e 2o s et
of HiENE HA7)7] witell A ) 3 ke
Z AFE] ok el Af zAdEel ARE &
Aoz At Azt ofd 5 Qlek w1k 7ReAlst 2
EBle] =7] AAel ule} 35383} (Halo artifact)”} =+
A3k olv,ﬁ R, G, B AHE 71o] AFAS 75K
ol WIS FEs)e] Yo A SE
4] Ao] ulefAls 2 4A 15 Graying-Ou) &
Ao wRAEls | = 6—]—3}[31 o3 qlzodale] & oﬂ
weh Azt heA vebd 4 9] e, 7
slaHl A|ede] 27 wstel AgAel s %
2% o] Basih

Aglel= dye|Ee] AAAS 2= a8 29}
oh YE QS R, G, B AME Relso] S
2 MSR (Multi-Scale Retinex) |7} 43|37, Z
Blg gy ERl0| uje} H-2Ael BATAle] AL

=2 10
so) A Ak ek A I 5 A4 9l
= A S 9190 Ao HSV A2k 7]l
A Ao djzp) o] FAol FaAHel R, G, B A
Y8 ERiew sade] 2299 A s o}
= F3lwlo] AMEALA (Color Constancy) % 2] AL 7Y
He PP HEH o Aaly % ol
=l A5-E AlASI] Ml 7o) Xt ddE =
=
b

_I

K e

L, 10 m

@ HsV.
Conversion

%

® Noise
Reduction

@ Pixel Analysis
& Classification

a8 2. AQE daelE F2
Fig. 2. Proposed Algorithm Structure

www.dbpia.co.kr



) TS ARS8 A N daelE

2|5 Aol & ¢ glrt EtellA= A1
F7F Hetd EE5S 95w Avsr|®

A iHE 9 R, G, B A7toR Helu]
ZF ApdE R ZRARE e S Sl Z“é*é%ﬂ—"— +
el FE% 2R A7 ste] WS 4
et BRI E52 7R =27] HE W 8
wu, 4 4)9} 3] ®A=41Ql EC (Enhanced

Curve)ell oJ3) F4=a1, 4% 2 WA 54
(S} 2ol Az g oR FAdEe] MSR s
At o714 I dEd, L =AY, RS
UM, o AR, B 4, o 7R Flelvt

R/(x,y) =alBC(L(x,y)) — EC(L,(z,y)]+8 (4)

N
MSR,( Z y), N=3 (5

dHGge] i AxE Ao vt i A=
o AZ1E Felsh] 5o 1, 2, 3, 4 BA] g
2 ska FelRS SIgE EC & AAgR 74 (6)
7 zho] FE|®] 3p4 il o] Slamas) U oA
(edge) ¥41% Bo] Wel 3 W 1] Sdolys
Fo), 52 (@A etz Bel s ) ol
(edge) BAE, Y& ZEE 349 Intensity, P= —Xr
Wskre] 2582 o B Aot ot B 3
A (2] o1 21e] Ajed st 2 zele] <)
gakel Hat sha 3ol Aol ©J3 MAD9| A=
(threshold)el] w2} AA|7ko 2 7Jxl=]e] vled=]w] o
= F3l A =) ol =e]) ko] Bl
1| gt

mlo___&—l

Crg=a e, +[Y(z,y)+ 5+ P,] ©)

N
MAD= E @
B N

I8 32 X520 fHstne)] wE Y5O Y3k
o] wislE viepdch HelE shae] aF il uef
7 33} Fro] i Fho] AR bl 2 AxEe
A =7} ofsirlar gdsle] AtiA o g ofgl Je|Fo]
A5, Tt gto] EoRE ol B Axte| 9
5h 314 o3} Ay}l 2 ojed o2 ghuksle] Al o
2 7)3k Jejee] Ag=ick

Retinex Lwe]&e] Ak o= AAre #4315}
A3t = dAke] HSV A37hs 2838l 25

Output Pixel Value

0 50 100 150 200 250

Input Pixel Value

a8 3. ®ZAFAe] A
Fig. 3. Decision of Enhanced Curve

o] MAkS BARICL HSV ®ele] ¥hr|(Value)ol tha}
of 2l (8)2 3dlxET# ~EHA  (Histogram
Stretching) 7|¥S Fdl A A 9r]E A3}
a7, W3} Aol wel MAkHue)¥} 2 =(Saturation)=
RBAFslo] Retinex &3 3A T 7= E8A8E o
t} o]& 53l R, G, B A¥-2] Qd¥tie] m==x &
A =R e WY Y AEE ST ]
ujtol] 3| A e 2 g AAe] Al
5 gt WA 5 ok

V(:v,y) — Low

Vizy) = High— Low

X 255 (8)

441 (8)2] High®} Lowt FAIZ #lolA iz
H)E A1 ddeo|n] J]=l High®} LowXr} %
A} e ofedo] Azl 03} 2552 X|FHEIch AL
Y A= BARS 4 (9), (1002 2} a9} BE BAF
|52 7] H3ke(AVratio)ell Wt A ghs
oighe},

)

H,(x/U):H( )+O[ ¢ AI/ratw (9)

S,(x7y) = S(ZE U) + /8 A ratw (10)

o 2 Az A ellx]e] gk Tzt AlA o]
tioup] #HQl%] (Dynamic Range)e} RIZHEe] H=
Aol AedElE "o RHFoem SNR
(Signal-to-Noise Ratio)2 7FA]7A] Eo] dntedAte] 1]
3 A-&(noise)o] AsHAl Hehdr}*ol odake] wizn
5 AT A elA Aol £
ZE5) 2 9)7] wlio] AL-L AAE F FHE JAS

= =
=23}, A4S AlAE AZF-(temporal), 37H4

rﬂ
>,
[0 |
m
N
s T

www.dbpia.co.kr



32 A1 8h3) =54 (J-KICS) ’14-01 Vol.39C No.0l

(spatial) dGeNA FAlell 34= Fpegh A4ks W
A7) ekl 41 (1)) A Be] A2 A

)
Iay)= N Ul y)+ Niey) QD

Ak dare|E2 s stel -89l A=Al
HSV Awele] 715 F3h FHdAde AsAE &
3] 7]<& Retinex dar]5o] WS Heksle] A=
MAAIE d& 5 Slck

RS-}
ol
>
o
|
o

> o d
I
ML
.l
_\2
B
1
o
L
=2
Y

S )

S

a2 4. sPhet Axe e s Azt
Fig. 4. Enhanced video results in foggy and low-light
environment

32

SIE). 181 49] $1 3944RE QPN <18 she] os)
f oJafor gte] selala ALY wo] ofel st
I B ] St A gt
Ao] o] FPEIRSS & 4 ik 7% 42] ol
3o ofzbel Az sl sFe] s e
= Pl TR Gge] FhEe] 4]
PPeIges BT 4 slek 53 o deizh u
& ojods] Anrt &4 glo] Aalslel Aeld, Xt
dhan] w5 FHeA FE e AT olek

Ak FuelEe) AR A5EAE 915 A

O

A BN e BAslslsh e e =
w3t eVt Sl BN QR (M) 2R
o157 sk Q1914 QPhE AEF BelAel st

J.Lz

% B), 2|3 A3t 4 B)F MIF 9 O=
TAste] 3h AHES Sgslslch 13 59} o]
(A) 34+ B) o) AolF miA] Hlasha, (A) <
At (©) 2] Aol & mlastol B) 34 ] (©)
odro] Raedak (A)el Arh} TAlelA Bl
A% )i ZA4slede) B) Al BE S
% gaelEs At DuEE A2 Agaie] A
GETE

Algle] 7182 PQR (Picture Quality Rating),
DMOS (Different Mean Opinion Score), PSNR
(Peak Signal-to-Noise Ratio), ER (Edge Rate)<] 47}
A o AAsta AgE A sl pQre]
gt 27)¢] wjaredate] ztel7} geds] AR H=AIE §
g2 23w o ® AAEE 3zlEA] o]
t}. DMOS+= 5519 534 Hzh»]el Mose] &=
2|5 100032 2~AY3E Fholn], ER2 44 W] 7]
(edge)®] E/NA1F AlHA] A=E SAT relch Al
d F4 lee dA Al 88 #E Fal
gl E 2y aake] PQAG00 3HUEA RS AlEsle]
91 471 37} el Hel Z1AE AE S8k
B7kslsick Adel AHl dare|Ee] sleble = &
13} 2k

£2 2 2% 62 AYATE ek oz, Ak
ngo] 7S o] 4712 7Rk miEellA] A

Distorted Image
with Fog & Lowlight
(8)

Result of (A) and (B)

Original Quality
Measurement

Image { Enhancement

()]

Enhanced Image

©

Result of (A) and (C)

J% 5. AY
Fig. 5. Experimental Method

www.dbpia.co.kr



) TS ARS8 A N daelE

B 1. A% )l
Table 1. Algorithm parameters of experiments

Item Parameter Value

sl 60

Scale Size s2 120

s3 180

wl 1/3

Weight w2 1/3

w3 1/3

. gain 1.2

Gain & Offset offset 10

E 2. A AdAT)
Table 2. Experimental results of image quality

Item Original Method Proposed Method
APQR 11.23 17.95
AMOS 10.58 17.11
APSNR 2.76 3.18
AER 42.61 44.32
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Fig. 6. Comparison between the existing and proposed
algorithm
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Table 3. Equipment specifications of processing time
experiments

:Lr

ol

Ttem Value

CPU Intel(R) Xeon CPU X5647@2.93GHz

Memory |4GB Memory

Graphic |nVidia Geforce GTX650 (Cuda Processor:
Card 384Unit, Core Clock: 1124MHz)

oS Microsoft Windows 7 Professional 32bit
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Table 4. Experimental results of processing time

Resolution CPU Processing GPU Processing
D1

(720x480) 78 ms/frame 25 ms/frame

HD 720p

(1280x720) 293 ms/frame 49 ms/frame

HD 1080p

(1920x1080) 679 ms/frame 112 ms/frame
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