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) Basic method Cascade method
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08 |7 9 111517217 7 7 9 11 13
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16 |15 17 21 27 33 43|15 11 13 17 21 27
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2 |17 21 27 33 41 53|17 13 17 21 27 33

# of MAC
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Basic method

Cascade method
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Institute for Information & Communications Tech-

nology  Promotion:  “Technology  Development
Trend and Market Forecast of VR/AR,” Weekly
Technology Trends, Vol. 1803, pp. 48-55, July,
2017.

[2] D. G. Lowe, “Distinctive Image Features from
Scale-Invariant Keypoints,” International Journal of
Computer Vision, Vol. 60, No. 2, pp. 91-110, Jan.

2004.

[3] D. G. Lowe, “Automatic Panoramic Image Stitching
using Invariant Features,” International Journal of
Computer Vision, Vol. 74, No. 1, pp. 59-73, Aug.
2007.

[4] F. C. Huang, S. Y. Huang, J. W. Ker Y. C. Chen
“High-Performance SIFT Hardware Accelerator for
Real-Time Extraction,” IEEE
Transactions on Circuits and Systems for Video
Technology, Vol. 22, No. 3, pp. 340-351, Mar.
2012.

[5] H. Bay, T. Tuytelaars, L. V. Gool “SURF: Speeded
Up Robust Features,” European Conference on
Computer Vision, pp. 404-417, 2006.

[6] R. Hess, “An Open-Source SIFT Library,” ACM
Multimedia, pp. 1493-1496, Oct. 2010.
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Multiple Light Sources Estimation Using Similar Patches of
Reflectance in Outdoor images

Sang—Ho Lee Jong—0Ok Kim
Korea University

0 ok
3 =
2 =T A G A2 JAE WA 53 2y eSS Aljtei). 7]Ee] E3
z duglEEe] FAY F XS FHse Aol HlE At duglEe WA dd 29y JHS
Agsto] AMA FAo S FAI Fo 2 FYAA [FAF HH AS Frol FRIAl G NS
FAsk= Aoty Al 53 29 A A= gy FEAT B S HZ Astste] 499
Fl AWy 75 Alo]] HAE o]&ete] AIHHOR [AF HAE Fol T FAY AS FHsirh
kA A9 $4s Y] A2 raw T Gt At LuEFS ALt andor FAdE9
FFS AAE 5 Sk
1. A& TARE Beksty A g A Ad JF Tt =
2 =2 S v g 2 el At
At & AAe] skl 2 A #Aglo] dyeFe o Adysta, Aol = Aotk
T3 Ao r A7steE AR sE€E 7 oS aduglEs AEg T Ay o 3 E s},
color constancy il 3$tt}. Fhulgls AMEel w3 T2 RO 2 4 Ao B =R 3 A28 #

color constancy & 742l 1 A] ¢7] wl&o] white balance 7}

2 9 3}c}. White balance = FH o] M-S FA3}o] £ 9
aRE AAsE A48 BAgo|oh

71E FhdEtels & ZHel tig Ijo]E W@ A
Z1Hol UAEe] Qltt. wpebA 53 27 A4 F9
u, A AQF A7t G2 ARE dA "o 53 29
Ao &t 7IHEe] HTeol AdHL o @
=9 A Y dof Hs ER/EVF 1 dsol FA 4t
[11~[3]

4d 29y FAHAANE HoAd e & 7 white
balance WHEo] YA EH3F W FAHA Al
AAZ AR S B ogo 58 29
AL A A, AQE vs F 9, B =EoAe
Aol 37 H3 £ Aol gAY, A ddly
a9 53 29 Aol & & glow, meba Ul
15 29 Aol BAE o] &3 4 Q)

B =M E 53 24 @844 d$she MRS
AT e dug &S Akt Agtsls 7HE WA
71Ee] v 21 o i s F4g3te] solE
WH A sk o 18 2] 99e BAS o)
Ao g Aol gate HFste 7l 53 2 71HEY

o

njr

R:G:B

0.41:1:0.75 | 0.51:1:0.60

1% 1. Color checker & ©]§-3t 1&2 U F RGB
H] & vl

ankrQl E3t Y dFAHAM= F o2 19
AEBAZE Horw ZWES FAs7] ojHo)h shAut
gzl g5 2o A I Agdis I8 999
AR oz gr] o] Gornz Zwol ok Al xjo]g}
8k7] kel AR ATE =u mebA sld FdY Afole
Gde w7 #FEe olgstd F 2 9Y9s on A%
T2 = vy a8z 2% 1. o)A color checker &
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st wgo] HQ
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3 749 ZAE v

zto} {FAIZE Wl m )
AL Mol 5 Fde H]

il

H&oA G & 7|$02% R °] %1 B 7} &7] w&Ed
z19 dFst= ﬂlil—é— FoAT A doh FHAlE
Zy FAF 29 FA A ko] Aol WAoo #2
EAE Aoz @FA s B A B B = ST R B Ry =
i Eo g % 99 g ﬂﬂ° $L a7y w4

9 A3t ol Pl B4
Wbl gom vkl & gk [

4 groli L & He) Mo sigshs
2A)9 wabgolt. [, L, R & 25 RGB %

olFolx vk WRAREo] wld #x gE Al
HAolug 2] il ztzhe] AAES BE A
T FHORE o] Fok w A UFe S 22 2
e ZRA AL Bl WSS THA7] el b o w
L REARES] RGB BI&3 AR vl &S 25 o QUth

1 oA ¢ Bl 1] 9] WhARE O] FAMEE Bl e
$] 3l Peak signal-to-noise ratio (PSNR)= ©]-&-3tt}. PSNR &
TE G4 &4 ARE B o 2oled 7 Aol
FAIEE e o /\}%Q 71%= gtk AlRE

FuelFAAE 7 A1
BAEY SRR SA9d PR £ A8l
PSNR 9] 44 & vhg 3} e,

2
PSNR =10xlog 255
MSE

m?‘_. O_u

(2)

—gf[l(isj) ' j)f

5 99 Fd9 NE
AstA A gstd ¥l
A= 0392‘ < A YA 0}71
A %ﬂ*“%ﬂﬂEﬂLﬁhhﬂﬂﬂ:ﬂﬂH
Fels TEsE I Hd Hr e dd HAE
0% FAFSE ZHO-11%) s AWz g5 FA9
Z3ol sFste Moz BT

3. Add¥

R I = T R R )

AR ARRLE AR Fegith AR Canon EOS 5D

544 2ol

Mark III 7}H2}2 %935} 2880x1920 F.7]19] raw JI =
Aoleh. 19 2 o wA A, ¥ AL vlmetE A A
AR b e o 5 Ytk @ wom %S
B H2el A obEl M ES LA SRS el e
olek

]

4, AE

B =R iy 7% o) uh), A Ajo] T
ol g3l AeleA aHAHom Fdo M FHT S
P duelEg Addch AL FudFe 9 29
druElFoz F P A FolA sunr F v
o3t o x4 %ﬁﬂzﬁrt age ¢ e FHol
Atk FAE A %*% & 2AS F UEE AR 53
WA S Bl AR £ A3E 98 5 gl Aotk
s
FuEH

[1] A. Gijsenij, L. Rui, T. Gevers. “Color constancy

for multiple light sources” IEEE Transactions on

Image Processing 21.2 (2012): 697-707.
[2] M. Ebner, “Color constancy using local color
shifts” European Conference on Computer Vision.

Springer Berlin Heidelberg, 2004.

[3] Funt, B. V., Ciurea, F., & McCann, J. J. (2004).

Retinex in matlab tm. Journal of electronic

imaging, 13(1), 48—58.
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Image Denoising via Non—convex Low Rank Minimization Using Multi—
denoised image

Jun—Sang Yoo, *Jong—0k Kim
Korea University

@ o

A rank HAE U G F5 AA, FE &4 (completion), low rank ¥E EY T vt
AaA g FokllH aHH o7 o]gHo ¢tl 53| nuclear norm = ©] &3t low rank A3} 7S convex
optimization = &3] t4d FH 9] 5|zt (singular value) & thresholding 224 7FA38HA low rank S
A 4 ok A% nuclear norm & ©]€3 low rank #2423 WS B rank #HS A ZAEHA
%357 witel A5 AA afHoR O]—F—OV]X] ottt & =ddAe 949 F5E AA ) 8 o
Fe AA GFE olgste] FALETE & A A FEE A, A HA AE O rank & non—convex
function & ol &3kl HAFA7+= WHE &3l Foe AAste s Adst

1. A& 2 =FdMEs o &% AA 94 o143t non—
convex rank HFA3 7He 7Wow f& e AA HHE
. o Absict, FAHoR, NZ TE level e AAR Y49
T 9S ol&d A3 A 7€ AFE HAd T)Eo zolg oxo P Ed A JH] AYs A
343 wgEglon, thekdt Fofo] g gtk A o lTE o A oA} Ay K =
SAro Sl e g WG Ao olgho] Rae TAEE Fold, #lF FAF FHE rank £ non—convex
3 A5 SA AP BAs el dstel 2A ) ion & o gatel Has
AER7E =7HE Al d=EY, oS Oﬂ” A5 91130 =
Aeg AeHE= A Az U AFH HA 7% BT v = TAS e 2k 2 HelAE non—convex
WA TS w7 Lq]_roﬂ AHE 7|=2H ongl e low rank P H23 Ve 28k, 3 oM vF
AA 71Ho] AFgoz A gy ojof Fr) e AA 9GS ol gste] 2 el 23 low rank # 43}
. 7HE B3 Ao AASe WHE ad 4 Felxe
G JS AA S $EE A Ao ENH Feol o}3h 1o Ao AE O ;gx slolsttl whxulo
L e N ARket 7MY Aes APS TAA Gt A ToR
A Al 9ds dv s HEE Ak ST 238 gagqe B owno o A2e wen,

3% dIE dEw awsd vl G Ae wisd

9152 el Btk BMSD [2), LPGPCA [3], CSR (4] 2. Non—convex Low rank B4} 7]
9 7IMES V1€ uE VIMEd H]O}Oi Hold Ae= 21

o) Hol M=o ] Bz
N\Z]E'l‘y U}'Xll-7]'x]i teXture "I‘E]_ O 0}'1 T O}'q— 03)2}9] rank %)\_% /\E]xﬂi 7%]}1\1_0] O‘]%j:]l %@'6}7] W%oﬂ,

A GALE AAR EE A -FAIEE Zta low, nuclear norm < rank 2 convex approximation & Z4 o]
oyt A7) AP AL w2 e AA Wl olgHu ARESTE, SAITE rank 9] manifold & AAZ  non-
ittt olglst WEZAQ HHE zte= AT -fAET ES convex d}7] W&o, nuclear norm & ©]€3% AP

FAEL rank 7F RoH, wEA T AAE e AR R A7t "oy, B = dAde s g AA I3
(prior information)® ©°]€= <4 <9lth. Nuclear norm A A BEE o]gst g or FAeS AAS] I

penalty + low rank FEE d+= 71 x4 convex non—convex function & ©]§3t4, 4% &4 low rank
optimization WwWolw, &H Eo]Zt(singular value)S a3y de=o)
o] g3t] HA low rank FHE& ¥S F vk AT nuclear .\ |
norm < loose 3 rank o A Hoz HE}EIL yY) X . 2
v ) . - = argmin o X)+—|[X-Y
e, low rank ol H&sA FAHHA Kabd, Fs g X Zzllg( ’( )) 2” ”F

AAZL Ao o] Fo) 4] it
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Y = 35 b A doln], X = 5ol AZE low

rank A} 32 3 g & non—convex function ©|T}.

3. Low rank 7] F& AA 7Y

A9 A7) FAME (self similarity) & 7]HEo. 2 3 S
AA B Ao fAF FHe] fAETE EE5E =2
g BolH, fAETE W HAE fAF HA] dEE FAS
B e AA des AstAZTh mEtA FARETE w2 fAE
Hzx PFEE FAN] Y5k, B =wdAs AR o
level 2 35 11171% Fa AA GFE AR FAHeRE,

AA oﬂ’b oA g AA9 JHZ]E% o] g3

sttt fAF XSS H3E(target)
patch °f tj3}e] H]X]O—“‘.@.‘li HAE], Euclidean A#E
7IEe 2 S level B TUSHAl A AAE GAFolA et

o

>
8
o2
o,

o <5 =

Euclidean A& 7|wtez 42 FF A A4
AE(Y)E non—convex low rank 43 7|HE T8 7S
AA A 2 gE X & deth AR =2 MR gE

% AA Y ANES olg397] WEA low rank
Aas ez dsel 949 ggel aRdos AN
Ao A ARES REAND 5 St

A 3 A7 el wol ARHE 5 19
ov, 0=20 ¢ 1‘%% 42 Gl
1, BM3D [3], LPGPCA [4] ¢ 3 7}#] "l
M A 7S o &8l xﬂﬂs}o:]
ket Al 7I¥leld= BM3D 7IM=
0=20 2 #5F IHE AHZ ue
(0=1517,20)2 = #AIA sH3ich

function & lp norm & ARE3FSITE

e N5e
o 8-3fof

3 7 e U

T3 Non—convex

(0) (@

(e)

a% 1, A3 vlx H7F @) 92 A4 (b)) CSR (o)
BM3D (d) LPG-PCA (e) A<t 719

3 1. PSNR H|a 37}

CSR | BM3D | LPGPCA | Proposed

Monkey | 26.23 | 26.27 26.05 26.41

Bear 29.61 | 29.57 29.27 29.70

Horse | 27.62 | 27.63 27.20 27.80

Bridge | 27.15 | 27.22 26.87 27.41

Seal 27.14 | 27.16 26.91 27.31

5. 4&

2 erdAdE te ZE AA F4E o4 non-

convex low rank FH2A3 7|H 7bFb #Zg AA JHES
Aekstdct 1€l M fARE 7Pke] #JE AA
ATFES A AR FALEIF Sl s AAL FFTrt
=2 sttt E— AT E tz &5 AA A4S o439
=2 fAF #9A dEE 7493+ non—convex low
SalA afdor Fes AASAY.

[1] Levin, Anat, and Boaz Nadler. "Natural image
denoising: Optimality and inherent bounds." Computer
Vision and Pattern Recognition (CVPR), 2011 I[EEE
Conference on. IEEE, 2011.

[2] Dong, Weisheng, et al. "Sparsity—based image
denoising via dictionary learning and structural clustering."
Computer Vision and Pattern Recognition (CVPR), 2011
[EEE Conference on. IEEE, 2011.

[3] Dabov, Kostadin, et al. "Image denoising by sparse 3—D
transform—domain collaborative filtering." IEEE
Transactions on image processing 16.8 (2007): 2080—
2095.

[4] Zhang, Lei, et al. "Two—stage image denoising by
principal component analysis with local pixel grouping."
Pattern Recognition 43.4 (2010): 1531—-1549.
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Point Cloud Sequence Compression by Matching between Graphs
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Korea University

ok
ol
= oEweAE adE 3 ARE ol 8F ¥IE FHE AAA 4F VIS AdE $4, adEE
ggstol ¥QUE s ADAY AWE: Jletetd 7 xS Rdeta, TdZREH o)l wWEs
AHgEte] &3 54 WEHE mAsts WHoE A ZHd 2 £ dE5E FPdn. 193 349 95
Tl 2 =AY W9H T AT At 122 279 w49 WHE Bistd U A4 24d dE=E
deth HFHoE AU ARE &t 9L oS5 Zydd el 29 olE HEA JEZT F53
Ao R FYste] TAE SeFE AHA GFS FREU AF A3 Adste 7Yool 3D 2UE 2fE
AAAE a0 G5FES 498 + A
1. A8 Abgsteh 6o A 3E wi ) FAE 0% jE e
AA 9 ZhEAR FAHL, o A #> F HAH %9
FEEE 7Age] un gt

D EIE Fehpm AL oold, AY, A dy, o A
=98 §A T ot EokellMd AR de 2oln Qv
gdd opelMde g8 HAdd= 3D EIE FHFE 54 2o o=
AA29) BIHHQ ol AEHolth, T BHHAQ Yol S
208 $49 Uy F2S ods ojee AAT el A 54 98 33

L TolE Zgot =1 sl bl - ~
v EZA= FEhE AAAS g9 HFold RGBD A4, 2% g Ao raA B2 dael (319 ol
Fhdgtel o) et o 7 ¥2E A st v &3k 2] 5 HE 5L~ _ 2 A ols 2 =
— — - = X]}‘] =ha Oki,Vk—[l-z-‘“,8]a O"—(\SAE}- Oﬂe =1,
Wi, 7 ¥AE FUeE TAdg TR B AT ynwe e AN Ben ges p
AGaA Hakr] mZolt =TT - et ’

B owRoAL 720 TOE Zaor mgol 7F 240l 01i() = La(ex@y ey @223 () ()
= F2 P AR T ozde BAEd A 9% vl St 243 o A®} Y 09 Huwg 2
WS AFE D EQUE FabE AAA 4F wue ALelT o, ()E 00 obd e Zeth BRE ANEE 4
Attt A0l BAEL N A i oo diel of" W]

AAt=AE Hehd
tFoE, X A AR 7|xd Iz AHEY
2. At 714 54¢ ARET vel Seks mE 249 o4 (419 2ol
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