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Learning-based super-resolution reconstruction
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AbstractSuper-resolution reconstruction is an important problem in image processing and computer graphics. This
paper introduces key mathematical principles and the latest progress in leaming-based super-resolution. Several
typical artificial intelligent techniques,such as support vector machines,manifold leaming,independent compo-

nent analysis and so on,were analyzed. Finally,areas meriting further investigation were outlined.
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LA Lena il Sr B &, # I0iA EI R Panda #E1TRK
BEM.TREMESS, AR HRER.
B SUY R 2.5 MR HRER Y
AR, B P BN 1R B SN RS B (RIAK
fBAR) TRBRIEUE , YA S SVM & th 55— 4et, Bl
B RESHHIE LB, i 2R R SO0 B B8
SRR FHA R KRB RO BEERE BT
SVM RSB0 Y Ghik A bk, 3 B LR,
FE#EDA REMWRAE S RA i EE ik AR
RF2IERAR: —TRSEREHARE, A —
IR FRaSHER . 7 LLARL FIRE & AR IE
W7 AL Ris AR RBI M TREMBR D /R
RIRARA, W&W%%UEﬁ%EE‘JﬁﬁE

1.0

1 RBF-8YM sealing=(0.5
. —=—RBF-8¥M scaling=1.0
SRR —+—RBF-8V¥M scaling=1.5
T - PoSVM sealing=0.5
E 0.6 ; e P8V M sealing=1.0
\{“? e e P8V M sealing=1.5
x by | W
£ O {ﬁ{g ‘\a \
= e s
Pty |
ool G
£ gli ﬁ:.‘\# L
i i 1

5 ET SVM SHBHAMLL
Fig. 5 SVM based blur identification curves

B 6 S ASE P 3R 3R B9 9055 FF 71 - B S 9 11
MERRER—RR O ARBRHEHRER. BT
BWUH 250, 5 PFRAEEERR 4 5. BoHERH
RGB S [B)#%#:3| YUV (6, % U.V A BRAN&ME
1B{E, Y BN A HRE L. CCD AN RER
BHBASE, RAZET sSVM WBEOFRE . M
THRYREN 1.8, | 6 (a) HIERMBERN SR ;

& (b) Ntk %ﬁﬁﬁﬂj i R7:E T

(b4 A3

He T SYMEBEEEER
Fig. 6 SVM based blind SR results

2.3 ETHISRSTHESHEEERA

7 847 #7 (independent component analysis,
ICA) " BB B R 48 AR B —Fh BT %
MBS AL AEAR At oy k. HER R ALK
BESHEE , A HRE R NS S BE 4
MEMEMBEFFTBHASRINE ERLIBER
BRI B ESHREIBRREITRESS
BERANEL T, IREFESHATIFENL TR
ERMESFRELZERBHERFS, ZHARE
BEHELE, ATIREH & MERFS. ICA AT LR
B ESHAH N Z I RME S R E MR
MW W|ALST, BRI ER ARG SRR EYE
FRESUEEF MG TR B FESCHR[45]
RHE—FET ICAWARETHEERERRE.
HEABER, R P MM BKEEE 2,1
BIRERFTLIAEEZ E 5 H— &, VR H X 2
STABREEE T . FIB ICA AR AHRIIGE
B REU WS 4B, R B A 3T ICA BB k.
SHE—BEIPHRER, SRS BERE(MAP)
A EER H ICA RE, K5 ICA REHBBIR/ T
PRERLMUEITT. BREFTRERT AR ES



- 204 - HE BB R & ¥ #

Bef

PRER, AT ARERSHRE, AXtHB. R
B ESFRA —ENERE BTRENRED

B 7R,
LIRS

7 ETICAWAROELTRRREE
Fig.7 Block diagram of the ICA-based hallucination al-
gorithm

T, AR AR EFT HERBEEE

RINLE. , BIACHRES FHE B 3%, AT 07 51208, AT A
AR 5F BB BBERANN 96 x96 1R R AR

B BREFEFRAFARRE ESMEROA
BB, YIZREFERR 580 AR AVIGER, A2 A
RITFUISRERE 30 EfE M AR & WA HEER
HY = A AR R SRR A 2 R RAF. A R
BRI/ 24 x 24, ERERNE 8 FTR™. 7]
DEHET ICA T ANERREETRABR,
& TREFR AR TR R A BB HRYAL, B
FENSRESRERRABEREN, ZTHERK
FERER NN, X 28 T PCA ZETH
FtBNARE, MARBREAFERHEMER, X
HHNERREAR NG B3R RE. ICA BEF U
FR_BRIER, XA URTFRHFEIH RS, Bl
FHRHWET ICA MR RAEHF R HERE Mt
RERERE ETRERAKTETRERD, R
FENGRRR AU, HEFENERSR AR
VISREIREC B HORZ W, BV 4R B 4R 25 R A0 — iR B
GEEE S P v e

8 AR ANEHIEFERAR
Fig.8 Hallucination results of AR database



B3

X BHFETFINEIAREERA - 205 -

3 & #%

BAPREGARBREN T SENERIARET
FEHER, BEX—FENFEETZ BAf#
—# B

1) BARE. BREHRERERRARE
B F R AR B AT A A, AR T A 1A 2 A0 32 Fs A
BRABEBERK. ERERET , WERRHHI
BIBGBALHET R A A T3 B R 7 25 [B1HAT 43R,
BT R mEBTR R+ oA XA LA, R
Zh CCD BB 2 B H LM B R o B ik R
ML R BT WS TRE, RRMTRER
HIFFE SRR R R AR B R, AT S 12 388
WA RATER, FHE MRS E, RRER
EERHR.

2) BB HRER RANES HRE
EHRRETERF, MEFTRF LHERF)
VIR B T — 2 8 TAR T RAST XA R #9#
BEREINEHFR AR, EEABHRRETES
RSB R R A5 R R B B R R R, U
R siMERMGTE 25 ULH , % 98 R o
B

3) AREAHE. ERBREET, 2FBEWRX
B AR B R HATIRA. 28, KA BRE
RS REUE , BE LI 1 YA 7 — R YRR 1.
BT, AR AR KB AL EN IE @R ARE
RIATALER, 3 BN FE AR S R B A, X
BUPR ) T AR R H B9 7 38 & i A RO R . e
AR K ARESHETRIE. FRER TAREGE
H A o B A R AR AR 7 R RS R
KA.

4) REAMSHERRER. EAHREERRERR
R R ERE 5N TR HEGRKR, B2
BT ELE LA BREE 2R o< B
T RN B, R A RAEE, BN AR
BHRER, 2 T — AR . [et, 7E B 6
HRSH L EM T REMBRIR, IR ERZSE, R
TR AL FHEERRELIN, B iR f N
BURBEOIRN—Irm.

B BARREREAR—THYEEAR
FHRMERTRRE, TR TEINTERERT
AR TRATE EMER BT 2 RREAN, RRE
e B BRI R R BB HE TEM R T EHR
EAE . GEEBIANRE, ZRFEER R

RS F R AR — S BRI
S0 :

[1]HARRIS J L. Diffraction and resolving power[J]. Journal
of the Optical Society of America, 1964, 54(7) . 931-936.

[2]GOODMAN J W. Introduction to Fourier optica[ M]. New
York: McGraw-Hill, 1968.

[3]BROWN H A. Effect of truncation on image enhancement
by prolate spheroidal function[J]. Joumsal of the Optical
Society of America, 1969, 59, 228-229,

[4]JAIN A K. Fundamentals of digital image processing[ M ].
Englewood Cliffs,USA: Prentice-Hall, 1989.

[5]WADAKS S, SATO T. Super-resolution in incoherent ima-
ging system[ J]. Journal of the Optical Society of America,
1975, 65(3) ; 354-355.

[6]TSAI R Y, HUANG T 5. Multipleframe image restoration
and registration[ C]// Advances in Computer Vision and Im-
sge Processing. Greenwich, USA. JAI Press Inc, 1984.
317-339.

[7]BAKER S, KANADE T. Hallucinating faces [ R]. Pitts-
burgh,USA: The Robotics Institute, Camegie Mellon Uni-
versity, 1999.

[8] BAKER S, KANADE T. Hallucinating faces [ C]//IEEE
Int Conf on Automatic Face and Gesture Recognition.
Grenoble, France, 2000. 83-88.

[9]BAKER S, KANADE T. Limits on super-resolution and how
to break them[ C]//IEEE Conf on Computer Vision and
Pattern Recognition. Hilton Head Island, USA, 2000, 2.
372-379.

[10]BAKER S, KANADE T. Super-resolution; limits and be-
yond [ M ]//CHAUDHURI $. Super-resolution imaging.

Dordrecht, The Nethedands; Kluwer Academic Press,
2001 ; 243-276.

[11]BAKER §, KANADE T. Super-resolution; reconstruction
or recognition [ C]//IEEE-EURASIP Workshop on Nonlin-
ear Signal and Image Processing. Baltimore, USA, 2001
215-219.

[12]BAKER §, KANADE T. Limits on super-resolution and
how to break them[J]. IEEE Trans on Pattern Analysis
and Machine Intelligence, 2002, 24(9) : 1167-1183.

[13]FREEMAN W T, JONES T R, PASZTOR E C. Example-
based super-resolution [ J]. IEEE Computer Graphics and
Applications, 2002, 22(2): 56-65.

[14 ]BISHOP C M, BLAKE A, MARTHI B. Super-resolution
enhancement of video [ C ]//International Conference on
Arntificial Intelligence and Statistics. Key West, USA,
2003.410-414.

[15]SUN Jian, ZHENG Nanning, TAO Hai, et al. Image hal-



. 206 - HE BB R & ¥ #

Bef

lucination with primal sketch priors[ C ]//IEEE Computer
Society Conference on Computer Vision and Pattern Recog-
nition. Madison, USA, 2003, 2. 729-736.

[16] CHANG H, YEUNG D Y, XIONG Y. Super-resolution
through neighbor embedding[ C]//IEEE Computer Society
Conference on Computer Vision and Pattern Recognition.
Washington DC, USA, 2004, 1. 275-282.

[17]SU K, TIAN Q, XUE Q, ¢t al. Neighborhood issue in sin-
gle-frame image super-resolution [ C ]//IEEE International
Conference on Multimedia and Expo. Amsterdam, The
Netherlands, 2005; 1-4.

[18]TAI Y W,TONG W §, TANG C K. Perceptually-inspired
and edge-directed color image super-resolution| C ]//1IEEE
Computer Society Conference on Computer Vision and Pat-
tern Recognition. Washington DC, USA, 2006, 2. 1948-
1955.

[1971JOSHI M V, CHAUDHURI S, PANUGANTI R. A leam-
ing-based method for image super-resolution from zoomed
observations[ J]. IEEE Transactions on Systems, Man and
Cybermetics, 2005, 35(3) . 527-537.

[20GUNTURK B K,BATUR A U, ALTUNBASAK Y, et al.
Eigenface-based super-resolution for face recognition
[C]//IEEE International Conference on Image Process-
ing. Rochester, USA, 2002, 2. 845-848.

[21 JGUNTURK B K, BATUR A U, ALTUNBASAK Y, et al.
Eigenface-domain super-resolution for face recognition
[J]. IEEE Transactions on Image Processing, 2003, 12
(5): 597-606.

[22]LI0 Ce, SHUM H Y, ZHANG Changshui. A two-step ap-
proach to hallucinating faces: global parametric model and
local non-parametric model [ C]//IEEE Computer Society
Conference on Computer Vision and Pattern Recognition.
Kauni Marriott, Hawaii, USA, 2001, 1. 192-198.

[23]LIN Dahus, LIU Wei, TANG Xiacou. Layered local pre-
diction network with dynamic learning for face super-reso-
lution[ C]//IEEE International Conference on Image Pro-
cessing. Genova, Italy, 2005, 1. 885-888.

[24]GUPTA M D, RAJARAM S, PETROVIC N, et al. Resto-
ration and recognition in a loop[ C]//IEEE Computer Soci-
ety Conference on Computer Vision and Pattern Recogni-
tion. San Diego, USA, 2005, 1. 638-644.

[25] JIA Kui, GONG Shaogang. Multi-resolution patch tensor
for facial expression hallucination [ C ]//IEEE Computer
Society Conference on Computer Vision and Pattern Recog-
nition. New York, USA, 2006, 1; 395-402.

[26] PENG Shiqi, PAN Gang, WU Zhaohui. Leaming-based
super-resolution of 3D face model[ C ]//IEEE International
Conference on Image Processing. Genova, Italy, 2005, 2.
382-385.

[27] WANG Xiaogang, TANG Xiasoou. Hallucinating face by
eigeniransformation[ J]. IEEE Trans on Systems, Man and
Cybernetics, 2005, 35(3) ; 425434.

[28 ]LEE D D, COGNITION H S. The manifold ways of per-
ception[J]. Science, 2000, 290(5500) ; 2268-2269.

[20 ] TENENBAUM J B, SILVAM V D, LANGFORD J C. A
global geometric framework for nonlinear dimensionality re-
duction[ J]. Science, 2000, 290(5500) ; 2319-2323.

[30]ROWEIS § T, SAUL L K. Nonlinear dimensionality reduc-
tion by locally linear embedding[J]. Science, 2000, 230
(5500) ; 2323-2326.

[31 ] BALASUBRAMANIAN M, SCHWARTZ E L, TENEN-
BAUM J B. The Isomap algorithm and topological stability
[J]. Secience, 2002, 295(5552).7.

[32]MING Chantak, ZHANG Junping. An improved super-res-
olution with manifold learning and histogram matching
[C]//Proceedings of IAPR International Conference on
Biometric, LNCS3832. Berlin: Springer-Verlag, 2006:
756-762.

[33]PARK S W, SAVVIDES M. Breaking the limitation of
manifold analysis for super-resolution of facial images
[ C ]//IEEE Internationsl Conference on Acoustics,
Speech, and Signal Processing. Honolulu, USA, 2007,
1. 573-576.

[34 1QIAO Jianping, LIU Ju, CHEN Yenwei. Joint blind super-
resolution and shadow removing[J]. IEICE Transactions
on Information and Systems, 2007, E90-D(12). 2060-
2069.

[35]LIU Y H, CHEN Y T. Face recognition using total margin-
based adaptive fuzzy support vector machines [J]. IEEE
Transactions on Neural Networks, 2007, 18(1); 178-192.

[36 ]WANG Yongqiao, WANG Shouyang, LAT K K. A new fuzzy
support vector machine to evaluste credit risk [J]. IEEE
Transactions on Fuzzy Systems, 2005, 13(6) ; 820-831.

[37]JUANG C F, CHIU S H, SHIU S J. Fuzzy system leamned
through fuzzy clustering and support vector machine for hu-
man skin color segmentation [ J]. IEEE Transactions on
Systems, Man and Cybernetics; Part A, 2007, 37(6);
1077-1087.

[38] WASKE B, BENEDIKTSSON J A. Fusion of support vec-
tor machines for classification of multisensor data [ J ].
IEEE Transactions on Geoscience and Remote Sensing,
2007, 45(12) : 3858-3866.

[39 ]ZAFEIRIOU S, TEFAS A, PITAS I. Minimum class vari-
ance support vector machines[J]. IEEE Transactions on
Image Processing, 2007, 16(10) ; 2551- 2564.

[40]0SUNA E, FREUND R, GIROSI F. Training support vec-
tor machines; an application to face detection [ C]//IEEE

Computer Society Conference on Computer Vision and Pat-



207 .

tern Recognition.San Juan,Puerto Rico,1997: : 130-136.
[ LI Dalong, MERSEREAU R M,SIMSKE S. Blind image
deconvolution using support vector regreion[ C]//IEEE
International Conference on Acoustics,Speech,and Signal
Processing.Philadelphia,USA,2005,2:: 113-116.
] .
- ,2007,35(10) z 4248.
QIAO Jianping,LI1U Ju.A SVM-based blind super-resolu-
tion image restoration algorithm([J] | .Chinese Journal of E-
lectronics,2007,35(10) | 42-48.
[43] JCOMON P. Independent component analysis,a new con-
cept?[J]. Signal Processing,1994,36(3) = 287-314.
] , - 1.
,2002,30(4):570-576.
[LIU Ju,HE Zhenya.A survey of blind source separation
and blind deconvolution [J] . Acta Electronica Sinica,
2002,30(4) ; :570-576.
45] LU Ju,QIAOQ Jiaping. Face allucintion bsed on inde-
pendent component analysis[C] /IEEE International Sym-
posium on Circuits and_Systems. Seatle,USA,2008,1:

3242-3245

;1IEEE IEICE ;

2002 2003
,2005 DAAD

150

’ E 1981 ’ ’ ’
LEICE

20

2009 IEEE International Conference on Robofics and Biomimetics

IEEE

December 18-22,2009,Guilin,Guangxi,China

The 2009 IEEE International Conference on Robotics and Biomimetics(ROBIO)} is to provide a forum for researchers in

the interdisciplinary areas of robotics and biomimetics to dissemninate their latest research results. The theme of 2009 RO-

BIO is"Robot-assisted bioengineering to serve humans".

or detailed format information,please visit the conference website. All acepted papers will be indexed by El and include-

ed in IEEE Xplore .

Important Dates:

Submission of full papers: July 15,2009

roposals of workshops/tutorials: August 31,2009
Paper acceptance: September 30,2009

Final paper submission:: October 15,2009
Secretariat:

Miss Pat Chan

Department of Mechanical and Automation Engineering,

The Chinese University of Hong Kong,Shatin,NT,Hong Kong

"Td . (852)1-2696-1381

Fax: ; (852))2603-6002.

Email: : pchan@ mae.cuhk.edu.hk
Website: www.robio2009.org



