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High Speed Sparse-coding Superresolution by Using Multiple Segmented Basis Dictionaries
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ABSTRACT

Single-frame superresolution (single-frame SR) is a technique to improve the quality of low

resolution images that restores lost fine details by adding high frequency components extracted from
other images. In the field of single-frame SR, example-based superresolution (example-based SR) has
been actively studied for many years because of its high restoration capability. Recently, example-based
SR using sparse coding (ScSR) has become increasingly popular because it can restore the lost fine
details accurately with a processing time that is significantly lower compared to that of the ordinary
example-based SR. However, it is still necessary to accelerate the algorithm for practical use. To this
end, we propose a new technique to accelerate the ScSR algorithm by splitting the dictionary used in
ScSR into multiple sub-dictionaries to reduce the number of matchings between basis in the dictionary
and input patches extracted from an input low resolution image. Our experimental results show that the
proposed technique can reduce the processing time by more than 50% without compromising the

restoration accuracy.
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Fig. 1 Overview of Sparse-coding Superresolution.
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Fig. 2 Example of test image and basis image generated
from other training images.
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Fig. 3 Accumulated number of references in an ScSR
test with 6,152 patches and 256 basis are used to
compute the number of references. Basis A and B,
at sparse-level 3 and 24 respectively.
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Fig. 4 Comparison between conventional method
(single dictionary) and proposed multiple sub-
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each sparse-level.

REREIRGL

4-1  RERMHE

RRFIEOFINMELRRET D720
Pl ER 21T 9 .
7 Bt TlX, Berkeley Segmentation Dataset® 7> &

, WEkFIELED

BHR L1682 FV THRERFE 25245 (Fig. 6) .

2T, IERfERIT2AfE ICEEL, Ny FHA X%
9X9, FEHEEN LML T 5%y FOMREKIL65,728
fH& L7, BFEIIK-SVDIEYZMH L, #R%% & K
DEFZ40BE# D K L,

1,024 D FLJEE 2 B4 L 7=,

£z, WERRFH &2 S LT 5 720 Ny ISR
LCEMS @M L, FEBECEN LEAHE

R MV ETFHRT MVITREE L —HICREIEL TR
&, BB ETIE, AN {%w&?ﬂamw:/w%%
NS DRI MLV TCERSYZERM EZELTHroiEH
T 5. RERTIL, ?@Ay%%@%ﬁﬁ%%fﬁ
FE %54 99.9% 3% E L 7=,
HIRGEEETIX, RTF—4% % v b OB & & 1208
DT A NEBZ, 12F XY T 7 LT

Wi & U7z BC, & TGO iR GBI Z 3E
T O MR oo E A ki L7 (Fig. 7) .
Ry FHA RIFEHELFRETHY, Sy F a2
TAHMMII2E 7L Lz, - T, BT
Ny FHITTE T BASD A —N—=F T 52 LT
0%, BEipofEEICE L ClE, Eeo 7zl THE
gt L= Aoy & ) U Ol & Le. &
7o, ANR—=Ra—F7 4 70, ARKETHDIER
~ v F U TBREHERA L. A=A LUV, 2,
3, 4, 5, 7, 9, 12, 200937 — > CTHEBREIT-T-.
FTAR X BLETAM T AV S 3L D PSNRTITLY, A
B Thi (4 F2—t v 7 il & R DSCSR &
Z bz U7z

WIZ, FHlixtS% & U CARE O RRRE A T
L. 9, LR O L RN 1,048 O FEE
EEFEAL LT, REBRICBITHMEEL T 2.
WIZ, FEEBTIL, SEEAD30%IZH Y4 5 FEEE
M LT REE A 65,7128 D /Ny TN LIRS 5.
FEECIHE, FEFEAZAN—RREFIEZ VTS
L7/ NEIRFEETH Y, FEEBL RV A X2k d.
ﬁiB&ﬁicwém X, AIEN I ERORK
JEZREST HDITH L, BHEI, mAIIE < DEE
%%%Lk%,%®¢h , —EBOIEEEZEINL
TR/ N LR EEE A W BEE T 2 A Th D, &R,
FEEDIX, FEEAND T U MR ZIRINL, §F
EC L, RV A XD N ERFFEA LT H.
FEEDIE, BHUIEFIC IS < ZEEREIRO A 20 % i
AT A DI TS

Ricoh Technical Report No.42

21

FEBRUARY, 2017



Fig. 7 Example of test images.
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Fig. 11 Processing flow (top) and processing time of each
steps (bottom).
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Fig. 12 Example of test images.

5, #H

KR TIE, HEDANR—Ra—F 1 7123
FEEEG A EE T D FIE L LT, BEEA AR
DSTERIR S AU D NEFF I F S\ T N R ECEE 2 8
D PEERE L. BRI, FHl Ny 7% il
CAERR L= BEEREICEI 0 2 CC, SRINERF Tz
FRIBIEE S 20 EAL30%5y DR 2 fil L, IRIER
V23 B 7R N R R 2 A /N — A L RS L
7o FEBRTCIE, BINEFIOSC AT 8EEY)
DB THEMRT2Z LT, FEEYA XEITD13I1
/LT, A=A LULSPL b CREfR G AL 9
5T LT, TOFEEEMEH LIZSE L RIFEOE L
BEDE DL, o, AFEEERZ 1200 FICEN T
HZEERLE. A%OBELEL LT, EEOHT
FEOBRTFNFETF OND. AR TiE, HEMICFEME
Ry FHHANHELE LI EERICEI Y M THZ & TFF
HFONEEATo T2, AHIT, FREMITS 21TV,
FBIEF T S 0§ W EE OFfiE & E B
RS B MRS S .

BE 3
1)  W.T. Freeman, T. R. Jones, E. C. Pasztor: Example-

based Super-Resolution, /EEE Computer Graphics
and Applications, Vol. 22, No. 2, pp. 56-65 (2002).

2) W. T. Freeman, E. C. Pasztor, O. T. Carmichael:
Learning Low-Level Vision, Proceedings of the
Seventh IEEE International Conference on, Vol. 2,
pp. 1182-1189 (1999).

3) J. Yang et al.: Image super-resolution as sparse
representation of raw image patches, Proc. IEEE
Conference on. Computer  Vision  Pattern
Recognition, pp. 1-8 (2008).

4) J. Yang et al.: Image Super-Resolution Via Sparse
Representation, Proc. Image Processing, IEEE
Transactions on, pp. 2861-2873 (2010).

5) R. Zeyde et al.: On single image scale-up using
sparse-representations, Proceedings of the 7th
international conference on Curves and Surfaces,
pp. 711-730 (2012).

6) S. Dai et al.: SoftCuts: A soft edge smoothness prior
for color image super-resolution, /EEE Transactions
on Image Processing, Vol. 18, No. 5, pp. 969-981
(2009).

Ricoh Technical Report No.42

FEBRUARY, 2017



7) M. Aharon, M. Elad, A. Bruckstein: K-SVD: An
Algorithm for Designing Overcomplete Dictionaries
for Sparse Representation, IEEE Transactions on
Signal Processing, Vol. 54, No. 11, pp. 4311-4322
(2006).

8) D. Martin et al.: A database of human segmented
natural images and its application to evaluating
segmentation algorithms and measuring ecological
statistics, Computer Vision, 2001. ICCV 2001.
Proceedings. Eighth IEEFE International Conference
on, Vol. 2, pp. 419-423 (2001).

1E£1)  Core i5iZIntel Inc. D FHHE T,
7£2)  Windows7/ZMicrosoft Corp.? PAIE T3 .

Ricoh Technical Report No.42 25 FEBRUARY, 2017



