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Abstract: Super-resolution is a technique to estimate a higher resolution image from low-resolution images.
In this paper, we apply Bayesian super-resolution using latent variables proposed by Kanemura et al. to
large images. To achieve this, we introduce a method that generalizes the center of rotation. This method
allows good estimation of registration parameters by using the area which has a large change of pixel values.
Furthermore, we can obtain a good estimated image because we can apply an accurate rotation to any small
areas.
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Fig. 1 Example of image that has poor variance of pixel val-

ues in the center area of the image. Flame border of
the center area indicates the center area that has been
conventionally used to estimate the registration param-
eters. In this case, we can not obtain a good estimation
of registration parameters because that area is almost
black.
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Fig. 2 Dividing a large image into small areas.
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RO VEGERL TS
Fig. 3 Applying position gap to a small area. Flame border
indicates the actual output image. White area in the

flame border indicates the unrelated part.
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Fig. 4 Applying position gap to a small area clipped largely.
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(a) JHE# (200x200 px) (b) BUAE{EB] (50x50 px)
5 JRmE[{% & B E OB (Cameraman)

Fig. 5 Original image and an example of observed image

(Cameraman).
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(a) #EdE M

6 FEHMEOEMED R WA OKME (Cameraman, 200 x 200 px)
Fig. 6 Result with no overlap between areas (Cameraman,
200 x 200 px).
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(a) HEEEE (b) BB OHEEE
7 BB OEEE 2px I 72GEOERE (Cameraman,
200 x 200 px)

Fig. 7 Result with 2 px overlap between areas (Cameraman,
200 x 200 px).

(a) FEE (200%200 px) (b) BUAEEH] (50x50 px)
8 Mm% & Bl % DBl (Lenna)

Fig. 8 Original image and an example of observed image

(Lenna).

(a) JEE (200x200 px) (b) BUAIEEH] (50x50 px)

X9 JEm{%LBMEGEOF (Koi)

Fig. 9 Original image and an example of observed image (Koi).
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(b) BENZEFOHEE M

(a) HEE W

10 BImI{E 10 BO¥E O#EFE (Cameraman, 200 x 200 px)
Fig. 10 Result using 10 observed images (Cameraman,
200 x 200 px).

(a) HEE R (b) FENZEEOHEEE

11 BEE 10 OB A O#EE (Lenna, 200 x 200 px)
Fig. 11 Result using 10 observed images (Lenna, 200 x 200 px).

(a) HEE B

12 Bl 10 B OBEOHRE (Koi, 200 x 200 px)
Fig. 12 Result using 10 observed images (Koi, 200 x 200 px).
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R 1 ETIST A= g Ty e

Table 1 Average of estimation errors of registration

parameters.
MBS INT A — 5 g e
Blmg TR EE [px [l [rad]

UENITEES DRI e 1
Cameraman 4 0.435 0.798 0.0230
10 £ 0.079  0.110 0.0018
Lenna 4 0.158 0.172 0.0038
10 £ 0.117  0.157 0.0039
Koi 4 1 0.149  0.128 0.0240
10 ¥ 0.108  0.104 0.0015

F 2 BUIMGEOKES ISNR (10 v b OFH)
Table 2 Numbers of observed images and ISNR (average of 10

sets).
B 5 DR
JE i {5 WL 2 WG 4 10
Cameraman SR 1 0.94 3.28
bilinear 0.6 2.97
ISNR Lenna PG 3.06 3.27
Pl bilinear 2.38 2.64
[dB] Koi RRSILIEE 2.65 3.29
bilinear 2.30 2.96
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ANOFH E TR . K2 A, BRI S O R
mz& v, ISNR 280 E$46 2 &2 nhs,. Tz, BEIE
BagALTwbizd, M10(a), X 11(a), K 12(a) D
HEEWZ 2B \WT, Cameraman OJLE b AHITOIET R
AN EBFOHERE Ty VLFHINTWDL I L5
5. X 10(b), 1 11(b), M 12 (b) IZFENEOHEEE %
RL7z. IS 2s, KGOy DHRFICHB ST
WL EDPHERRTE A, F70, KHEEEICT—NT v T E
BT TRILL TV D720, MO b @Rz y Y
DHHEINTVWLZ EGh5.

4.3 hR/EEHOE-HIZ L VIEE

4.2 BiOEERIZHE N T, HINHIBORAZ L Wil
% V7o FEBR & VERERT 2 1T o 72,
2B L TUiE 256 x 256 px D b & O£ % bilinear {12 & )
L5 REICHR L7252 5B 13 (a) O & 9 12 200 x 200 px
)Y L2 A R % & L, Lenna & Koi [ZBI L Tl
X 14 (a), B 15(a) DL ) I12d & DE{EA S 200 x 200 px
YL EgEEE R E L, 2NENOEERIZE
W, MLETN TN TN L BB OB M5 2 A5
L, ZOBMEG20 %M CEf#EmRgEOMEE 217 .
FERITBEI(21 4 BB L 10 BT - 72, FATRIIE,
5 & Vo BTG A — 513 4.2 HiCERLED

Z 2T, Cameraman
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(a) JRHfg (200x200 px) (b) #BRIEEH] (50x50 px)

13 JREE & BHE S O] (Cameraman)

Fig. 13 Original image and an example of observed image

(Cameraman).

(a) JEfg (200x200 px) (b) BLMEEE (50x50 px)

14 (g & BHE{E OB (Lenna)
Fig. 14 Original image and an example of observed image

(Lenna).

e ! "

(a) JRE{E (200%200 px) (b) BLHIEEHF (50x50 px)
15 JE 5§ & RGO (Koi)

Fig. 15 Original image and an example of observed image

(Koi).
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EFNNT X =7 DOHEER, 3TETHIBRZZL 225D
NEBD D LD 1D EFHWTIT). 16, 17, 18
ICAREBR AL E NS IS W 72/ NI OB 2 7”3, 58
1B IOHE2 D2 & TERZIT- /2.
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wRTX 19, X 20, ® 21, X 22, ¥ 23, X 24 £3% 3,
RA4IRT. L3056, NMETIUTXA—-FOHEEILS
Wi, BBERA, BHOZ LWEGOd.L (JEE1) LD
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RIS 1

T 2

16 fLETIEE ISV 728 (Cameraman) . ARFEER T I IR
1, 2 2 VW ESEEZ T 72

Fig. 16 Areas used to estimate registration parameters (Cam-

eraman). Areas 1 and 2 are used to estimate the reg-

istration parameters.

I 1

I 2

17 AEE TS 72588 (Lenna) . ARFEERTILMHEEL 1, 2
EHWCETNEEEIT- 72

Fig. 17 Areas used to estimate registration parameters

(Lenna). Areas 1 and 2 are used to estimate the reg-

istration parameters.

HHIK 1

i bk 2
18 f7E 3T IIEZE ISV -3HIE (Koi). REBRTIXFHEE 1, 2 &
AnChETNEEEIT- 72

Fig. 18 Areas used to estimate registration parameters (Koi).

Areas 1 and 2 are used to estimate the registration

parameters.

b, FHOE» R (FE2) 2 HWIHEO T
WENRWENICH L Z L0555, 22T, Lenna T
HHE 4 M OBEDEFEIZDOWTOA, fHE 1 ZH V5
LD 2 2D D HEEREDRKE L o TV DA,
CHNRERYy M REC BV EILE 2 IEEDE
LEZONS, T2, 1 ZHWAE4, Cameraman,
Lenna, Koi DWFNOWIZIZBWTH, 3FIETTHOA
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(a) FEI 1 TORER (b) fEkk 2 TORR

19  EINEZ 10 B OB E OHEE % (Cameraman, 200 x 200 px)
Fig. 19 Estimated images using 10 observed images

(Cameraman, 200 x 200 px).

(a) FEIK 1 TORE (b) #HIE 2 TORE

20 Blm{% 10 oA OHEEM % (Lenna, 200 x 200 px)
Fig. 20 Estimated images using 10 observed images (Lenna,
200 x 200 px).

(2) B8 1 COR R

21 BIWZ 10 BOWEOHEETE (Koi, 200 x 200 px)
Fig. 21 Estimated images using 10 observed images (Koi,
200 x 200 px).

(b) fHik 2 TORER

P e, O
b J S =
I i
/ | \‘ {
1\ s v -" I‘
] H L .‘ ’\
/ N ! } /i

(a) fEIL 1 CORER (b) fEHE 2 TORER

22 BENEEoOHEEM (B 10 o4, Cameraman,
200 x 200 px)
Fig. 22 Estimated latent variables (10 observed images,
Cameraman, 200 x 200 px).

BT NXT A — 5 OHEERAEDS, BIIHEG 4 OLE LD
10BMDBEDT DT PR RELZoT0AH., ZOH
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(a) TEIk 1 TORME (b) fEik 2 TORER
23 RNEHOHEME (BmE 10 D54, Lenna,
200 x 200 px)
Fig. 23 Estimated latent variables (10 observed images, Lenna,

200 x 200 px).

.’ /
(a) FEE 1 CORR (b) %k 2 TORR
24 RENEROHEEM (BENEE 10 D4, Koi, 200 x 200 px)
Fig. 24 Estimated latent variables (10 observed images, Koi,
200 x 200 px).

R 3 METIIT A=Y g YR

Table 3 Average of estimation errors of registration

parameters.
METHIST A —%
e e Py
N {5 0D FATREE [px]  [HfEE [rad]

JE (% Mok, A it Uiy
Camera- 4, fHIE 1 0.233  0.228 0.0039
man 4 H, I 2 0.235 0.148 0.0029
10 A&, #EI 1 0.240  0.265 0.0042
10 #&, #E¥% 2  0.101 0.109 0.0028
Lenna 4 B, fEE 1 0.232 0.223 0.0037
4 H, FHEIE 2 0.199 0.155 0.0098
10 A, BRI 1 0.239 0.24 0.0042
10 #¢, #HfE2  0.185 0.140 0.0031
Koi 4K, FEIE 0.233  0.228 0.0037
A, FHI 2 0.151 0.132 0.0024
10 B, #EIE 1 0.240  0.265 0.0042
10 #, #Eik 2  0.111 0.100 0.0018

MIZBEETIEHES 2TV, BHoZ LWl 12
IBMETNOHEIZL & EWEETH 2720, BTG
LT LR DOREE DA BT 5 &) BRGER ST
LN TR ndosEZLNS,

F7o, BaA S, MBETIT XA —F OHEBRED R
AT b ey, FIE T L) D HE 2 &l 72860 ISNR
AR ELTWEZEL005. LoT, EEOHLEDHE

© 2013 Information Processing Society of Japan

x4 BUEIEOBEDR ISNR
Table 4 Numbers of observed images and ISNR (average of 10

sets).
FEHEW (S SR bilinear
J (% B [ 4 10 4 10
Camera-  %HI% 1 253 259 1.65 1.73
man FHIT 2 4.07 4.55 3.23 3.78
ISNR Lenna FEIT 1 269 3.04 175 210
T E fEM 2 3.12 3.87 2.16 2.98
[dB] Koi FEI 1 152 156  1.27  1.32

FHI 2 2.65 3.54 2.37 3.25

WAZBW T R {, B RAETIST X — S HEED
EOHRWEETY, BHOH MO EHSLZ TR
I RAE T 8T 2 — & i & SRS E O FEB AT
RECHLI EDgns. T2, K19~K 21 OHEE WG D
N EFROMEDT y VOFRBL, M 22~ 24 2BV
T, 1 OBE LY LHEE 2 OBEOT Ty T hNEL
FHEINTVBEZ ERnS, HHE 2 OBEIIHEE 1 OE X
DAWEHOL Y YOFHITbNTBY, ETh/IT
A=Y PEFICHEEENTVL I ENEEL TnL EHEL
5.

5. BbhWIC

K ClE, Mg 5% 52 L1250, Kanemura 5
2 & B8RS R G 2 KERICEH L7z, Sha sl
T 50RO FLE (LT A FREEALL., I
IZED, MBEMICKEREDrD D HEBEMVET LT
A—=FOEIH D ZENMEEE rolz. EHIZ, LD
NI LT R @95 2 LA REE 2 D), K
BIZBWTH BIF 2 SR G EGEOHES TR L kol 4
HOBREE LCE, M3 e v 2 580 3 8)ER
/NI D A ADFHERRPEE G 2 5 B O H
Fons,

SE OHUG X 0 EEER 7272 B H BB 1k
W L. RKWUEO ISR F R S (24360152,
21500228) 12X 5.
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