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Super-resolution Reconstruction for Multi-resolution Image Sequence
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Abstract
(SIFT) and image registration is proposed for multi-resolution image sequence taken in various focal lengths. First, SIFT

A blind super resolution (SR) image reconstruction algorithm based on scale invariant feature transform

keypoints in images are extracted. Then keypoint descriptors are matched initially under the criterion of vectorial angle
cosine and outliers of matches are eliminated by random sample consensus (RANSAC) algorithm to improve registration
accuracy. And registered low-resolution (LR) images are mapped onto a high-resolution (HR) grid according to their
transform parameters. Finally, space pixels are filled in by a pixel reliability weighted algorithm to reconstruct the image
with a higher resolution. Experimental results show that the proposed algorithm can estimate scaling factors accurately
and it is effective in affine transformation and is robust to registration errors within a certain range. The algorithm
can essentially improve the resolution of multi-resolution image sequence with relatively satisfactory reconstruction result
especially under the condition when the number of low-resolution image frames is too small and available information for
reconstruction is seriously insufficient.
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Fig.2 Flowchart of super-resolution reconstruction for

multi-resolution image sequence
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TIE i (P AR B 220 ) T AR 0, 8 R B 1K1
VI OR FER 22 1.26 x 107 M2, FIhik
HiIRZEN 5.60 x 1072 MEE, x4 Ol B
T IS R, X5 SIFT FRAE 55 A & iR
AR 1) R AR R

Bl 7 Ron TR HER TR EUG T 5 5 %
MR B 7 (a) ~T(f) D RIXT N 2 R A
BRI A B, g 1 5 A Sk 1 Ee i
Kl 8, JLrp RpIE G 2N A I B SRR ORI 3 2
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Table 1  Feature extraction and registration errors of Watch images
LR 15 SIFT RHE s 4 YIARVCHC 6t A R VT 6t As (1074 %%) Adz (10~* %%) Ady (10~ 18%)
Yo 393 393 393 0.00 0.00 0.00
Y1 328 171 141 0.83 9.20 14.89
Yo 433 241 227 2.07 7.43 4.42
Y3 355 217 211 1.52 0.01 0.44
Ya 425 212 174 1.74 5.90 4.42
Ys 327 164 142 1.34 6.91 15.03
Y6 339 175 140 2.03 2.67 11.15
Y7 368 200 155 0.56 2.52 4.69

* 2 TREGFIE PR RE RS RN
Table 2 Quantitative comparison of SR reconstruction

result for Watch images

Ik PSNR NMSE SSIM  Time (s)

IR BT 20.98  0.0123  0.8550 0.02
XA 22.73  0.0082 0.8776 0.03
A= YATA 22.56  0.0085  0.8858 0.03
Keren-NI[17] 20.80  0.0128 0.9116 12.60
OXYT-NI'2! 21.01  0.0122  0.9199 9.58

SIFT-MAP!¢l 20.12  0.0150 0.8262  790.90
A (H53%) 2862 0.0021  0.9715 2.15
A (Ehs5%)  33.97  0.0006  0.9918 0.57

T RAGERE L. O T U S EE R
e, B TR PR B P A S % LR,,
¥ e 5 b BAT B Koy Rt —mit LRy AN 8
P, M8 FIEE 2 AT WL, A SCHLSRAG I8 4) 1
R G 4 LA G 1) PR A 7 A RO IR S,
X B 10 00 AT S B R . IRk, fE 2 i
SRR E AT, NE 8 HIM SRR KA
Keren-NIM7 F1 OXYT-NIM2 5035 11 5 g 45 g AL
T BT A 7 V25, IXANEE R 2 1) SSIM {H B AT &
M. BRI RN PSNR T NMSE [R{E#SA L
PP LR AR TV, RS B TR B R 2 A
S G A P K IR, IS SSIML B W i% H PSNR
A NMSE 18 5 fi i e 5 gl 11 45 SR s B 45 4 1)
PE R, WA K 8 A sE PR M 45 . T 4h,
SIFT-MAPM! 53 5 72 (10 45 B3 AN 41 B o 47 8 5
YRR DAE FAZ LA X A R R Al T 18 3 i A4 ]
1%, A JRE b8 SIFT FRAEHEAT 43 X 16 MG UL L,
A A3 LA 4 Jey 4 T VR 3 B )55 44 T30 1R A
VRS BERUAR, #0455 1 B Jm E O i B Ao

BRI 53 22 A X IBEAT Jay 30405 S 7 e 1) 5 H0qk o B8
FERTEC K. itk 8 MR RURIE 23R 2 MR
P #09e WIAS SCH0} 22 93 Wi UG T 51 AT 14 (1)
TR, I DR S R A TSR DR A R
FER . T HNIBATH AR, A SCERAE LM £
W o R kR M R R s
T, B8 Rk 2 iR W, KA SEBr M BCHES BonT LA
PRAF U B g R, HR R R g R AR 2,
PRT LR FH e R 1) 9 B9t v DA s o sl PR T
. FCEEERORT FE S PR U R IR sORS FE B D AH G,
SIFT $FAE sSORE FE IR B AR ZE 2K, 396 4 68 2y Wi
fe I P D N B PRI A P = RSP QR LU
XL (P Bt 2 o T iRy SR S A T SRS

92 WK WoR T A E RS PR KB
MR /D T R G R AR B A A, S
G SRR FAFE I — 4L T RO, R R 482 Sony
DSC-WX1 #H#L, 5 24045, R T o %
H 1080 183 x 1920 4%, A T 3RSk a8 11
AL EEREUE, KB 6 E I A 4 5 R R
FE, 1200 #E300 270 183 x 480 R R K #E %
BIGE 5, B R T O B s . DAL — i 4
R w4y R EMG HRy (R SCIE 4y HEIE I
— 1, WLE 9 (a)), HRy XN T RAE MG K22 i
LRy (K1 9(c)), JPHIH I 6 MEA% o HE R B G AH X T
Z W46 TR TAE 1.57 ~0.71 18], A W%
TE 7.4~ —3.5 2 0], FeE RIS g B/, Horp
B KA Ny i LI 9 (d) A1 9 (e). B 9 (b)
WoR T I AT oy R B (R R
H 7413 %), “a7 BEMHEARR. BT b
TR RBEEEE K (¢ = 4) AT IR EEUE 2 9
R E G >, SR G TR B, B
A HE B, FEE SR (5) 6 SE
AR (PR AT G ECHE, TS 2110 6 i KR T
SIFT HFAE £ 55 VURAC SO BRI L HE S E L 3, R
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K7 FREGESES R RGN ((a) Ko HREE
WG (b) $2HL SIFT FFAE; () HIAAFFAE SUCHD; (d) M FRRE
Je AT ZBCRAIE KUSHE; (e) BRI v 20 B A R A (F) 3
7E A R I ER)
Fig.7 SR reconstruction process of Watch images
((a) LR images; (b) Extraction of SIFT features;
(c) Initial feature matches; (d) Effective feature matches
after false matches elimination; (e¢) Map onto HR grid;

(f) Reconstructed image after “holes” filling)

K8 TFTRIEUGFIIE PR ERLR ((a) oA & Hi% K
B 205 (b) KAFFEZSHEMW yo; (c) BRI FFEACTI M ya;
(d) yo IABITHRE; (e) yo MERMERRE; (f) yo X = IKIH1H;

(2) Keren-NT!' 535, (h) OXYT-NIM2 $73;

(i) SIFT-MAPU! 5135, (5) 45" BARII E PR R
(k) ASCHIL (25D, (1) AL (S 25))
Fig.8 SR reconstruction results of Watch images

((a) Original HR image zo; (b) Reference LR image yo;
(¢) Max resolution LR image y4; (d) Nearest interpolation
of yo; (e) Bilinear interpolation of LRy; (f) Bicubic
interpolation of LRo; (g) Keren-NI'"] method;
(h) OXYT-NI"? method; (i) SIFT-MAP! method;
(j) HR image before “holes” filling; (k) The proposed
method (computed parameters); (1) The proposed method

(actual parameters))

thon] WL o R A K AR S 8 LR, H
I HERL NS 1/0.7094 ~ 1.4 £%.

g BRI R L LI 10, Sk T U BH R 4 R
AR, B LRe 15y G AR BOR B R R
FEFINEE 10 (b) BEATXEEE, (H5 2 WEANES 3 E a0
KUg sy OB T LR WA, ANME LR L,
M7 AR TR, SR W 4. A4
HERLSE R IR, B 10 (F) ~ 10 (i) i DU Aol 22
FB PR EVE BB T SIFT-MAPM 9% 1 % 4
TR T A v ANHER, P ECHE R ZEROR . AR
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K9 ﬁﬁ@f%f?ﬁﬂ rﬁ‘ﬁﬁﬁﬂﬂil% HRo; (b) “a%
1" iﬂ%ﬁuﬁﬁmﬁj\#ﬁleﬁ (c) Tﬁﬁﬁﬁ#i@@’%%ﬂ]ﬂ LRo;
(d) /N HERAR W LRy (e) S KM HFARD W LRs)
Fig.9 Desktop image sequence ((a) Original HR image
HRy; (b) HR image before “holes” filling; (c) Reference
LR image LRo; (d) Min resolution LR image LR1;

(e) Max resolution LR image LR5)

B ZEAN, o = AL T 10 (¢) ~ 10 (e) T =Ff
BT A, EE 10 (F) ~ 10 (h) 48 HBL T G K (0
6 m, SLIE R S R ST WA 1 BAR &5 1)
WA, Ak, BT 2 Wi o e E g g (K10 (f)
~10 (h)) FORFE KM SAAAE, S8ER 4 PRyEA
AR E e I T B KA 22, AT A ST L
FEAE STV A FR bR A i 1T = 22 Wi o o gt
Bk, EANRE I R T ORI R gk
(]

H T WoRER 2R, B 11 BOR T
BB B3 T A 1) A 1 e B bt ] AT P g o
DX IFARR G PRI 7. B 11 R AR SRk
X G L 4 5 T 0 e 0 1 3 UG TR A ) e kg 2
. # 10 A 11 A ORI R 4 (R A LR AR
F R TE A A A ] T R R B E
ARG BUR A SCE 1) FE 25 R S A ) ¢
PLI. BeAb, 2k o) 5 B R s AT I ) B
PG R /N RO AR B 38 hn i 384 0. A SCRVE
ARSIV ) GNP O S YN RPN
N 7EIZ 4TI 1] 5 Keren-NT #1 OXYT-NT £k
HOH M.

4 gl:l 1|:|

PG 7> W A AR TICIR A B S A AR 73 R R
IR #  BUGP B A, i B $88 o 1 — 4
FLT STFT AL R 70 7% 3 T S0k A A BT AL
D AR SR AN L AR 0 A G 5 I e ™
MR ARSCER X AN R ARER R IR B 2 0 R R
FER R P8, - T BldE T STET HFAE 16 73
s @ EA, WA RIUUZ AN STFT R4k
L PR VG FEAR A A 8 it T AL S, JF e 2%
FE T W R ORI AR < SRR SR, S T

..-.

0]
K10 st BP9 B R PR AR ((a) G
ﬁﬁ%%l@ﬂRo() kﬁ#%ﬁ%@L&()Lm
FABILHGE; (d) LRo MEMEGE; (e) LRo A= IRAd{H;
(f) Keren-NIN'" 53%; (g) OXYT-NIM? 43,
(h) SIFT-MAP!S! 503k (i) ASCH%)

Fig.10 SR reconstruction results of parts of Desktop
images ((a) Original HR image H Ro; (b) Max resolution
LR image LRs5; (c) Nearest interpolation of LRp;

(d) Bilinear interpolation of LRy; (e) Bicubic
interpolation of LRo; (f) Keren-NI'" method;

(g) OXYT-NI"? method; (h) SIFT-MAP! method;

(i) The proposed method)
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Table 3  Feature extraction and registration parameters of Watch images

LR FEfgiii  SIFT $RMEm3  WIHAUCELSH  GRLUCAL ST sy (B %)

s (BF) 83 (BF)  sa(BF)  do(BF)  dy(BH)

”" 508 180 144
o 588 216 182
vs 638 280 234
4 689 689 689
Vs 252 257 244
e 698 213 191

1.5693
1.3411
1.1825
1.0000
0.8527
0.7094

—0.0006 0.0016 1.5714 7.4196 —3.5712
—0.0015 0.0031 1.3407 3.3965 —0.6034
—0.0006 0.0001 1.1826 1.1400 —0.5562

0.0000 0.0000 1.0000 0.0000 0.0000
0.0000 —0.0002 0.8522 0.8298 1.0645
0.0002 —0.0011 0.7098 —1.3565 0.5338

(a) (b)
(e ("

(& (h)

K11 SR VBT A1 o i MR A LA ] () SRR S HE R S HRo; (b) LRo sABITHETE; (c) LRo &Ik
E; (d) LRy MU= IKHGHE; (e) Keren-NIT #9%: (f) OXYT-NIM? 503k, (g) SIFT-MAP!Y 3% (h) ASCH)
Fig.11 Fourier transform spectrum of SR reconstruction results for Desktop images ((a) Original HR image H Ro;
(b) Nearest interpolation of LRy; (c) Bilinear interpolation of LRo; (d) Bicubic interpolation of LRo; (e) Keren-NT['")
method; (f) OXYT-NI'? method; (g) SIFT-MAP!Y method; (h) The proposed method)

F4 S G FRHER A E ) AL H R
Table 4 Quantitative comparison of SR reconstruction

results for Desktop images

Hik PSNR  NMSE SSIM Time (s)
FEEBUR (e 27.61 0.0114 0.7515 0.21
LAY 29.14 0.0081  0.8073 0.33
YA 28.73 0.0089  0.7981 0.34

Keren-NI[17] 27.46 0.0119  0.7327 32.74
OXYT-NI*2! 26.99 0.0132 0.7172 27.71

SIFT-MAPI[16] 28.61 0.0091 0.7895 1064.76

ES T 3130 0.0049 08157  26.84
2 R R P A B 7y e . SRR, SO

Bt ST R T U S AR R R [ 4R 0
A5 A R, JUHAE U A I A RE AR A B
RS
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