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Super-resolution reconstruction with photometric
change of color image sequence
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Abstract: In order to realize the super-resolution reconstruction of color sequence images when the ex-
ternal illumination changes or the camera adjusts integration time automatically, an algorithm has
been proposed. Firstly, the images’ histograms of oriented gradients (HOG) are extracted as the
matching characters and the correlation coefficient is used as the similarity measurements for geomet-
ric registration. Secondly, a photometric model is established to achieve photometric registration. Fi-
nally, the algorithm of Maximum a Posteriori (MAP) is adopted to get high-resolution images. In or-
der to show the advantage of the algorithm, the results of the average gradient, information entropy
and image contrast metric (ICM) of reconstructed images are given. The results show that the average
gradient and information entropy of these high-resolution images are enhanced significantly and images
have more information. The algorithm is robust to photometric change and it can obviously reduce the
photometric difference between the reconstructed images and improve the contrast of color images.

Key words: color sequence; super-resolution reconstruction; photometric change; HOG; ICM; photo-

metric registration;

W EHEI:2013-01-11; f&IT B #3:2013-03-27.
EEWAB :HEAKF¥ES (No. 61172111)
* #{Z B & A » E-mail: hangl@ ciomp. an. cn



5141 U A5 OCEEAR Y 2% @ )7 51 50 73 kR E 107

|

uu\«

WE & R 0 1R 18R B 5 13 B R 43 3
AR K R (0, O S Bt 3 R R T 5T
AR IS A SO RS AR SR HIL B Bl i S
SRR BN B 197 5 BROG E AR A,
o T MG i RS S R A .

AT SO 0 B R A IT ik EEA MW, —
KRR TRAMBL BB TEINEL,
Forb Z R0 B0 0L WO HITE R 6 GO/ 73 B 3 8
b Elad™ 85 R 5t 228 (19 07 15 1 218 GBS0
e A b EGGE o U 25 ) 1] R R
MR P2 A R 3k . Gevrekel il Gunturk™ #2

PR — b A 2 PR AR B R AT O B VT B, E T ) B O
B E A SRR @W]T%Vﬁ']LﬁE@
Capel ™ 5 1 S 2 HUEIE 9 Harris £ #1718 )
it R SR ATy ) 72 Hh A5 Y ??ﬁﬁlﬂ@&ﬂiii
KR T E . Wen-Yi Zhao' % A
G3HT T O B A Xk R A R 7 AR S 4 —
T2 E A, AR U AR BRI S R
Tk I A PR AR R R

F OGRS A1 7 5 UG I o B i
B U e DR R @R . AR
JEAR Y 0 AR Y 9 AT T ART C 9 1), o 2R 4 B
FRAE XS 't BEAS A LU BBURR ) 25 ) 1 AR DR T L 5%
Wil iz 2 Al T oK BE . N 1Y O BE AR R B AT R v
W R ER Z DGR ARk . 59 AN G R LK
EERE ST ELZHE R e i 7]‘54"1_
% JE AR R AIE LA B A B A i vp €008 3 2 []
0 HAR DM 4

BT BIRHT BE XSO0 EE AR A IR ) )
P58 S i 30 o L A S e 4 BT AR R R X
Y J7 1m) 86 B H 7 8 (Histograms of Oriented
Gradients, HOG) # #& + . F| F 7] 32 5 — AL AH OC &
B Ry AR JEE S 2 U, 5 JBOAH OG R B0 R A
VE SR VEBC A7 B, 30 ok gl D' 2 0 B A AR A 300 5
280, B Ja A B K5 38 (Maximum a Posteriori,
MAP)HEZER i R . AT K2 B0 7 B
R SO AR SCH T EUGAR B RRE o E AR

IO, AL BEXT R R ARG, A SO HOG i
TR R Gz Ak iF 7w, BUS T 8R4
e

2 HOG #% & TR K

HOG #ifii& 7 i AR 78— | R, =y &8
H bR 19 26 G FUE IR BB 08 086 2 50501 2% 18 U7 [n) %% &%
AR MR . HOG ¢ AE 78 EE 1 J=) &6 40 i
BATT AR L DRI X TR TLART RO 2 0E 722 1 RE
TRFFAR G A B

HOG ik FHEU LT 3 4507,
2.1 HEHEREMAE

TR MR B m e y) S B K BE AR Ak 1 KN B
BETTIA 0Ca, y) W AR R A58 Bl K JE A2 A J5
], D L (2) 758086 B iR AN 1)

n’l(l'vy) — A/ GZ,-_’_G‘ZV ) (1)
0z, y) = arctan(gz), (2)

K G, A G, 3 B FRIKT TR 7 1) (4 46 &
0Cx, WA LAE R 0~ 3 0~2x,
2.2 MEHSITAENERE
SKATEMG B 86 B 5 AT AL G2 it . % BR
(IMAGE)iZ'JﬁbE%JFi}%(BL()CK)/ﬁ’l‘ﬁ%lﬁﬂ
A3 W T4 B 50 (CELL) L @0 & 1 (a) s,
CELL J A g3t 46 B 5 7 B, 8 — 4~ BIN 4
) ) 1L A 1(h) fir s

RLOCK|
8 CELL
8| |
CELL BLOCK IMAGE
() B R 5% (b) B B B 7 &

(a)Image division (b)Histogram of gradient

B BRI 5 s B Ty m g it B 5
Fig. 1 Image divided and histograms of oriented gradient
2.3 JA—HFMER HOG #idF
H T )R 8 O B AR Ak DL K AT - BN l:[:f“
AR Ak {45 B RE SR ORE Y AR R R AR R R, L



108 WS BoR

5% 29 &

BLOCK Ay 557 % A5 B 58 32 ik 05 — Ak . 38 3k 13—
1k, bxﬂcﬂﬁﬂ‘rﬂﬁnm fﬁ%%ﬁ%ﬂﬁs&% v
J& BLOCK X B ) i & 9 03— Ak 9 1] &L e 4 5
BLOCK 1 B A B 7 B B W bR AL 1 ) i g
AT AR HAE AL P ¢ T 0 MIEEL.

5 T BLOCK XN 1 [ 1 ¢ B8 23 ] I 3 HE
B, B HOG $#FHiRF
e — L, -norm
[T |
n; = v ’ (3)
1 i v“§+§2 L, norm

A L, norm &S MR B, L, norm /2 KX JL
FA e

3 hREBE

TEHEAT JUART E 6 I 5 AT T 45 8] O B2 22 1k
PEATAG T DA/ B ) B0 8 28 S e i e it 2
JCRECHE . AR SCAR B Ad R P 91 GO BE 22 572
AR, H R EOR IR T AL A 3h I 35 200 R A
A o AR SO R HU— b A7 S A e B BY HE AT I I
TAE.

3.1 EIREKER

XF T A RGB J# i . 799 iR 15148 2 1) 1 28 16 mT
VUl 3 — S B 3R . R A P
SR RANEN T o FUMPEN T B, 3 J2 5 2 Al T 1Y
B g JLATRCHE IS R LA T I PR AR
PR R BB R X e S R, FATT AT LUK — iR 14
837 g = 1) R A G

) a 0 O B:
o | — 0 Qg 0 + 182 . ( 4 )
b2 O O Qp . bl ‘Bb

3.2 EEEANSHE AT
ZHAE T A O Rk EF g L2
W Fh TR AR A 4 SR B AR A RS S
TR S AL #8228 (4) AT DL f Ak B n A A
TG, ) = alGivj). (5)
I 15 R i 45 4 ki o L IR 4 Rl e A i TR 4

B A ME A5 B YE I F o

M-1N-1

>> I <w)
a= N/;()l\;? (6)

2424 IB(la])

=0 j=0

eI,y Iy /AR KN AT MX N EM%,

4 MAP F xR

MAPS B i Fe AR AR JE 8 o FE 5

A DL A R SRR At ] 1&&4&%3@#1%@'[@@
NY, R RS X, 5t B AR A R i AT A
T

Y= HX +E, D)
Ao H 3R7R 25 (8] 28 0 40 FE (L4 42 3l A2 B RO
MTE RSB, ERR 0 HE. AMCHER
NNk Gaussian M, 5900 E N H MR, N
SRR, R X WA 0. 3 A OCHE
H QI Gaussian AL IE4 MAP 1128 b
MMSE f# i,

Xwuap = argmax{ P{Y/X} P{X}} =

argmax{[Y— HX]|"N[Y— HX |+
X'0'Xx}, (8

XF 2 (8) AT e /ME L A
TXuar = R, (9
Hrprs

T=Q'+ H' NH, (10)
R = H'NY, an

N E AR SR i i A AT LA MAP Al 3 5 12
B 2 Al BT A AR RO SK e 1y R B

5 AXH*

ARSCAB X N W 6 4 )5 28 Ak A% 20 B R
JPA 2 k€ [T, NJ#EATE &, XF ER RR i 72
A

= g(Hx) + 7, a2
K o, p a0 SRR = o BRI S M, H 3R
N5 (0] A8 e 00 B g (o) 38w 6 BE X A% i 2 1)
],
5.1 ETF HOG $51ERE it

AR HEET HOG FAE$E 0 ki 17428
Fiftiit. WS FEBZR . W AKB 2, i=
Lo... o N, H i# r, i@ il i S 2 3R 53 A AT
L.

(DOXF 3 A~ 38 38 43 0 #4734 07 45 il 1 So-
bel BRI 3 > 18 B RR

() 6 IR G+ CELL RS B & 7 1| . 8
FERRAE TR F S AL, B B T e TR R
WE—~ BIN,

(3) XA —

4~ BLOCK(2 X 2CELL) #4719 —



13 U A5 OCEEAR Y 2% @ )7 51 50 73 kR E 109
A o A — A DX it — A B BT A R AR

Z X IR HOG F#1iE .

(DR HOG Rk ik 1 Je A 1) 1 03—
AR 5 Z B D AR RL P B2 v U . AR Sl EROL
LA 3R A ) AR O L B B G R
Bt KA A D DT BE A7

OOTHH = = [ 28 (6] A2 A S H .

BIROH ARRBOT R AT .

dist(X,Y) = S (x;— y)P,
i=1

A XY RARM M, 2,y Ron &R,
AR CS) i, A R UG T X A A A e 2 55 IR

KR E R H il LR A (s s )

(20 s say ) AR VE D A6 %] 07 A 3 7E 5 IR A bR

10 78 4t .
/ hiy hiz hys
= |:h21 has hzs}
/ hs1 hsy  hss

5.2 HiERE
AT I8 S A T RO B BCE S . 76 MAP fHiE 42
A AR AR SR A o HER R W R T gk A
IR W SR 3, A SO AR B2 R v oK i
BEES HW 2. X = BT AL P
ﬁﬂ%ﬁa‘%%l’%}%%ﬂﬂﬁﬁiﬂﬁ 7, B HI Gi=
see s ND SRR B RABH A LA 8 AR S
&Eﬁ[’ilfzuxﬁ FREEM, f(DG=1,....N)
FRBRARRG « KEEHRINSHEGR 1
R, A AR ik 22 UG AU 1 X A 2 K
MW, XML E R w(z) B4 MAP HESL R {#
FH R ARE SR it s 43 B RO | 2 (15) S
A = “>+72HTW<f( )— Ha®), 45

Ho .y ALK
FEMER R 2 &R,

(13

X e

X2 T | ( 14 )

X3 qX3

Lﬁz(zz) /Lw(zz) Sty
el by

K2 AR
Fig. 2 Frame diagram of algorithm

6 FTHBERLEHMH

6.1 EGITMEE
FAG PR ) 2 W PEAN 1% A G — 0 bk 1 5 ELAR
MES AR BB FeE— 3, A T PR S5 56 B

X HGIAPIZEIN 280, — 2802 51 X R OK BE AR
KIS R A5 B D) — 2R R L
ICM M

6. 1.1 F3#H# 545 88

S5 B BT IR A BN AR R 2 RS
AR YRR AE A S T AR R R OF
JEE A, PGt v A L i 22 s . A
B (1

. |
Ve M-DO(N—D

g Jv f@ﬁ;v fCin i)

K FG ) Vif G ) OV f iy )50 B 7R AR 5.
TR BE T FAEAT VB 1) B B BE B MR N 433 R
I’«?H%w@ﬁﬁu%ﬂt
NP
HomE SCh

H(X) =—

, (16)

1j=1

WHERB T FGREREERE.

-1
> plg(P), an

i=0

Ko L RREMR W R KK ER . P o EE X -
GIT IR BEAA R IR . 48 KB G B R
¥ Pi=1/L, BME RAES A KBEHRIN 5] o3 A B
5 HOXO B SR AA, N 1g(L) . B B Y K
A m¥A] 2R L G R aRFE YEE
T A G 3R B B — K B i B Fe/IMEL O,
IL SRR B .
6.1.2 BT E
PG e B (TCMD 26 F K B K% 6 B LG
BOoRH L a” b gias i), Hoep Lo b kil B
JE Lo b KHIA R, ICM & Lt (18) f R .
ICM = (ay X C:+ ap X CHY?, (18)
Hrfr, gmf YR, C R AN HE, o
weECHCHUNE,CH C WitELsXm
A R ICM A 0,17, 0 FRIREEXT 1L B
B2 1 RN EUGXT LE BE e bt

5



110 W5 Bs

5% 29 &

Nl
— —k
JCg = ;} NIP(Ik)

a.

Nl
{Cc a” ; ;’:*

6.2 IHHERSHM

SIS 4 8 MATLAB7. 0(2010b) , CPU Ky
Intel(R) Core(TM) i3-2120, i J& 3. 30 GHz,
44 Intel(R)HD Graphics Family, N H & A
SCHETE AR o PE R A RO Fx O B ARk
e AT T L SEE . i TR X A
BBEAT i /NAE B
6.2.1 FH&EEHFIFHN

AR 2] 52 B0 X S AR €40 B BEAT O Ay PR R E
L, XEF P E S EE W B BEAT I S, 3k
7 18 W 320 X 240 {43 BT HI AR . B 3 rh
S A S 3,915 i,

PCL )

3 =R HERER

Fig. 3 Three frames of low resolution images

ST VMR RS Y BT A DA A (R
AR SCH @R IATX SR . AR WK R AT
6B BE U R TR 2. AR 4 A 5 vk
R PEAGE :. 5F 9 WU (5 E A ROR niEl 4
(a) s (D) 7 s BB EME 200 X 200 1Y X I 47
T (R A Y LA ANl A (o TR .

(a) 1 fEL AT 1R

(a) Interpolated image

(D) A HE
(b) Proposed algorithm

() 475 En
(¢) Details show

B4 559 Mtde i 1 45 i g g

Fig. 4 Single frame interpolation images and

reconstruction images

SR S 24 6 R A B o A R R AT T
o s RINE 1.8 2 iR,

*1 HENEZEGNTHHE
Tab.1 Average gradient of the interpolated images

and reconstruction images

ER AR AR
No. 3 2.512'5 3.857 0
No. 9 2.503 6 3.786 5
No. 15 2.444 8 3.970 8

*2 HBENEZEGNERE
Tab. 2 Information entropy of interpolated images

and reconstruction mages

ERENERE AR
No. 3 7.518 5 7.540 3
No. 9 7.508 5 7.525 2
No. 15 7.497 1 7.518 4

I P e 31 v S 5 P B i P 55
i AT DA Y o PR LA TR .



%1

B L A OB AR AR (U 51 PG 23 B4 gl 111

F1ME 2 G, EEERN M E S5E BN
4 b B ot R R, 2 B o (RS TR I B ST A R
BEEE., LREW.ET HOG $RE 8 1718 3h
T MAP 535 R % B 20 0 B d iR .
6.2.2 KJE-EHM S Fe i

EN RN A= R gl o - 7 O T s N ) €28 Y
Lena %, K /A 256 X 256, X k47 7 45
W5 R I AT 2 A% N SRR, AR R 4 1E
128X 128 M43 HE )7 5 K& . B — Ik 43 BF
REMR AT & R O =R L AR HE R R
3 B R A RO G . A AR 12 R
W BN [R] AR €6 8 S . SE B R AT I,
— WL HEAT L] e o A0 L 55— K AT LA
W OCERCAERME A, B 5 & 128X 128 KR
7 5 UG i =

(DBEAE  (DIE#H (OBE
(a) Underexposure (b)Normal (c)Overexposure
K5 3 Mkt A [F Y R

Fig. 5 Three frames of different light exposure

BEBKRHE TR 2, ERWECH 4, EE G
R R SF R 256 X 256, K 52 5 & & K% 5 16
HE®BRS T3 H,

#£3 TBRERML

Tab. 3 Comparison of the experiment results

fHESR 81 B2

THE IR 1 S ¥ 86 BE A B A ICML, 25
W% 4~6 i, 6t LR BG 3 m BIR R4 9%
RER.

®4 THHEML

Tab. 4 Comparison of average gradient

ISR S 1 S 2
AH 3.614 7 6.340 7 7.820 3
B & 6.529 4 9.266 1 9.266 1
CH 7.253 0 9.341 3 9. 340 4

R5 EREXL

Tab.5 Comparison of Information entropy

(8 ES SIEY 1 i 2
A K 6. 9699 7.5431 7. 7471
B & 7. 8364 7. 9050 7. 9050
C 6. 7817 7.8701 7. 8700
x6 EBILLE

Tab. 6 ICM of relative images
LR TifH T 1 i 2
A 0.086 0 0.0841 0.2276 0.320 6
B A 0.3023 0.3025 0.3860 0.386 0
C 0.3340 0.3248 0.4065 0.404 8

25 PRI AR SCRE I B TS5 B
3 B PR T T N B R R X T g
AN AT G e v E % B 5 RS S 2
B EERE B . (H2X TBEOGIER 1 B & R
it BER C L 40 BE Tl o 1 38k 5 AR 4Ot B i
WER B AT R 25 LT — 2 N B4 &
PG 1 - X506 3 RS SR L B AS BB B B4 58 38 i
B E R EEE,

i G HE B (TICMD 1B 85 SR A/ L 4 {EH B
PN BE B 35 AR 0 X FL B, F T B 6 R I Bl g
St B A AR EE 28 208/ RS ) 6T BE B S R AIG IR
B, SCH 1 45 R, R W L S
MAP T #5575 O A8 08 I $2 5 RO L B L X
WA JE B MR B R L ICM #8570, 1
LA, S 2 RARSC SRR TR g Rt
A FEURBOEA L MBS 406 B T e S5 i G 0t
PO RS LR ORI 3 = T 40 % 247 . EWA
FOREMG AR T T 7 C RO R ES . 20t
JE TC HE S5 X EE B LT R AR L (2 3 F ROk B
“ARWE T R A

Sy i — 2 B U AR SCE R G B AR S AR AR Y
R TR 1 S R S AR SO AR L A R B [ g
TRV AR SE 8 1 B 5 A AR SR — &R



112 W5 Bs

5% 29 &

FISGRE AR &) AR A i AR . SR ERCE 9 i 4 4
FH R 4 (8 550 05 B A SCH i i Sk itk A7 i .
Bl 6 k9 REMER T 3 1, R/l 320X 240,

WEBRRECH 2,847 4 Wk I8k
FARSCEF M E#RLERNE 7 PR, IR EGN
SRR B A B B S L B ICML, B 4 R
2 8~10 fr,

®7 EERRNEML

Tab.7 Comparison of reconstruction

fEEF FXH

B o

23es!

RS FHEEEITLL

Tab. 8 Comparison of average gradient

EGINIERERES ARSI
DK 1.798 2 2.937 6
E KX 2.444 8 3.219 1
F %] 2.953 3 3.497 8
(D BOEA R () IEH (DBt
(d) Underexposure (e)Normal (D) Overexposure

6 3 WO AR IR B P R

Fig. 6 Three frames of different light exposure

Z % X #:

x99 FRENE

Tab. 9 Comparison of information entropy

A {53 AR
D [& 7.049 3 7.3818
E & 7.497 1 7.515 2
F [ 7.574 1 7.648 5

®10 EEILE
Tab. 10 ICM of relative images

G (ERE RS AR
D &l 0.205 5 0.396 8
EHA 0.395 5 0.409 2
F & 0.509 9 0.4350

AT AR A R T R B A B A
5% B RE R0 A SRk S S A O 1 AR 3 AT 4
BIG ) FEHARK IR A R, il FH SOAR S L i B 5
TCIE 2T R B A 2 A5 B A0 B b v T L P A
HEZHEEBWEGR., B£7 XE 10 WEKRS
B T A 28 e B L UE R Y E A R e T IR
BT R, D RIRE e H 3 8 2k 10 v O — 1
LA AR ER MG i EAR AR5 T, F B AT b
MIFFET 0.0749, 9 LARKE T . 25 BTk, A
SCHR I R A 4 e S PR I O B R R R
BE L IEXE AR B — i E .

P — B B AR 38 A1 AR HER T B R
PR EAEE L. BUCRAET HOG FR1EM
D7 V5 IEAT I8 A% T G 0 ST O B AR A 3E AT O
BouE, R MAP Bk fr i, LR, 2 A
X AR HE AR AL S ML A S IR S 1 O
EIGOC AR b B AT — 8 1 B e, 7RI R I 0 T
B S o T ) MR, AT AEN
T ALY 5 43 W R T i oY e 2h A b s A e
FE T A B —E B K TR,

[1] Park S C, Park M K, Kang M G. Super-resolution image reconstruction: a technical overview [J]. IEEE Signal

Processing Magazine, 2003, 20(3): 21-36.

[2] Mairal J, Elad M, Sapiro G. Sparse representation for color image restoration [J]. IEEE Transactions on Image

Processing, 2008, 17(1):53-69.

[3] Gunturk B K, Gevrekci M. High-resolution image reconstruction from multiple differently exposed images [J]. IEEE



1 BUIRIA A O AR 518 5 )7 51 TR 50 70 H A A 113

(4]

(5]

(6]

7]

(8]

(9]

(10]

[11]

(12]

Signal Process Letters, 2006, 13(4):197-200.
Capel D, Zisserman A. Computer vision applied to super resolution [J]. IEEE Signal Processing Magazine, 2003,
20(3):75-86.
WenYi Zhao, Sarnoff C. Super-resolution with significant illumination change [C]// Proc. Int. Conf. Pattern
Recognition, Singapore: Image Processing,2004:1771-1774.
BiaE, X R HOG FHE T R ELR RICEC R L[] . 2090 5 3Ok T42,2012,41(2) :514-516.
Cao Z G, Wu B. Approach on scene matching based on histograms of oriented gradients [J]. Infrared and laser
engineering, 2012,41(2) :514-516. (in Chinese)
Dalal N, Triggs B. Histogram of oriented gradients for human detection [ CJ//International Conference on
Computer Vision and Pattern Recognition,San Diego, USA :Computer Vison and Pattern, 2005, 2. 886-893.
Schultz R R, Meng L. Subpixel motion estimation for super-resolution image sequence enhancement [J]. Journal
of Visual Communication and Image Representation, 1998, 9(1) .38 -50.
R T, BRI PR LA ], sh R . 2012.34(1) :24-30.
Jiang J, Zhang X S. A review of super-resolution reconstruction algorithms [J]. Infrared Technology, 2012, 34
(1) :24 -30. (in Chinese)
kel ARy HEEEFMARLLD]. K1 hE K, 2010.
Zhang J. Research on super resolution reconstruction of images[D]. Changsha: Central South University, 2010.
(in Chinese)
kA, A i, 24 E . FET DSP RGBS PR BUG R BRI (1] &S5 257,2012,27(1) :114-119.
Deng J Q, Liu ] H, Liu T J. Super-resolution image reconstruction technology based on DSP system [ J]. Chinese
Journal of Liquid Crystals and Displays, 2012, 27(1): 114-119. (in Chinese)
Yuan Y H, Zhang J J, Chang B K, et al. Objective quality evaluation of visible and infrared color fusion image
[J]1. Optical Engineering,2011,50(3):033202(1-11).

YEE B BT (1988 —) 0 VLA RN B L0 50 A, E RS BR3P R F . E-mail : yimi1208@163. com



