941555
201245 A

P R SR
ACTA PHOTONICA SINICA

Vol. 41 No. 5
May 2012

doi: 10. 3788/gzxb20124105. 0554

L TR B I E AL P ) 21 A (B G Sy PR

AR AR R AR, AR
(1 o 5 - B S =+ ABFSE BT 50 210007)
(2 Tk SR e FLRRERI AR (9 B T B SE00 %, 3 210004

W E.Ro#HERMGEE P, Huber B RT XA LA L —F % A &9 £ 0 4L 5. 4 25 Huber
FRPEEMERMI R TERR R AN, AR — B ERAE Ry B
BBy HEETAL L ERREGBMERBIER T MiE T A T HIE R Ao £ N IR 69 E N AL A ;58
SR T K AR P HE EAELR R EAHENAE, BT Huber & R T X ALY B A P 4
BERMAR ik e s, 045 R AN, B ok Ak B AR IE By 31 A AR AR B 3 ik AR 4 OE ) AL
AFHRINFM BT R DT ORI R T BERE.

KB S AG By HEETE L RT RN HEREL; BES

hE45#ES . TNI1L. 73
0 55

15 0 R 3 AG R R Ak BRI T AT AT A B
HURN 3 BT 0 R AR SR L SRR BUAR AR G AR R 1A
875 0] 3 BERAEAE A R i 2 A5 B A0 33 A 75 oK 5 3 il
PG AE LT A0 A% A0 358 Ry ks

H R RPN AR E T K 43 PR R Y
WFFE TAE - T 207 B A 45 2% AU ] % 52 5 Al R BISR
flh#% . B K 5 % 25 (Maximum A Posteriori
Probability . MAP) LA K [ 38 )3 8 % 12 4. Trani 2 %)
AR 1) 5% R AT T 5T R AR AR A B R K R
55 5 B P 5 A AR L 15 2 S TR B BT X i A 1 ME L, AR
FUE T o B R s Kim S50 300 2% 0 5 0 4%
] S PR HBOA A0S A 3 — b ek i AR Syl O B
RE LD Capel 5§ 5 F 3% B2 4 748 25 45 Al
(14 SCAS G0 43 9 3R B AR B 9A T s Farsiu S5 42 1 3%
T30 4x7E 2 45 R A PR o A B SR OE # 5L
Pham 4§ 4 1y — b & #8875 §F 30 8 gt 080 vk, o d
AN IR 5 158 25 Y B AT RGO J B R
Hardie 4% JH 55 K5 56 WE 246 11 Ak #2140 ER 1Y
e 5 PE RN IR TR 4y W

B PR E o, Huber B /- 0] K Bifi #1137 455 AU
(Huber Markov Random Field, HMRF)#1% & —
i O U A BB L SR T AR AR e g [ S 1 R R
YA R B 2 S MR By e S B T L B
X 0] AL A SR i — ol A B (A 3 Ak 38 A 4T

M ERFRIRAD A

X EHS.1004-4213(2012)05-0554-4
G PG 7 B3 o A O ik B VR T B K 6 R
TEHESLS M 1 2 T R0 S0 T I 35T A 1 3 N G
WU AR AR Y i e T HMRF F 0] 4k 86 B B {H A 5 ik
14 MR

1 MAP BipiEal

o HER AR X AR R BT Y, [ =
L, 2N} B E (E, [k=1,2--N} FIfE A+ H
) (1) OC RABEAY AT R hy

Y,=HX-+E, @)
X ) MAP Al i+ 8 T {0 f5 50 8 2 % B ok 4K
P(X|Y YY) B A, BpEY

X=argmaxP(X|Y,,Y,,Y) (2)
B Bayes s/ #2015

PY,.Y,, Y | X)P(X)
P(Yl 7Y2 9"'YN)

1 MAP J5 F /9 e KA ) 184 Ak S B /s Ak 1)
i, R
X =argmin{ —log[ P(Y,,Y,,-Yy[X)]—
log[ P(X) ]} 4)
K logP (Y, Y, s+ Yy | XD 2 fie K ABLAK R H0 i X
B, logP (XD 2 X 506 HE 23 1 X 4.

2 HMRF IE Mj4¢ 1 5

HMRF 1F ] £ 55 76 2 — Fofr 5 FH %) 1E 0 f6 557
B E XN

3

X=argmax

HETH FHFRHRFFEES (No. 61101199) FITLIR A [ SRR} 4 (No. BK2011699) % Bf
E—EE R A1982—) B TR, i, EE BT A E S AL B Email: baijunqil 68@ yahoo. cn

Wi HA . 2011-12-09;18 B HH:2012-02-08



5 R A, 45 LT B0 S {E A 15 N AL B A 20 40 KGO Jr PR B 555
QX T = 3 Bl (X)) 5y T By
or=1 Cd(X)+p
o(dl . (X D FR NG IETTRA T 2 B (7 % L="Xo+q " T (16
AP & (XOHE TGRSR R S, T R o BB p A g 3 500 2
BAMAE ~ (). CARTUR 1 5058 15 3 50 (X + 0.
df.,y,l(Xk):Xk(I—lay>_2Xk(1‘ay)+ JC(IES)&@% ﬁﬁﬁq /J\ET T/l 1;%%7}&/]
Xilxt1.y) (O g o A 0 08 20 1 300 A L LN B9 3 m
drsa (XD =X (223 =D = 2K (2, )+ ANBEL s TE D028 K I PR3 85 00455 8 5 2
Xz, y+ 1D D o T AAE T 2 R M 5 L0 £ P11 o, 5
d (X=X, (x—1,y—D/2— X, (x,y)+ 5 5E BN BE T,
XiCar Lyt D/2 ® 138 1 MAP 857 9155 83 3 /M E R (17)
dt L (X)=X (x+1,y—D/2— X, (&, )+ (A BR AR 3] X,
X, (z—1,y+1)/2 (€D)

K. dia (X diye (X diys (X AL i
(XD Fm Xo (ow y) fEIE H KPR 2R DL K&
B FA 207 10 9 — By 2247

3 MEREOBEAENBYBE
B2

RS & WU HER AR Y, [k =1.2+ N} Z
fHHN 0.T7 2N o E‘Jnﬁjﬂ;ﬁﬂ%ﬁ%ﬂﬂﬂﬁﬂilﬁlﬁﬁ‘ﬁ,ﬁ
DR BRI P Y, oYy [ X0 R

o H (YluinX) H 2}

PY,,Y,.- 5
13

N
'YN ‘ X) chl:lleXp

10)

4% Markov BEHLIZ AR, e 03 P (XD £k H
P(X)ocexp {—2A || Q(X) | ?} (11)
K, QXD R IEMALTE F/R, Ht, s (DO AT RRH
E | (Y, —H,X) | *

X=argmin 5 AN QXD [ °
Or
(12
N — 2
d(X)=2 | ¥, ZH’X) ” (13)
k=1 Ok
r(X)= QX |* (14)

P d (O FREARI, (XD KR IE W I, A S
e

HMRF 1F W {6 458 7Y v, 33 2% 48
el

S REL p(2, D)

] = |=|<T (15)
2Tz =T |=|>T
A, T%ﬁ“l‘ﬂiﬁ 2| <T 0, pC, T) FmAE
LRVEIE ST R B A | 2| > T Wb o, T) Fm & PR 5
R, T 42 5% W i R A 50 i RO, 24 T A8/
A, R G 4y B [ IS R 1 RE T T R
T AR K}, 5 R ) S W AR S T R
SRy e S B VAN o LR e i P o B R

N
f‘(stTk ,A):mm ; H Y; Hka H 2+

/\Zé)lp(df.,y,,(xk,Tk)} an
Aot 2 1Y~ HLX, |* 307 5 50 ¢ 06 R 50
¥ L Lp<d‘ (X T 3RR Se B A A 1) i A%

4 BOWREEEPR

BB REBGE T X X, ST AU I Bk b
BN
WENIG A
=L,L, « H'Y, (18)

A, X3 R o AR IE R Hy 02 He B3z
LY, AR HEREBIE L Ly AL, 35 @ Ay
7 1] B9 R A K

2) 5 Hbn b B R Grad,

Grad, =V f(X}” . T, \) 19
3) Wit Grad;, #) ) 5R %S [6]
p? =—P « Grad, (20)

USB i BUN=E TN SE S QA IR E 3 1)) v -
PR

D i 4 (D)
TI:i[Ji“TVZ?(r?g;)p,ka,;{)pi” @D
L, VX, Ty oA J& Hessian HH .
)X VK o W pi? Ty I 364X A5 5T 7 #
X{ =X+ pl? (22)
25 5 BE e A6 2
G+1 )
E = ” XH X0 Hk | <e (23)

5 LIEHER

5.1 EBRHE

S 56 BG 51 R T AR i v 20 A0 AR R B8 . o o



556 * T

SO 1%

TR R BRI A AR By T s R eR I (Point
Spread Function, PSF), HAx 1 22 5k H IBD Jy ik 4k
TR o=0.36. 25 [ RFEEH 2 2, IENf S5 A=
0. 004,45 [F 28 =0. 0002, & 1~3 43 B2 A% 5 %
MG AR 53 PR EAR A HMRE TF ) g
AAE R, HMRF 1F W) 46 5 2 A BS RR

-4
B4 %R E G

Fig.1 Low-resolution image

"t ) )

(b) 7=120

K 2 HMRF E | fh&#
Fig. 2 HMREF construction

LU
W3 @iEm HMREF ENfh &2
Fig. 3 Adaptive HMRF construction
O3 HTIEL 1~ 3 AR 0 B R AR JZ OB — , 41 45 A6
WL 55/ HARE AN G 2 (5B T 750 5 81 2 Ca) B 32
BIE T =20, & M5 5 751 P B2 0/, MR 40 1 1k &
U o PRI Bl B TR B OR 2% 5 &1 2. (b) R B B2
BIME T=120, i1 F T BCE A K, FEAES 1 S
S FURAH 1 1 2 7™ 5 1 3 e AR 4 40
FRVIE DU 5T 1 3 7 8 R A G IR O A T A R Y TR B
R T MR 55 /0N H bR I M AT B
5.2 HESW
N B BT 45 B HMRF 5503 i 1 gt R H
& 1= 1 [t (Peak Signal Noise Ratio, PSNR) | %5 5
4y ¥ #% (Radiation Resolution, RR) F1 /5 5 PH % Q %
BG4 T i i TSRS Rk 1.

Fk1 AEBHPBEZEGRHN PSNR A RR ITEHER
Table 1 The PSNR and RR results of different
HMREF algorithms

Fig. 2 Fig. 3 Fig. 4

PSNR 55. 347 59. 926 60. 475
RR 0.701 0. 695 0.707
Q 0.938 0.962 0.975

# 1 1, PSNR Fl Q AR HN /N4 51 J2 : A 8 S
HMRF if Wk & 4 . HMRF [E L8 #(T=120)
HMRF iE WL 5 # (T=20). RR A K F| /N3 51 2
HiE i HMRF G W fk & g . HMRF iF W) 4k & &
(T=20) . HMRF 1E W fk & @ (T =120). PSNR HI
Q W {3 N, HMRF 1F W Ak H 580 3k g A A &
PG A 8 Lk, A 5 38 A RROR B [ 38 B
HMRF 1 W] b 5 g 5800 00 4005 5 8 W 2 g ) Ak,
B st IR 23 R EEIE SR =
0. 000 2.1 245 1k 2504, A & B HMRF GE ) fk &
HEA 8 Y, HMRF 1E 0 Ak F @ (B B [ {6 T=20)
AR 15 W HMRE T )6 8 g OB 2 Bl T=120)
BEAC 1T WL T R R R R AR TR R
MAP fli 3R 7R 19 24 3 S5 AR Ak ) 380, 77 75 i 2 46 B
e 4t ) 0 B B R OR. Bl MAP {1tz
AR T — B BRI A

6 it

B X b 9 A e R 0 A A T R A SR
HH — OB B AL Ak B R £ A0 GO oy B R
R RL YT HMRF G 0 Ak g B2 (A
Ty % (1 ME RS S0 45 R R L B B Bk AR B
S EAR AN B[R] P AT S50 ) T AR L B T AL
S AR R G PERE.

S % 3k

[1] SONG Rui» WU Cheng-ke, FENG Ying, et al. A new MAP
based texture adaptive super-resolution image recon- struction
algorithm[J]. Acta Electronica Sinica, 2009, 37(5): 1124~
1129.

KRB TR BB A — RO T MAP B9 808 [ 3E N
PR MR R A B T ], BT 24 4R, 2009.37(5) : 1124-1129.

[2] IRANI M, PELEG S. Improving resolution by image
registration[ ] ]. CVGIP; Graphical Models and Image Pro
cessing s 1991, 53(3): 231-239.

[3] KIM H, HONG K S. Variational approaches to super-
resolution with contrast enhancement and anisotropic diffusion
[J]. Jowrnal of Electronic Imaging, 2003, 12(2); 244-251.

[4] CAPEL D, ZISSERMAN A. Super-resolution enhancement of
text image sequences| C]. Proceedings of 15th Interna- tional
Conference on Pattern Recognition, Washington DC. IEEE
Computer Society, 2000, 600-605.

[5] FARSIU S, ROBINSON M D, ELAD M, et al. Fast and
robust multiframe super resolution[ J]. IEEE Transactions on
Image Processing » 2004, 13(10) . 1327-1344.

[6] PHAM T Q, Van VLIET L J, SCHUTTE K. Robust super-



FIR AT . &5 5 TR0 0 B 19 05 07 Ak B 9% 20 1 TR 45 4 T 5 o 2

557

resolution by minimizing a Gaussian- weighted ERROR NOrm [9] XIAO Chuang-bai, YU Jing, XUE Yi. A novel fast algorithm
[C]. 4th AIP International Conference and the 1st Congress of for MAP super-resolution image reconstruction[ J . Journal
the IPTIA, Journal of Physics: Conference Series124 (2008) of Computer Research and Development , 2009, 46(5) . 872-
012037, ppl-20. 880.

[7] HARDIE R C., DROEGE D R. A map estimator for HAIH, &5, B — LT MAP BB /0 PR G E A
simultaneous superresolution and detector nonunifomity P LT, AN S & R, 2009,46(5) : 872-880.
correction[ J]. EURASIP Journal on Adwvances in Signal [10] WANG Su-yu, SHEN Lan-sun, ZHUO Li, et al. A weight
Processing » 2007, 1D89354, ppl-11. matrix based blind super resolution restoration algorithm[]].

[8] LOU Shuai, DING Zhen-liang, YUAN Feng, et al. Spatial Acta Electronica Sinica, 2009, 37(6): 1198- 1202.
adaptive regularized MAP super-resolution recon- struction FREE. L2, 5.5, — B3 T RUEE R 0 75 R
algorithm[ J ]. Computer Applications and So ftware, 2009, SR EE AT, B, 2009, 37(6):1198-1202.
26(12) . 238-240. [11] SCHULTZ R R, STEVENSON R L. Extraction of high-
0, TIRE, 2,5, —Fhas 8] A& FE N 4E MAP 8 5 resolution frames from video sequences [ J ]. IEEE

PR E @Ak T WAL S #F, 2009,26(12) : 238-
240.

Transactions on Image Processing , 1996, 5(6): 996-1011.

Super-resolution Reconstruction of Infrared Image Based on
Self-adaptive Gradient Threshold

BAI Jun-qi', ZHENG Jian',ZHAO Chun-guang', WANG Xian-ya®
(1 The 28th Research Institute of China Electronics Technology Group Corporation, Nanjing 210007, China)
(2 Ministerial Key Laboratory of JGMT, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In the super-resolution image reconstruction, the model of Huber-markov random field is a
common regularizing operator. Aiming at the unsatisfying effect of image reconstruction caused by fixed
gradient threshold in the Huber function, a super-resolution reconstruction algorithm is proposed based on
self-adaptive gradient threshold. The regularizing model is structured based on data item and regular item
under the maximum a posteriori probability framework; the regularizing parameters are updated using the
intermediate results via iterative method and can solve the selected problem of gradient threshold in the
model of Huber-markov random field. Experimental results show, the improved algorithm can select the
proper regularizing parameters based on local gratitude threshold and find the optimal result, recover
detailed information and eliminate noise effectively.

Key words: Infrared image; Super-resolution reconstruction; Markov random field; Gradient threshold;
Self-adaptive



