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Abstract

Aiming at the problems of low spatial resolution and poor imaging effect of infrared image, a su-
per-resolution reconstruction method of infrared image based on dual cycle structure and atten-
tion mechanism is proposed. The introduction of dual loop structure can better restrict the map-
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ping from LR to HR. By introducing CBAM, which integrates multi-dimensional attention mechan-
ism, the network can achieve more detailed reconstruction without significantly improving the
amount of calculation and parameters. Compared with several existing typical methods, the pro-
posed method achieves good results under the condition of significantly reducing the number of
parameters of the model.
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1. 518

LLAMEMGOE — Pl AL AME RS  H AR YRR TH BT R R ZDAM RS, AR PR 2 /M S i FE 1 43
MR EE, EEATIRAE . EN MR WA EROCHEE N RGBSR I SS LA, BRAER)
RIS L. B, NG AT LAEN . K NI FT PR . R EA I[2]; 7F
HL 70 | A% 3t 2 TNV 37 i s i) M 5 180 4% (UL FE (3]s 7EAR [T B ARFR I (1 N B kA7 98 R KR [4] [5):
TEE 7 ZEFAIR 0 B FH 25 (6] [7]-

SRIMT, 2 T LLAMEIRER IHE KT . AR LR B I RS KANER R, A T2 24 MG
TEAEHRRAR . XA 0 IR I S S5 A0 1 (5 S FL AR LA R A7 A 25 b 75 () ) R, 3 A8 ) 8 )
AR — EFEE LR 7 ARG & IR (8] $R A AMEME I AR &, v LAMILRE R (1 151 5 i
AP ENTF, AHXARE R BARMERE « AF R A R0 ARt AF X B A i o

BEE THRMLE AR MR, BRI 2 1) MR AR B 5 145 B FHTE T 48 = BB o MR . 20 2 60 4EAR,
1 Harris 472 1 i g 145 68 70 95 28 5 23 (Single Image Super-Resolution, SISR), F& — ) &K 45 5E 1)
1i53 78 2% FEl4 (Low Resolution, LR)ZEAT B, AT A= s 73 2% 1) €18 (High Resolution, HR) ¥ #£[9].
LRI 7T S EER H RR BE THEE A VA AT R oy R B, 9 a0 X = IR {E (Bicubic interpolation)
T FL ok 79 [10] [11]55 o B THRE R NEAR T R IR B A8 Z BLEE I BCrE B M g =
AL A, REELEBOREIG 2 P 00 FI B ARIE G R AR 8, (Hb T HACERE, 5 EIER0
R 2R, TR E S 1 HR EEARO

ITAER, BRI 2 (W 7038 T A6 7 EEGRE 4 26 B 8 MUK FH IR B 2% >0 3 P 310 77 V5 9F HLEAS T
R . Dong % AT 2014 4E42H 7 SRCNN [12], 33X/ AR FH IR FE 5 S i o ek R 50k . 1%
RS P2 ) LR EEH Bicubic BEHHATHREBORE B AR RS, PN BB R 2 st AT SR 2t
WIS, 75 21 AR R B 4T 1A 4 B 1% (Super Resolution, SR). ST , 11 iR FE 2 S 1ERE /340 8 Tk 2R
SRCNN X 28 R FE R e, A DASE HR B B IR JZ R AR, BRI 7 Al ) B AR . 1R oo, Kim 4%
AHEH) VDSR W45 R RIE N T W92 (R, 151 N Bk 22 45 F LAk I 26 (1) 1B 4k 15 150 [13] - 2017 4, Ledig
GNP SRGAN [14]1 IRTEHE 7> 3 B ARSI N T A ot fi(Generative Adversarial Networks, GAN)
e, e 1 T R Adversarial Loss A1 Content Loss ZH i /845 25 B 8. SRGAN 78— EF2E |
fl R T ARG TR S 2 S T VA Z AR B SRR L s R . 2018 4, Wang S A FFEEH T
GAN [ BAE$EH T ESRGAN [15], Ho¥s SRGAN 4% rh B AR 5% 2= 45 B 7 Residual-in-Residual
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Dense Block (RRDB). 14, 1E&EKIIFIGIUE T GAN HEZL )31k /2 (Batch Normalization, BN) A Y
S BE T ELAHI 2R R e PR AR B, B AE ESRGAN 45 7 BN 2, Wb 1B 28 R N AR
i . RCAN [16]:& Zhang 55 A 1E 2018 fF4& 1) — Ml o R B @ 5%, Bk 7 — ML BA Kk
BRIEBEIN TR Z2 20 A4 11 Residual in Residual (RIR)Z5#4. 7E RIR g5k, &Rk 22 20 P 30l — e 5 A 7 8k
BRI IR 2SR . AN R 2 TR 25 AR EL AL By, o A3 400 22 I 48 5 2 ST R HE IR R 8 R /D MoK B )
TRFAE A BURAAE B L, 385 AR EERR . Blr, Guo 25 A$RH T —Fh i UNet [17)80—ANHE 14 B
I3 SR S PR AR DRN [18]. oAb, UNet 54 H F 5280 LR B EI HR EUE Bt A= il SR, 1
FOOHE AR B 23 SR AR B SR BRS [B] LR JF T 46 1 LR BEAT ELAse, AN S 4 b B B = 3 SCdk A7 43

WA, R SIHLHZE BT EALA U I AR, AR 2 th i 12 FHAE Tl R B
AU, FFIE T RIS . FiR RCAN [ENMRZEHUE h 2 AN EIEE R L RCAB ), HE
TSk o B i R A T 3 S S AR . Woo S5 NS T — Rl E R U HLE] CBAM [19], %
VELEZS [ FIEE AN J7 1) BB TV ER I B A AT TRE, BUS T A ECR .

JOEBET IR FE S IR A e A RIS TR MR, AAMFEE TR 1%k, K240
IF PR N TR AN = IEIE RGN, EMNAESEMERD. BE . SE R AMAEE R
IBIELLANEG ERCRAEE . Ik, SRR 5 o) IX Pl T 008 3k 3 A 2 HE R B E TR B K2 1 B LR/HR
R UG, o LR M2 R g AT IR, AR R 4 5 S SR 51E24 Ground Truth 2% 1) HR
BEAT LB TP AR o IS rP AR MR AT PR R AR [RI R A A2 FR S AN [F) Y LR A HR KA UG, Bk A
i F 77 152 R bicubic FRFE. w2 A N TR HR B8 3] LR AMi# % LRHR & . 48
MM, IS RAR AN = P e BB AR ATt T AR RS B S AL DA PR B S5 R 3 B, JSE
LR/HR B OC R 5 N TR A S BIR R e 2 R, SECTIAINEMIERAMR. thih, Hodkd—
FRAEXHE L T R SAT S, RIS AT SRR T R B R (3R 5 N

BEXFOL BRI R, ARSCHRH T — P T X R AER 25 AR S LRI 20 R 4 T 4988 T XA
TEARGERIRE T, AR B TEAAE ST M LR 2 HR (I, B4 T — %M HR 2 LR 1)
W 3 5N R, Lk E R RO I SE . RSO T, BATE CBAM XFELE T 240
[ei) (PR3 T LI BN, F B Ay R s I 2 oh, AEAN B IR A R B 5 S80S 7B 3
B E R BCR .

2. FFiktd

AR B M 28 SR B 1 FoR . e — 2 T LR LS 3 SR 703, l—2%
SR EG W] LR LR T 504 (B 451 25 (Dual Loss) K%t 73 S 4Lile 82340 SRt 84y S 3L R 4 %
TPEIRGEEH .

TERSY S, NI R INER | SR8t — BB SR BURIURFE, 85 RHIE B 2 kiR
it 20 4~ CBAM ZH s ityid s AL Rt — AR IO Z I IRHE, SR)5, 3@ id PixelShuffle R 3 41 b
KFE, XPRHERIBHT S —ROR. RE, MFMERIES BRI, FREEH 20 AN aRZELS T
CBAM FR A1 PixelShuffle L RAFM T, fa, FHAEH—MERZLREERIRE 250 PR A B g
FERGE PR E . X R A RN PR

X = foon (108)
Xcpam1 = anBAM (f(?l;/iM ( fCUBAM (Xs))) (1)

Xupl = fup (XCBAM 1)
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Figure 1. The architecture of the proposed method
1. MBEHIE

Xceam2 = fanAM (f(?BiM ( chBAM (Xupl)"'))
Xup2 = fup (XCBAMZ) (2
ISR = fre(xupz)

FEARDF, | g BRI PERLINEL,  f,, () R T AT RIURGARFER) 3 % 3
B, SEN R AR X TR0 o () FRMA R 20 A~ CBAM f8t, ne0,1,-,19, Jilk
SRR IR E , A3 H0TR 2 L Xoguy 50 LR, T, () 3% PixelShuffle 1SRBEMBL. 7E4
K@), BARMMSEEH S ARQ)EU, BERN ()R 3x3KWERZ, HTERLIEIEG, Hit
Ja B B EUR R 1 R0

XHBPEIA I SCAN R 1A IR B g MG 3 x 3 B HE . LeakyReL U il B 8 P & CBAM
ER B T HER 3 x 3 BHUZH AT 7 A58 LRAT LR, 70 5 7 (i (8] 45 2R SR
JRAEHIN LR AL THEX B4 < (Dual Loss).  FiRidF2 i R fis

Xdown = fCBAM (O-( fconv ( ISR )))
ILR' = 1:re (Xdown)
Xdown' = fCBAM (O-( 1:conv (Xdown )))

ILR" = fre (Xdown')

®)
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RR

FEARET, g RAREEM S IPRLINEE, f,,()FR3 x 3ERE, o) BB
fegan (1) s CBAM BEHL, Xy Tl Xgo 77 RN T RAHHIE %ELEZE%E’J*@&% fo () 7Tt
Kg I HE .

WA TR ZE S5 (1) CBAM W28 454 I an 1] 2 i, & 5 2l — N8 T8V R LIS HOR 2 (8] V2 = 0L
il DL Je— S K R HES ], FELEAMUTR I — ANk 25 e il BB VR R ML F (5 A T okt
RIS By A, gt AN 2 2 A HL(Multilayer Perceptron, MLP) 25 #HT 0 & 2 AN,
JENH sigmoid g R AL, A ENEEER R, BB R IIAR _FRARYE AN [F 8 E ) R R
ANFIIBCE, [ 24 SRR . Zad FE n] LA AR (3) R

Channel Spatial
Attention Attention

Figure 2. The architecture of CBAM with residual branch
2. HABKRELK CBAM EHREH)E

= o(MLP ( AvgPool (x))) + & MLP (MaxPool (x))) )

Horh x CHEINIREIE L, x, % RHERE], - AvgPool (-) Al MaxPool (-) 43 7 2 7~ it Al Al s K b Ak
fE. MLP(-) RRZEEFINL, o) &R sigmoid FHui B %

ElCIE = WAL I RSB GE = = WA kI Bl (Y W A e i D R AN TR SR RS PSSR = e K e i e o R A e
B AV R ) A WA T IE T 3 AT THEE, oK S MABUE 48 B — 4ERRAAE ], SO ) = TR) AN [ J 38 ) =
EREE, Zid e AR ()R R:

X, = 0'( §7<7 ([AngooI (x); MaxPool (x)])) (5)

Hep, £77()Fm 7 x THIBBUZ, [ AvgPool (x); MaxPool (x) | Zerfé ¥yt (b AN i Rt A i i 45 3
TR EIE T AT I

3. SKRRERDH

31 BIERESEEIZ

TSR, BRI RS (LR HR, )} AL H K = 6558 1 LR/HR BG4, 3k,
HR B (5 #5% y 640 x 512, 8-bit)f& KI5 T i1 FLIR wﬁaﬁﬁﬁ@%l%w&% XL U AR T R
INAIAEJE M Santa Barbara 117, SRR ITENE . FUE AR, A 60% 27 AR, 40%
NI . AT AEREGS, BAVEH T MATLAB X = R E B B0 X L6 2T SNEMG AT 4 15 R R
FE, AR T AN LR BB (5 5% 9 160 x 128, 8-bit). Ak, Fedili Bk ik, #E4 T 1355 41 LR/HR
EIGS F T IR AR « A 25 A5 1Y 2 ] PyTorch HEZEHF A& 1) (Python3.7.7 iR A), H T-IIZR 45 2 ADAM
(Adaptive Moment Estimation), 45125 e& 8 A TR
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K
L(G)):;(”IHR - ISR"2 +||ISR' - Il.R'"2 +||ILR - ILR“"Z) (6)

FRATTXT Fr B L 1) R £ A5 80311 25 1 100 epoch, batch size 13 B A 128. £ S2I& 2 1, 2% 5 K (learning rate,
LR)BEE VI ZRAR 2% (0 R BT R B UIZRUIREIN 1 LR 9 1073, BEEIZRIAIN N 283 FRES) 107, 76
50 4~ epoch 2 Jii, LR TP T 107° HHr4EI%445 R

T B R A AR DR E S s T EERE S, BATH B O RE RS T B RTER
b B4 7 73 skZLAN G RAEINRER, HR A T IEAE {5 LE (Peak Signal to Noise Ratio, PSNR)iX — 2 Wi
PN FaARLL K Variance. Entropy %5 S5 W AN Fia At AT BT 4 H 04 77 ¥k BOE bl J vk AT T BRI . FRATTAR Ak
B Z 4K H 1) 7& H XINFOO Technology Co., Ltd. $& 1) X1320EC £L4ME &%, Ref8433] 320 x 240 43 %
R HMNE R

32. SKRREER

Xt 320 x 240 MK 7> R L ANERUR HEAT 4 588 43 PR F 15 31 1280 x 960 4 HE R (1) 45 an 141 3 fir 7w
Hrp R H G e EAatEd iy LR, KRR G HR. ATLAVE S, BERAT7EERIK HR A RUK
S RRFEIR, AR T BB A FEW L. A E s R

Figure 3. Visual effects of 4x super resolution operations using the experimental data
B 3. RAKEHIE 4 EBOHEERAMTBR

AL J7 725 HAD TR RS RO b ] 4 B, Ho, A2 i UG SR BRATT 7 vk A7
PR R IEE R, AT/ B X LTAE P (SR 3R 40 5 AT RO, 3 5 A IUA il AT O] L.

1 ONERAATIR 077155 bicubic. EDSR S AMILA J7 ke R MM R bR LIt PPN T8
b L&, BAVINESIE ik R, Ha o 4abs Lo sk,

LA ¥ EDSR Al RDN J7¥E R AL B 70 PEAN P b _EIS il S Ha i3, EHSHES TR, EHAFT
TEMRN /N LT A AR B 4 EIBE RN o BATI T IETE N S BRI S8 B R R . M
HExt than sk 2 pos .
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Table 1. Quantitative evaluation of 4 existed SR algorithm and our proposed method

LR

1 BINWFGERMI L AL 4 FR8SER THIFNIERR

RDN DRN

Figure 4. Visual effect comparison with existing methods
4. SMBFHENITBIRIIEL

RANEEE Bicubic EDSR RDN DRN Ours
Variance 35.422 35.888 35.885 34.140 35.632
Range 12.223 12.210 12.217 12.221 12.288
Entropy 0.397 0.424 0.454 0.039 0.449
PSNR / 30.847 31.109 31.590 31.240
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Table 2. Model parameters
2. ERSHE

Jik SR
Bicubic /
EDSR 43.081 M
RDN 22.269 M
DRN 4818 M
Ours 0.213 M

4, g

ZR PR, AR IFSLIGUER] 1 — Pk T XAB IR AL M AN R AL A 2041 BB 20 25 05 1%

E A LK 2 8 R 4T A UG e Ak o B = 4l AL R G i o R DA G o BT R T VE AN AT DA
SJMLR 2] HR (AR MEMUR, JE AT PA%: 2] A HR 2 LR MO E LS,  DUAH BhiE /> PR G b 3 . Jdid 5
ANZ BB AR CBAM, AT A DUHRA IS HERE LR BURIRHIE . 8 I B =1k
EDSR. RDN A1 DRN BRI ALES FAVEA TR, 7T LUK ILIRATTHE 0 77 AMY b FoAth 7732 5 5 4 1
B, M HSHEAD, HREN, BAEGMSHE.
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