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Abstract: Object recognition in complex scenes is an important task in the Internet of Things (IoT) based edge perception
systems. Infrared polarization images show superior foreground - background contrast in security monitoring and camou-
flage detection. However, due to the limited hardware resources of imaging systems, it is difficult for long-wave infrared
division-of-focal-plane (DoFP) polarization imaging systems to achieve high-quality images in practical applications,
which adversely affects edge perception performance. To this end, a lightweight joint denoising and demosaicking net-
work for infrared polarization images is developed via spatial-frequency collaborative learning. The proposed method em-
ploys a three-stage learning network to enhance the quality of polarization image reconstruction while maintaining low
computational complexity. The dual-domain interactive denoising block leverages the statistical properties of the fre-
quency domain to suppress noise while preserving polarization features. After coarse demosaicking, a lightweight fine re-
construction module is adopted to generate the final results. Depthwise grouped convolutions are used to reduce model pa-
rameter count and improve reconstruction quality. Extensive experiments are performed on the IR-DoT and IR-DoFP data-

sets. The results show that the proposed method achieves superior performance compared with other leading approaches
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while maintaining low computational overhead, making it a low-power, high-quality data preprocessing approach for IoT-

based edge devices.

Key words: internet of things edge intelligence, infrared polarization imaging, denoising and demosaicking, frequency

learning, lightweight model design
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DL Je VU B 3 B % 2] 7 5 CDNDMnet™,
JDMDNSR™., MGCCP 1 PJDNDMnet" 4T H 45
CDNDMnet /& —/M & AN B P BY BHESE,  H
TXIRAEGHTECE KA L DI, EA AL
fJ4E%5 . JDMDNSR & —Fi R B EGE S L LS
FEn R, EAME SRR O T AT RUH TR 1A
G 2 L 38 74T 55 . MGCC 2 B Al seitm
KO EBIE ML D38 Ik —, ERH 7B
IR TE A B 5 S0, DALR &R H BT A Bt s iE
IR . BATE MGCC &Y g MU A4y 52, |
TR AR I TE 1) 25 AR AR AR F] R R MGCC
BRI e o} SR (I T BT 3 SCAS RIS A AR S IIAT:
%% BT LA B A MGCC H 4 DU AN AR B 5 S 1 4y
SCHEAT A S 0 A, AT W B HS DY A i iR 38 3
PJDNDMnet /& & | T 2L /MR 4l B 1) 0 2 4 3%
SUICA 4, 5K AN X4 R 6] LU B BEAR AR SC 51
(A 35 o DA I 28 55 A S T At FH AR ) 250 1l 5
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ALK IS LE (PSNR)  HIZE F AR AL
fa% (SSIMD 1E N EMG & R & Pt bs, 4
SIEEAL T LA EIEAE S,. DoLP A1 AoP B4 L i 1
BE, FTA A5 R T 100 KN RGE 1T 11
B, CAWRERFRMEVE; 7EBLAYMERE 7 T S E s A
WIZ AT I (VR AP 8 bR, SEEREE RNk 1 s .
n] LA F| DCDRnet 5 £ S, 1% PSNR $/H 15 1
46.59 dB, HHELIRALHIMGCC 17248 % 1 0.54 dB,
FAE R B4RV () DoLP &% () PSNR tHHL/E T

39.18 dB I fE . ik &5 538 B T DCDRnet &
LBk B FE v IR, BE A% th AR R ) D
PRf5 5. 5 PJDNDMnet #tt, DCDRnet 7£ Z4( &
10 39.3% ST, EER S, PSNR HUE 5 o842
F+7 1.14 dB. DCDRnet [ B iz 47 i ] B £l T
PJDNDMnet. iR S35 45 5 3% B DCDRnet £ 5 2
FEEE . AR S H0R 5 HEBL ] 2 [ BUAS T B
7, B3 A B T i ) () 21 A R RS R G 8
W5e.

#=1 TEGZEEIR-DOT ERIMEREELES .

Jiik S, PSNR/SSIM DoLP PSNR/SSIM IBATIN /s ZHRE/M
1D_GF + Anscombe + itPD 38.69 /0.9390 34.22/0.8148 0.5123
CDNDMnet 44.05/0.9956 37.25/0.8368 0.0102 8.32
JDMDNSR 45.39/0.9971 38.53/0.8783 0.3892 6.34
MGCC 46.05/0.9976 38.82/0.8814 0.8747 20.02
PJDNDMnet 45.45/0.9982 39.15/0.9636 0.0904 4.07
DCDRnet 46.59 / 0.9987 39.18/0.9603 0.0655 2.47

K5, B 670l R 1 78437 5 6 A 1Y)
DoLP K& 1 AoP BRI B 45 3 . I al LI HY
A% 3CHE ) DCDRnet ££ #1358 28R b 00 55 6 4045 5

W XSG A RIGAUE 1 A5V A BEAN i
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BbAk, AR SRS FH B SE ) IR-DoFP £ 4 4 K 1T
FEASCIR 74, H APMR™ISI AL I % 5 2 5
&, ([l RonE@RE MLy, k2R, R
(19 £ 4 A2 BT A 200 M8 B AR 16 °F 3 APMR . B 7.
K] 8 & 7E H. 52 DoFP L[k B g 2 o e ME AT 8
HEE R Y], DCDRnet 7£ H 52 DoFP #1454 L1
HE RN T H A%

6.5 JHELAZR
1) NP4 25— B Bt SFEM A A3 il 1 2R

ARSCHVE T N o T e L oA 4 A Rk e L
AR SRS . WNR I —AT AT LR, FBRRE
HAR A P B 2 )5, S,» DoLP Al AoP ] PSNR
HISSIM # A B N o %9256 UF B 1 K 2 a) 3
AIE AR 3 4 ARSI PR A 8

2) AU IE SFFM H 2% (B RFAIE il BRI 2 48 1 42
BURE /T, ASCREER T SFFM R 8520 I RFE B 2
B, 120 B 23 (R A AE HEAT A RS SR . IX — B IR
e b 3 BUR G615 B R IR kb 2= [ RFE . a0k 3
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(c) N 1 A FEraY.
K6 AN EAE S AU DoFP & Xt AoP MG E LR . MW LB TFKUCH : (2) HSH , (b)PIDNDMnet, (¢) A SCHEH K1 7772

=2 WAL IR-DoFP £ ER 200 MF= EAVE

APMR 1357

WIRES APMR/dB
Without any processing 31.83
1D_GF + Anscombe + itPD 56.86
CDNDMnet 64.09
JDMDNSR 67.98
MGCC 67.36
PJIDNDMnet 69.86
DCDRnet 72.89

MIZE AT 7, B BRPtob BRI ORI AR 7 BB E
FEFE, R 2 R IR 2 % DoLP A1 AoP () H i 5T
o XM T EIG RS B ARG T T B
R UG B W B ZE . PWConv BLHR & 4 i i
Hoi, DU TTRE R S A AR K T S RRAS,  [RIIS
RERBEE . PR IE R & 45 P A S AT E
PWConv It ﬁﬁ@f%ﬁﬁkkfﬁ%%%?ﬁ
BZ 5HEA, TR R BIE N, TOARIE
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R v A 75 R AR R, VR ERRAELE AU 4y S
M 52 21— BRI, R e il e pe b 2 T
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3) JNURAIE SFFB A 48 FH A [R] 15 B %) e 2% 25 3
M, AR E T AR flSL I 0T b B AL
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HRAE NN E . K4FEIH6THH TAH
& SFFM [PX L4 2R, n U 1Y SFFM 4=
N3RS, FEAY) PSNR BEEZER A K. HiE
FI| 3 4™ SFFM 7E PR FFECLT 5 8 11 e 1) [R] I 2 A T
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K8 ARIJFAEEF S DoFP BIE EXT AoP BRI L5 R . I LB FKICN: (2)S, E& , (b)PIDNDMnet, (¢ A4 3CHE H 1757

%<3 DCDRnet FE— A EIMLI&EE IR-DOT ik E
EETEELER.

o S, DoLP AoP
SO
PSNR/SSIM PSNR/SSIM  PSNR/SSIM

w/o FFT IFFT 44.99/0.9980 38.85/0.9584 20.58/0.6229

w/o concat 44.51/0.9976 36.08/0.9275 18.74/0.5503
w/o PWConv 46.21/0.9987 39.19/0.9651 20.74/0.6307
DCDRnet 46.59/0.9987 39.18/0.9603 21.21/0.6509

4) BE AT 25 55 = Be I N2 s RS 0 4k
B, RASHE B —8mmr =0, 3ok
SRAEMATIE — R R EUE e, DL AT S ARG 43 0
BORVERERISEM, SEIGEE RN S . K PUAS I
TR FE ] 7y BB B B obrtE GG, AR
I RS, DoLP A1 AoP ] PSNR 435l B&AK 2
1.2 dB 1 0.24 dB, SSIM i H Bl AS [F) F2 25 1 °F [%
KRR UEEFEEE GRS RS AR TR IREE
TEMIT AL, 255 S Bt e iS40 (Rl I AH B

T, MmsEmmiRE SMRES®E, mHiZE%
ik gk T ASMYTHE IR . fEFEER LRM 4]
HAGRE, BIEEE S TR RIS, Sy
DoLP F1 AoP #£ PSNR F1 SSIM f&#r E¥JH Bl F
B, XA AR AE K 45 5B e (S B E A
i EAA EEEH.

5) NIAEA SCE I = B AR 0 Rk, R
BT T R B SLL, S RWE 6N, MEH
B BT A B Be ) S8 B AR I, PSNR A1 SSIM 48 b
IRBN AR, TR T AR SCHR 7 VA I BAR wE
5 — RO A B B A A B RRDB BBy, R
DoLP f& 51k 2| R i A8, (HAEREE S, H1 AoP 45
PRt 2 B, “F¥JPSNR FF%0.69 dB, #H7s 7 ff
F B AMEEEEAT AL P R PR o ISR J AN S8
ATLAVEH, B =B BAUE N 0.045M 1S5, Al
S PSNR#70.33 dB, XiERH T BLE D B S5
BN B PERe Y 2

R4 TEERHEX IR-DOT MK E L FEREHNZNILLER .

i Hi S0 DoLP AoP BHR M
PSNR/SSIM PSNR/SSIM PSNR/SSIM

Conv in SFFM 2 45.38/0.9983 38.13/0.9555 20.39/0.6286 2.429
Conv in SFFM 4 46.55/0.9987 39.29/0.9624 21.14/0.6535 2.933
Conv in SFFM 5 47.11/0.9988 40.06/0.9702 21.41/0.6609 3.498
SFFM 2 45.77/0.9984 38.64/0.9546 20.53/0.6167 2.224
SFFM 4 46.13/0.9987 38.68/0.9518 20.99/0.6508 2.732
SFFM 5 46.65/0.9987 39.15/0.9603 21.29/0.6643 2.987
DCDRnet 3,3 46.59/0.9987 39.18/0.9603 21.21/0.6509 2478
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#5 DCDRnet E=MEEFEMLEIE B IR-DOT MK E
LHITEER.
S, DoLP AoP
PSNR/SSIM PSNR/SSIM PSNR/SSIM
Replace DWconv with conv 45.12/0.9983 37.98/0.9542 19.96/0.6248
w/o the first PWConv 45.74/0.9984 38.60/0.9559 20.58/0.6266
DCDRnet 46.59/0.9987 39.18/0.9603 21.21/0.6509
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LR E N SEOREWE A E,  TAE AT
REPR ] DoLP F1 AoP FIfRAt 2% . 454 -F 35 PSNR
fabr, WARM o, = 1.5 EARITESH.

X 45 % bR BB =B B & S B SE I8 Wk 9 P
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H o, DLEARIRTTR R ZENE o, RGO R
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T R PR i) DX 28 S 200 1 G5 AL 1 R TA BE AT . B AN
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AT MR I 24 S B 95 ) v R P i R R, R
SCHEH T —FhH T LWIR DoFP 41 4Mim i B4 1)
BHEHE AL S EEML, BRI M
PR B R IFRD TE RER . BRI, A
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AP IR, H e, ASCBE TR HA MR,
AL P B i 2K AN S LE 19X 2% 2 5T 38 41k 2
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TR RS, IR GRS
A BB SR, RN EE R, S
R GG ER T o 5 U 7 IR B S a8 A
SRR 45 RAE] T A SRR MBI E &R T
AR TP, O REMIR I 15 24 72 214 M i Sk S
SUESEOE T BA IR G R R R T T i

SR, A SCTHEAE TG XA IRAFAE — 52 DY
AP IS, X R d TR i R
SR FH 4 5 24 AR5 1 D) e S s B 00 2 5 ) — bk
LRI, T AE AR AL A AL PRI B X IRT RE S
BT RILBE I TR RRTARRHE & TINGS
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HIFGRERE A5

#*6 DCDRnet Z(M R REIMLEIRETE IR-DOT ik LAITMEEER

s S, DoLP AoP v
SRR ZHE/M
PSNR/SSIM PSNR/SSIM PSNR/SSIM
SFFB-SFFB-LRB 45.38/0.9983 38.05/0.9497 20.59/0.6305 1.581
RRDB-SFFB-LRB 45.33/0.9982 38.95/0.9612 20.63/0.6262 2478
RRDB-RRDB-LRB 45.77/0.9983 39.52/0.9650 20.91/0.6407 3.375
SFFB-RRDB 46.03/0.9986 39.41/0.9635 21.22/0.6528 2.433
SFFB-RRDB-LRB 46.59/0.9987 39.18/0.9603 21.21/0.6509 2478
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