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Abstract

This article proposes an image fusion method based on non-negative matrix factorization (NMF)
and non-subsampled shearlet transform (NSST). The method combines NMF and NSST to extract
the common and structural information of images, resulting in clearer, more natural, and accurate
image fusion results. Specifically, we use NMF to decompose multiple input images and obtain
their common and individual parts. Through the decomposition of NMF, the original image can be
represented as a product of a non-negative matrix V, which contains the pixel values of the origi-
nal image and several columns representing the basis matrix of the image. In our method, the
common part corresponds to the information shared by the images, while the individual part cor-
responds to the individual features of the images. Then, we use NSST to decompose the common
and individual parts to obtain image information at different scales and orientations. NSST is a
multiscale analysis method based on shearlet transform, which can preserve the structural infor-
mation of the image and suppress the pseudo-Gibbs phenomenon. Finally, we fuse the common
and individual parts processed by NSST separately to obtain an output image that integrates the
details and features of the image. This fusion method can handle images of different types, sizes,
and resolutions well and performs well in processing complex situations. To verify the perfor-
mance of the proposed method, we conducted experiments on different datasets and compared
them with other commonly used image fusion methods. The experimental results show that the
proposed method achieves good fusion effects. Therefore, the method proposed in this article has
a wide range of application prospects in the field of image fusion.
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1. 518

TEIE G RE T, BT B AL AR B PR ), 1R 208 R PR Lk HEA RS o PR 2 alk B&[1].
NTARBEAERERZ S ER, 3 m BRI AR B A2, EE ARG 2 RG22 0EEIE,
F A BRI G B 2 s EE e E B S, IR E N2 0ERE. 252
R R M B A FERAAESR I H ARSI 73 K55 07 R 5 B MIER . Bk, EAEEA T
2O 22001 MG Rl &t RO 1 18 I3 RAR Rl 5 T 9 1 B ORI A R

YT G HE N LR T RS ENR G A EE AR E AT E2].
BOF- 3474 [3] PCA IE[4]. /DU AR#[5]. 2 /0 B [6] i 738 [7] 3E N RAFR 5T ) A8 4
(Non-Subsampled Shearlet Transform, NSST) [8]%F. REFSAZE[I]HEH 7 — M3 FHE T RAEBI DI A e, ¥
X 577 T A 5 5 [ YA WL 45 & ) I R b & B, TESR 18 KRG 25 8] 43 4 2 1) R s o {E
HRMRE TSR . MR AZE[1016 IHS F1 NSST #1454, # RGB EUEAR He B HH <M /N i) THS i
o2z [a], £33 7 GRS SR 2 A 4075 5 47 (1) B4 . Weiguo Wan [11]3&H 7 — & T35 T KA BT U1 A 2,
¥ PCA FI HIS M&5 & G RL & 5%, &6 1 RG BRI | P, s 7 gy, b 7obigk
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IR . FhVAESE[12]% PCA 5 NSCT A RN EATE5 &, FdiAT PCA WA # A1 NSCT 1048 415 5|
A EG, 1R T mA RGBSR E. FFUFEE[13)K PCA il NSST M4 &, FIH IR/ —TRygik 3k
RZ REZSEPATEER, 5 Tas BRIy ER, R RS T SRR, WE S5 [14]H k32
H— R Al SR B o AR B Ak A UG SR, 2 EE RS YRR R, IF FLRERS 56 4 AR B S R i
HGAER . FLE[ISHRE T — M a3 HF - A 608 REOERE, A8 AR B IE 71U R 23 il (SNMF) 1)
BiG 7k, AR E R, Habe BUREA BN aikE A s .

ETIRES MG 2 EEE BB M4 (CNN) SR BE 22 2 HoR,  IWEHE 3 3h 2% SRR E
TELR B UG AT (5 S0 [ B ST 18 B AL I Bl A . 5 FH B 0926046 U-Net [16]. YOLOV5s [17]
o BRIBEE[LTHE T —F YOLOVSs Fl G il & H S A 14T AR 735, 51\ SENet @ £tk i 25 45
F, BEOREE T B SR s Sem 1, AR T R A R ISR . RS8R T — P S TR B ME S G
PRS2 R R 702 ) P e 0 0 s A s e e 2 9 R M S IR a6 A%, FIFH He K 7
BRI RZER I, M2 RE R EA T S 0] L RS MRS . BREVESR[19)38 T —Fh ol B
Ui B FRIER BE Rl A B0, IR DT ZE AU 77 SR SRR R, K E BRI SINBIRRY, 32Tt TRl A 45 R

5 T LR B 2 S A AE A R & 773, Bt NSST-PCNN £3%:. NSST-HIS k. L% 2014
NSST SRk & o2 ARG, 8 B AR AT BE ROINARL &, 2 1 Al & BURIXT bR,
AT AR B UG AR A5 . Kong WW 25 [ 21143 Fi] NSST X B BEAT 0 i S5 E K, 3 A — P
PR TN 45 SR £ B[R] RUBE AN 7 ) B B MR G, G 45 S0 RO A PN B B iR .
W55 [22] 52 H NSST A IFCNN HJEG RS 7%, RIFHORE BEIAT(E S, e thse s, B
RIFIIAGERCR . AS0H NFM 5 NSST AHEE &, $2H T —FoA sl & 4>t BHER 2 61l R i B
AL TTHR:

1) S/NBEVE. IXIRBEREE. HIS 5k, NSST-PCNN Sl NSST-PCA H32: T fh gl & 5 itk 47
XSRS, ARSCRH T 5 PPN 712347 50 /b, BRAE T AR SCHE I B A R AR R

2) ASCAEH NSST 1] LAZ AN 5 11 43 il P 4 6 UGN 2 6 ik 52 18 40 i S s AURME A 75 LR, (IR
ARy PG B8R B 2y S e 6 A5 B UM, s A1 i MR 480 25 0 1 o S Tk o R 6 i 48 D 2%
(PA-PCNN)fl & 15 2l S, 192K, =i R FERL & o o P s B IR R, AR B T 8 K
EUE i SR A4 7T

3) AESUE R A IR T BGRA RS AR B IR, SR TR FEDGRE B B 18 R
Peo ARSCHRH T —Ff NFM 5 NSST AHZE & & UG Rl & 505, A 80 IR KRR 46 B DG 1SS B A2

15 A
2. HXITIENAE
2.1, FEFTREEF IR T

NSST &—FZ RIESHT 7, B35 HFRTERRE R S5 B0 Rty S AR . A
BUFMERE, NSST AJ LU\ Jy 2 33 48 4 (Shearlet Transform) 4 e A, HIEAS AR @ 7] 7
BB AR N UG AT 2 R o) il

FARTI S, NSST 2 NHAM B 2 RS R, Hrf, 2 R A2 8 i st G s 17 T
IR ARRAE 4 T IS YR A 4L NSLP /MR SEIL . X Pt R B e AR B B S F (s 2, JF LA n
Hil O AT TG . NSLP K FH AE LR MR DR I 28 NS 5 AT T ORFE, FERIFE L RECE & R . tk4ah, NSST
IAE T R4 S A BT IR R e oK S BT ) U AL T . BT IR IR B RS AR AR R ) b AR AR A R
LR, IR NEERRINS . fE07 e B, NSST /T 8y U)iksig il 85347 kb B,  DASKH
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Figure 1. Multi-scale and multi-direction decomposition process of NSST

[ 1. NSST Z REMZ S EoEIEiE

NSLP $5 AR T RFES W i I D e 2, M2 R0, SFIRBS DIt T 75 FENL.
NSST AMUAA 2 REZReE, T H B A BRI A NENTT FEUEE . 5 HABTT 2L, NSST (8717
BN A% BAT SEAF ) RFAC IR T, R RE NS SE HERf I R R BB T L S A AT (5 B . SUATTS, NSST /2
—H RGN E AR TE, QA2 U S 2 2R . 12078 2 R AT [
RT3, R A OR B AL MR O S5 M5 RNARTT (52, T SRAS B8 e R (Y R A RS R

2.2. FSAFERES

AEFIEREI it A — P2 TAEFE AT (535, AT DAAT Rt REOA 7] P 45 S 2 1) E BERFALAS 2o 207
R SR AR HE B AR A AR 7R e ——JE R B WA R EERE H, IF BB TSR R A5 T SR AR FE R V.
FES R A, BRFERE V IR ST R iR BOR 22, FRAT AT DA AR R W b 4
— BB AR X R SR, DO BB . th T WA H AERESZ B A A2, Hltae
g E 12 V AR BRI R R, I ABL TR AR AR B AR, WORT H SR T BLAE A B MU
PReH, b TR EER RS Y H AR B A T

E(V [\NH):IV -WH |I2: :Z;Z(Vij _(WH )ij) °

i=l j=1

2.3. SHBEENKFRS IR L

Jk AR G PR 2R I 2% (PCNIN) LAY & —Fhvis L T RGBS, eSS T2 AMFEmESH,
XU G A TIBOR Z B R RIEA I . T s KR RS RS, AR T B Rk oh
R 128 X 2% (PA-PCNIN) LY

7E PA-PCNN #EAIH, HGAMERAEN— AT, FFLIZAR R KA NSNS 4T
(1) P9 Sh T R A B T R AR BN T REMNE S HTFHRIEE U, RE5RME 0 7. #
U> 0, MIAZIohifmk sk, Y=1; BN, Y =0, BASFEEAREHEAIAT, EE QA4 NIE.
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Figure 2. Output process of PA-PCNN model
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Figure 3. Algorithmic process
B 3. BRI

ARWSCHEH T — MR R G EE, BRI T NSST 2 REEF NMF (8GR 5, L3RG A
A 5 A A AR ARV IR . A TR D A4 G RTAT W SN B SRR T R . A A
AT RAE B U/ NP AR B Bk FE R R R R S 58 & R B R A 2 X 4% (PA-PCNN) 5% . NSST
HE LA G AN R L EUR 7 D s AR A - PRSI PGl I S 57 R R o gk AT G, DASR
RS ENR . Sl EHGOE 280 3 1E B R A R 2% AT Rl G, DURTS s S . AR5 R 3RS
AR AR ey A3 UG Rl 1l v 9 e 2 18 T AR

AR I FEAE FH B S A B FE B 3 o, VRANERMR R

1) fdFH NSST Sk 40 fif vl W' EUERILE A EUS , AIRAIAT 717 BUMR Va R Vg LR AT B H
Hy' AT 23 B2 R Z RO 5 § )2 v (i 1 4

2) AT B HY R HL (8 S 50958 B K AR & 2 N 4 (PA-PCNN)HEATRE S, DA 3k
I UG I AN, AT SR A A & R

3) i F Ak U R o A SR AT 15 MR Va B Vg HEAT RIS, DASRTHIR AT & 1S s

4) XFERA B G AR & B PAT NSST Widsfe, DURARELE B .
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3.1 {&InmE RS

NMF & —FhoE B AL ER AN T SN SE A3 b T2 A A 732 o 8T LK — AN S B 2 S i A B
ZANBUINREAEUAERE, AT SR A 3R R R A A . UG A, NMF ] DL TR 9 e sl 5 22 b I &5
AR EE .

T AR R B RN R A B R AN HE R e A = WH.

FOAR R W AT H 2R G R WL [ A R 0 23 TR B, 6 R H U5 5 06 BRI RHIE (S B .

EIG RS, FRATTRT LUK AN AS [5] (0 BB 43 50 20 P S AR SRR R, R R REAT TR HE B W AN R H
KB R— B EIE . A R G AT U I R R WORT HH R i G B b S R o R
MEBHBRER RN, FrUEXMIES, JERMEA R B SIRAE A AR R U
fR X TP T VAT UG R G, ok T DUORAE A B MR AR ORIF IR 1

SRR, AR U R RARLE UG A b 0 SR B S8 I SR G BB R R R AN AR S R, SRS A
TX LR PSR A B — AN B IS o X Fh 7 VR T DR A7 R RF S5 068 AR RIS A B8 P42 i) >R 1 2 i
GREE.

3.2. SFEERRS

e AT PR A A P 22 850 3 N Ik o R 4 e 45 99 4% (Parameter Adaptation Pulse Coupled Neural Network
PAPCNN)fili & . PAPCNN AR E ISk, AUl i A nT LA SR s i R R i G A5 . mi ER Rl & 1)
AR

o

H = Ihighl’ T1,j,j(N)>T2,i.j(N)
"N Hyges Otherwise

Hodr, 1y, RREEEFESEG, T, (N) T, (N) FoRgid N JOEAUE s 1 AE g 2 s

TE AR R KR E e gy~ Voigne ARG IR LSRG EE 2 M B foa, Rl G AR e 4]

kAT NSST HWiAsHe, 15 F3450 1Rl & EI1E

4. SWERS TR
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Figure 4. Image 1 original image and fused image
[& 4. Image 1 [RGB 1& REaE B
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Figure 5. Image 2 original image and fused image
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Figure 6. Image 3 original image and fused image
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Figure 7. Image 4 original image and fused image
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Figure 8. Image 5 original image and fused image
[& 8. Image 5 Rig B REL & E%
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Figure 9. Image 6 original image and fused image
9. Image 6 JRIREG KEE B

N T IS UEA SRR AT AT AN R, SRER I 1 /N dH 48 UG AN AT W6 BUR AT il . ASCH:
5HAD AR EERAT 7L, SR WE 49 iR, RO MR RN EE . XIEEE L HIS HA.
NSST-PCNN I NSST-PCA.

M RTLLE B, /N EER HIS J71:45 2 U B AR, (/NS R I 45015 BB, HIS
J7 ik EUE R 25 (R 45015 BRI B XIS R VRS B0 B OB IS SRR R, (RGNS Bk
#2; NSST-PCNN 77445 21 BUROGIE (S B AR FFEUF, (HEHRA LR E . NSST-PCA J5 1245 2 i) BIR 4 2
BB, AHRIGIEEON R R M IR T UR VA SRR 7 B MR IR G TS BN R (R S5 445 B AR,
A EIE RGBT G 8Ok

N7 A HF BUR R R, A SCRA 5 P UIFAN Fa b AN [F I B EAT 2 PPA, TR 45 SR an
2% 1 7R o5 B Fabr 4 ) A s {E (Entropy, EN)- B4 28 B 48 EU(NIQE) . V- Y44 £ (Average Gradient, AG).
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7 [M] 3315 (Spatial Frequency, SF)MIIA k585 (Edge Intensity, EI). 556 H T &t & EERME LR, F5
e, e G R EECR ER ST TR S BRI R, BBR EIR SO, Rl
BRI . PR T RS B RTERE L, T RIBRGBOR, BB ITE M L, e BB
. RBRIE RGO AR, BRGEGBOR, fE ER T 5 5R W IR B S
TR SR BONREZE S, DEREHR, MG EEBRERE. v 7 Ea e BErRE, AT
TR Z VAN 48 bR xt AR B BB AT 2 PP -

Table 1. Experimental results analysis table
1 ZWERDHFR

Image Fusion algorithm Entropy NIQE AG SF Edge Intensity
AN 6.4912 4.4524 1.7436 5.1565 16.5052
X 35 G 2 v 7.0783 2.9336 2.6012 6.9481 25.0513
HIS 6.2335 4.0445 1.5660 3.9483 15.1410
NSST-PCNN 7.1449 3.9879 2.8807 7.0194 27.4858
Image 1
NSST-PCA 3.6515 7.2547 1.2486 4.9814 13.0837
ARCEE 7.3010 4.2651 2.8630 7.0764 27.5770
INERE 6.2433 4.6610 1.7338 7.0087 17.1580
X I RE B 6.6161 3.1152 1.9891 8.3067 19.9977
HIS 41818 3.1040 1.0670 4.0428 10.7826
NSST-PCNN 6.8714 2.9083 3.0848 10.5056 31.4374
NSST-PCA 7.4515 2.7812 2.9205 10.2667 29.7926
Image 2
YNy el = 6.8204 2.7658 3.1226 10.6218 31.7600
N/ =#FR 6.6754 5.4606 2.8211 8.8921 26.4762
X I RE AR 6.5916 3.5244 2.6730 7.1133 26.5165
HIS 3.3465 5.0281 0.8352 3.8696 8.1968
NSST-PCNN 6.8302 3.7256 4.7352 12.7180 44.6942
NSST-PCA 5.5434 4.0807 3.5839 11.1381 36.0091
Image 3
RICH L 6.7632 3.5852 4.2766 11.8921 40.7187
AN 6.1207 7.0221 3.3907 9.0955 33.5338
X 38 RE BB AV 6.6166 4.7011 4.4600 10.5767 46.7452
HIS 5.8965 4.3761 3.1012 6.8335 31.2469
NSST-PCNN 6.8433 5.2368 5.6377 12.1013 57.0954
Image 4
NSST-PCA 7.5585 4.7287 5.6531 12.1343 57.7140
AR 6.7442 5.1832 5.6045 12.0485 56.8740
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R
Continued
AN 5.4931 7.2585 1.4010 4.2832 13.0725
X ke B H vk 6.6298 3.6267 2.3083 5.4610 22.3146
HIS 5.2422 3.3221 1.2929 3.2646 12.3158
NSST-PCNN 6.6967 3.3150 2.4566 5.6350 23.9037
NSST-PCA 1.4492 10.1059 0.7185 6.2835 8.0254
Image 5
ARICH L 6.2459 3.3051 2.2334 5.2483 21.9039
AN 6.1893 5.2597 1.4324 3.8135 15.4488
X I RE 6.7553 4.9497 1.9857 5.7196 21.6626
HIS 4.7832 5.2258 1.0334 2.7785 11.2553
NSST-PCNN 6.8977 4.9903 2.4920 6.2342 27.1580
Image 6
NSST-PCA 6.5882 4.9757 2.4672 6.3612 26.8745
AL 6.6107 4.9282 2.3650 6.0036 11.2553

ML RRTBLEH, TR, AR S B, M T A FE M s T or . i
SR BRI T HA TR R & 505, KR YIPTIR ISR RENS T A R R 1 BAR(S 2, St
REIREMRIIFEES . 0SSR, JF5Ee 1 il BB X LE AT I

5. &g

TR R R IOV [FI I OG5 BT a 5, BRI, R G 21 w 2 DR R i %
. EGRRLE AR EAAEGE KA. BREEEREAGEH T2 MEREGEE S, N7 L,
AT T —Fs NFM 5 NSST HH4S & 38 R IR Rl & 505, 1255005 0] DA R R 10 AN S0 E 2 20
F 2. NSST FE7 i Ja AT 75 TR, AEAR T SR TR B €, wT LS S 3t s i 4 s LB O oo B
P ARSERE S il Rt b T R R G R R RO IE R IR, 2R AN G B (8] AR R
Yo SHAMBVEMEL, ASCEER —MA R EFEk. SLIRAAERY, A TNERS T REFELS
ROR o 5 H Al ER EhA 055 BEAT 5 2 W 05 R VA LE R, IR B SR T I A O A T A A
NSST-PCNN [R5 fl &5 Sk S Hot LA 3%, A SCHR H I R & 0200 08 2 2 (e 40 s B AR B 17 oK
i1y H b PR R A BRI AL
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