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Abstract

In order to overcome the problems of edge distortion and image blur in the traditional multi-focus
image fusion method, a fusion method based on Bilateral Weighted guided filtering in the pyramid
domain was proposed. Firstly, the bilateral weighted guided filter is used to refine the rough focus
map obtained by the mean filter and the difference operator, and as a high-frequency information
selection strategy in the pyramid fusion process, the double-sided weighted guided filter is used to
replace the traditional Gaussian filter in the pyramid downsampling process, so as to retain the edge
information of the image more effectively. At the same time, in order to improve the detail of the image,
the average value of two original images with a different focus was used as a reference, and two image
pyramids were constructed by different operations, and each pyramid was processed separately, and
then the high-frequency information decision map was used to superimpose and obtain the fusion
image by reconstructing the pyramid. Experimental results show that the proposed method is su-
perior to the classical method in terms of visual fidelity and other indicators, and has a better image
fusion effect.
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1. 5|8

P Rl 2 18 AN R B0 UR B PR BRI A A 2 XIME R, B RE RE R H X E 8N
EH MR ER], BEaT L a2 BERGRE. ZBOCERIGE S, A5 ICERIGRE . EK
FMG R A DL B G A 25 2] 2 R AEEIE LA (Multi-focus Image Fusion, MFIF) 2 B4 fill &4 - 1)
HEWFT R Z—[3], EEERE R T ARRERRIAR, LR R 8 w0 P )R
MR, BAckYL, BT ARV ER BRG], — s AR AL AR i PR B Y N R AL T e i R AR,
T AR P8 70 U AT BE SR AGASOR], 22 SR A MR B & BOR B 1 AR R B IR A ST 125 7] IR A 52 300 I 55 A0 7 5% ) 1)
o PRI APEORA S & 1 R R REARIE T, SE3G 58 1 EUR AL ORI S i AR B #E0
KGR . ZREERGME) ZNHTRBMAG . BMEaE. S 2REU, T4 eEg R E
AfEEERAAEES L.

HAT, 2 RERGREERT 3 A GG B NS TR S R SR KK (4] 407158
WU AR R (I AR g, 8IS R A E A B T K AT T A, R S 2 AHE N RS
TWE[5]o B, FEZ (AR, HOR AW SRR I 25 S MR 55 T ik EAEA s, @ H K
# T MG RIS AE , 0 B Hl R 5% 48 # (Discrete Cosine Transform, DCT)+ =E %343 #T(Principal Component
Analysis, PCA)%5 . IXEET7VEIEH OB I AR, IFARYE B B FARAEEAT 8 . SOEHEL, TR
JE 27 21 (77 0 B IR Eh 77 5, B B AR B UG B4 2 21 RO R AE 2 s A S o AE Sk
i PR R S I AR, AT DURE (S SR KB a0k P N =AEEE R RRBEE . FHER A R
Fab o). EERBREE T, BHENFEEBIGREATAI, 18R INBCE 555 5 527 5T Rl
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FRAE 2% b & W 2 A BB AT R SR B 2 R AT RGOSR & = AE BRI B e e B B, B T4
PR (1 Ak B 25 SRl e 4 T3

XF AT A R RS U7V, Bl RO BT R G R, X RITVERDN TR R AR N
SER PR, RUAE VR 2 SEPR S R R AR A . B, FESCRP AL R B 3 E B, S R RS T
VAR DLPROEA Rt SE I B bR o AR SE TR IR B A BE Y, WA 2 REE R T, b b i 4
FHE7] HOARARIE G TR [8] /N AR #9155 . IX LTy il i ¥ IR S R A R RUBE K143 B, AT R 5
SRS AL S R S RIS B, 2 T S 3B Ik 40 ) ik o

BT IR B2 ST B Rl B R A O ORI RRIE % ST e 0, 7E A2 MR AL BN v SN LA AT 2% A T
WEM L. B 2017 4 Liu 8 A[10]1 XHE H B TR LS ) 1) 2 SR ERUR R & T7 5 AR, 120800k Bl
N FEIGE, B CH T MR EM G . Shao SEN[11HEH T —Fh G HT TR FE 5 2] I 48 4284,
# Transformer 5514 M 2% (Convolutional Neural Networks, CNN)AH45 & ; Ouyang 25 A[12]8 KK
LA 4% (Graph Convolutional Networks, GCN)BFH Tz 8ids, @i ol SERMAHLS &, (15
B et MAH IS RS AT IR, AT PR T 2 HERE IO X BT s Huang 55 A [13192 H 1 — PP T A2 Boxt o X 4%
(Generative Adversarial Network, GAN) UK Rl & 50k, IR 17 B A B I B2 3R AE B0 HT I 265 (Auxil-
iary Classifier GAN, ACGAN), Z%/7VA7E MA@ 5| N iGN EY, ) REB RN DA

RAE I B RS ER R A R 4 R, (BN — 2w R B, ERMGEE R+
HME DASHE I R A5 A A JR (S R e 9 T IR POR S [ J,  ASCHR 1 — FRIBC & XA N A 5| 3 S R FH 46 7 3%
SEKNREE FIL, ZEIERERE A SO R AR i 2 A E EORUE, AR ke i E R Rl EUR

2. BRAA
2.1. NERFEGETE

PRI B B 4 B8 B0 B 4 7 A — T, AR R0 4 0 MO MRl b R R Tk H14],
HAERII £ TR B R . AR TR ARG R, R e FIREETI . BRA
BU% G, (mon)(m< M.n<N), MA N RERRITES M, HIEASEN: R EHER G, 17
WS EIE R T SRR AT M AR BIR G, R K R SR R, B mid 25 8 G,
5 1R EME E, BRI RS B2, R0 — R R B & R B AR L, . iR S DA
FiR, RAERE R R R R . AR, Q) Q)P

G, = i iw(m,n)Gk(2i+m,2j+n),iS%,jS%,keN (1)

G;+1:4i ia)(m,n)Gk+l(i+—m,j+nj,iSE,jSM,keN 2)
m=—c n=—c 2 2 2 2

Lk = Gk+l _GI:H’k EN (3)

Horbr w(m,n) Fom KN (2e+1)x (2¢ +1) & HHIERZ.
2.2, JGAMMNE|SHEHK

ML G FIEBE[15], & — R G AL 551 S IEBCEARRNLL AL 5] VAR g R AR AR BT i o Jld
FE 51 FIEPT H AR BRH R 5T NXUL AU R 55065 18 2 B RE 77, AT Sk A% ¢ 05 AL A ' 2 55 Oy
ST RIS R R R XA GRS 2 E 1 Sl R g R RREE T EA LRYERE, Jf ik
A REAL T HAE I G AR B ERVERE . AR SES] P UEREORFE RS S 1 Bl R g ZIE R
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¢, =al +b, VieQ, “4)

FEIZRIENT, ¢ T EENERME, L2 FEREBNERME, (M OMBRNR, Q NE &
EH, a, M 73 HINE DRSS kI ZE R BUR R 8 T IR R g R R S i N\ TR
p EE, SRR/ aRE N G R R 2 5 R AT A, T e/ M S A T8 5 i PR TR 22 57
AR A Rt E B AR R L TSI BE R & ORI A R B 40T . 155 H Fr ek E0y

E(apb)= X [(a,+b,~p) +eai | 5)

i=Qy

FIIASULREIUE o, , HIEBDAIRL G S PR H AR R, 455 11 P9 AN [ AR 3 s AR e HL o 2
PEAEANE LA b DTk AS A RO RRFE o X AIALT7 30, RERE LK) F A R 50 A b S ok PR B 40 5 AN

B H bR RN
E(ak7bk): Z l:wi,k (ak[i+bk_pi)2 +ia:} (6)
frs (9]
o o, FRUTF
1
@ ;= EDi,jRi,j @)
D, . =exp —M ®)
h 207
2
|1] _If|
R, =exp| - 207 (€))

EiZRERT, K EEN—ER, o, RRTBEEE, o NEHEDTE. WO RELEE T =G
I M, 18 BUGAE RAMEA R X, YEE R EREL T 1, A E I E NS, 4EEG 20 EH
R AR I ROR . MG R E BB KRIAZ% X, JEEZMAEDSEENEE, A SRED
LT
23. ERBERN
23.1. E9E%

BGg AL FERGH, BEXEIEEX S-S T2 R EZREE B[16]. A8 T 45 & 0L m 5]
S S5 EGBES R, FIREGR ST BERN. NTHETER, S REREARIGRSE
—HIEMEAGE iR, WE 1 PR, (A BERERZAFE R MEECIREGRSE —@IE. 5Tk,
SHEEG 11 A 12 BHATEEIER, BRIOHER, EBER AR T:

Al(xsy)zll(xay)*fm (10)
4, (x,y)=1L(x,y)* f, (11)
W, £ O ORBMETEN RS, « RoRBREE, Xy IR GEANES.

1) H B G 2K E N 5 % A1 AL A2 S59RE G 3T 2 S E I 458, PLEREUR E1E

P EAEE . BRI
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D, ()c,y)=|ll(x,y)—A1 (x,y)| (12)

D, (x,y) = |I2 (x,y)—A2 (x,y)| (13)

R R E (AR, 2R

MD| (x’y) = Gr.c.ad,o',‘ (11 (x’y)ﬂDl (x’y)ﬁragao-dao-,) (14)
Mp, (%,.9)=G, 100, (1 (%), D (x,9),7,8,0,,0, ) (15)
XH G, oA B D, A8 22 00 8 B BEAT XUA B G I B AR, AL E r=8, £=0.1,

r,6,04,0,

0,=5, 0,=0.06, {EEIGRHXEAGRLMERPITT, J0EAE T ZAER], R R ILZ49075,

(7] I 8k G 1o P SR R L 20
(© (@

Figure 1. Differential image results of focus detection. (a) Original image; (b) Mean filtered image; (c) Difference image; (d)
Double-weighted guided filtered image
E 1. BERNNEDERER. (FRGEEIEG; ONERREE; OFEEEEG; (FOAMKNGIFIEKEER

23.2. BERRKEER
R HY bk B AR XA I 7%, I il ad 2 K(15), FATREWE TSI IR 11 M 12 B SR ERFE WM I M (x, y) -
M(x,y)= {

1 if (M, > M) 16)
0, otherwise

JEGIERER, WG I PR B AAE — SE R AR IE AR I H A e, ] 2(a) BUG AR, DsR EIrh 2R
O RTHITAGGE, TAEERPHEN T RORE. ZTUS NS, &R AEHRZ Y
R ESUE B X, REFBUEAAE IR RPRA, MELUBHTIX r . N 7 BRI 2emE i, FRATR
FHZINX 3025 B S [ 17 0 W40 R SR I BEAT 04 o« Bofcfiiydsfe slnd Jay 8 DX I 3 #r, 25 B IS e 2 40 O SR A el
BREE R X3, AT Al P SRR DX AR A M AT ke SR I T IO 22 o B, 15 31 B s B L SR B T 14 2(b).

3. BETRAMG| RiRENEFESREBGHMS
ARSCSEL A R I 5 R IR, PRI R R AR B GO TR . 1%,
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(b)

Figure 2. High-frequency information decision diagram. (a) Initial decision diagram; (b) Final Decision Diagram
B 2. SHEREREE. (a) MIREKE; (b) HREREKE

HATH, R REIG ST — R SIS B 5K B (High-frequency Information Decision Map, HFIDM).
B, HEEG 1A 12 KHAFREEE FAEARZEEE, PRGNS SIERGHEEE 1. 2 5
Fo 2R)a, WL yER B A& 11, 12 A F 2547 7oRHFE, R2IEMR Gl. G2 A GF. #%, K Gl1. G2
I GF fERHIN, AT IO G| S8 5 T R AE, SRERET BN 26, X Pae4
FEEW A — 2 EUR AT FoRAEAC R, I s AR AT B T B, TR A= T 1 43 ) 5 A N ) Gi
PGz A3, 1930 2 N h & 73 . 5, 82 S R 6 550 B m s 2 o 3K 18l (HFIDM)
BEATRELG, i E A R RARIRE ST N TR, AR A SR BUR AR N —IEIEE N
WHEHR, BAIEMT.

\
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NXIEE
B SR
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Figure 3. High-frequency information decision map generation process
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ke 3, XRMGEE 1, 12 AR SR AR I TVE S/ XL BRSNS T LA 228 1 3l IE R m e
BRI HFDM, JATIE AR &7 83858 1 2R S UE B a g, 558, SR, 12 r G &
FAENZEREERIENS % . XGOS FIEBACEL 11, 12 A1 F B, JEXF F 3EAT T RAE, R
FERI F R ERFE A B B 00 5 10 A 12 22, SR PIIE BB S ke BB F 2 IR s s B 22
S, SR R S R SR B B 1 A L M B R I R A R EL BRI R I 4 ﬁﬁ/T

11

\*

Figure 4. High-frequency fusion image generation process

4. SIEA ERERTIE

e 4 b BS BRERIRNT FIRUG A FH XA INAL 51 S 3P AL 3 1047 R AR B R fE e, e
NRAEIL, 12, FAIHFIDM, HEHAEAmAN, EEE4SE=R, B3 =25ma 4 E B, pa i
G EMRAES i B A E F MTUZEG, RIMEREBRS ST, &S EREG, SR
5 BT

4. ZWEHH

T VA B INAL 5| T I I 4 T B A A R A R B RO AT AT, AU T Lytro R 4E[18]
(1) 20 AN A R B GOEAT LS, IR 7 MOUE LG BE S B A EUEY SO HIHLE B B & R X R 5 E
GRS 5ARDME) [19]. 3 T HE UERAN 5] FUE I 10 &R & 55(GFDF) [17] =T 51 S8 2 RUER)
K& 0 iR 51E(MGFF) [20] 25 ) MRS B @& FE(ADF) [21]. 2T A R 500 DCT 381 % T AE G il
A F(DCT-Corr) [22]+ J=F 7 6 4 B2E 4t R 25 22 S SREBEAG DU ) P45 il & 595 (HMID-SD) [zs]iﬁnriﬁ?
W& F I EEREG FIELP)T T .. BAMEH 72PN 8 P s brok PEAL VLR RE, IX
b LG S5 KA LL P (Average Gradient, AG) [24]. AHI&—F M FZ (Color Colorfulness Metric, CCM) [25]-
ey 3] lﬁiﬁl(Color Naturalness Index, CNI) [26]. 11%%5% /& (Edge intensity, EI) [27]. #5i#E % (Standard De-
viation, SD) [28]+ 45#4{R B [ (Spatial Frequency, SF) [29]. #1515 . 1%EFF (visual information fidelity, VIFF)
[301F015 S A& B & & (Image Contrast Metric, ICM) [25]. 4058 1, B —FE AR F —F WL F8 45 T,
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AFFEAE 20 AR A S5 R P EME, BUa AT WRA SO M EARI VRN 45 R 220 R R PRAN 4R bR
R I A BE ROR I SR R R R e . B IR R, AT A R SR I R A O EAT
T AT

Figure 5. fusion image generation process

E 5. mEEBERIE

Table 1. The average of the 20 fusion results of the Lytro dataset
= 1. Lytro BB 20 ARt A L5 R FIME

RlA T AG CCM CNI EI SD SF VIFF ICM
RDMF 6.7981 24.8857 0.6906 70.5285 57.4950 19.3445 0.9425 0.3492
GFDF 6.7933 24.9585 0.6904 70.5195 57.5329 19.3279 0.9459 0.3476
MGFF 5.8586 26.3001 0.7087 61.6486 59.0839 16.9879 0.9842 0.3490

ADF 4.6976 23.1619 0.6750 49.4110 54.7480 12.6061 0.7776 0.3334

DCT-Corr 6.8282 25.0233 0.6912 70.8418 57.5240 19.4218 0.9428 0.3490
HMD-SD 6.8270 25.0013 0.6911 70.8247 57.5707 19.4351 0.9454 0.3489

LP 6.8274 24.9538 0.6923 70.8200 57.7735 19.3954 0.9547 0.3524
ATTE 8.0231 26.8502 0.7125 84.4405 60.9763 22.6068 1.0674 0.3512

M T AT DAE Y, AR ESR N EVEE RS HOP M e br LI FOLAEIL. “AG” . “EI” . “SD” .
“SF” Ml “VIFF” $ebs¥ i Bir FHABIIA S, “CCM” . “CNI” fBARBE A L3,  “ICM” S5t
HRH 0.3405%I50IR 2200, PRI AR % AR 2808 WP FRAR R I AT . ST &, AR
AR SR R AE

BRR, N TAE T XA RS FAT EPPA AT, BRATEEC T 2 ka4 Rt T g r s
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Xt AFHEAE 2 BIRHRL G BEAA F A B Rl 45 2R, TiR)e — BB R oR T A SO i i 5%
MR &4 R BRI A T, FRATREN EV UL 52 % AR A F R B & A2 55 IR BL, JRiE— 2 #r
ENTRIES S A L.

(H)ADF (g)DCT-Corr (j)Proposed

Figure 6. The first set of color image fusion results

6. E—HXBEGMALE

ML 6 e DLV SR 5 —H R A 25 5 . TRIG R A& R (15 6(a)FIE] 6(b) L& T 1 StITE K A
LSRRI SHER . B 6(o) R 6() R T Z2MEEMB A SR, HhaiiATIRHNEE. A THEN
EH LB R S R R A R, AT AL & B 3L T R 78, IFHT THOR, 19314 F R A
PIRRIRE SR, e il & B . BT DA EE S, MGFF 1 ADF SERIR &SRB =, F#il
AL MO &, BERERIK, KRegterfithit&5ia 55 8. Mz ~, RDMF. GFDF.
DCT-Corr. HMD-SD 1 LP Bkl & 25 ARk F BRI E. R, A CRBIEIEEa G
SRS LR T R E SR TN R, REARTERE A A AT E B S LRI N s, R
FETABEROR, R R R T T A .

2 RN T R H B R A S R B VEN R AT -

Table 2. The evaluation index of the first set of color images under different methods

2. BAXBEGENEAE THITN BT

[FLSSWRrS AG CCM CNI EI SD SF VIFF ICM
RDMF 4.9924 18.1807 0.7964 52.4238 49.1728 14.1606 0.9742 0.2417
GFDF 4.9882 18.2120 0.7970 52.3892 49.1617 14.1237 0.9756 0.2416
MGFF 4.0912 18.0058 0.8017 43.5144 49.0885 11.4382 0.9355 0.2127

ADF 3.4084 17.2698 0.7909 36.7148 47.8684 8.9720 0.8217 0.1835

DCT-Corr 5.0007 18.2258 0.7961 52.4968 49.1697 14.1679 0.9750 0.2416
HMD-SD 5.0083 18.2229 0.7970 52.5704 49.1732 14.1948 0.9758 0.2416

LP 5.0173 18.2939 0.7993 52.6172 49.3474 14.1953 0.9818 0.2475
KTk 6.0425 19.2163 0.8231 64.0161 51.2374 16.9692 1.1279 0.3095
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M2 T VR, 2TV RRS b, A SCR MG NS BT IE Hik. Bk, AR
TIFAEE— A EUR N 8 NMEbs I T HARSEE, $EH&7E AG. CCM. EI. SD. SF il VIFF #8#5 b
B BZENMRS. L2 F, RDMF. GFDF. MGFF. ADF. DCT-Corr. HMD-SD Al LP % )2 Bl AH
LSS, JUHREMAESRITE T, REEREFSIEEGAABIBASMMER . AR SCRHImE T
ARG EE R ENRR, G8EE 7%, FrRGRNEAR SRR, oHERGSEM.
B LM TRE T HRIMER . Fk, ZEEXTHAN, RSB R — HT A A J b S s, fe
g Bt v o = 1) UG R S 4

Y
(d)GFDF

| RPN

(HADF (g)CT—Corr

Figure 7. The second set of color image fusion results

E7. FHEXBEGMEER

ML 7wy DL 20 58 A MG i & 25 51 . SR e e A R (K 7(a)RTEL 7(0) B T 3T 5 Zoibis
AR E R X B 702 - 710)RR T ZMEENRE SR, L afmAscig s, WEFmLL
M F], GFDF Hy%k. HMD-SD HiAAl LP kM Aa A as R s, I BT B Rl E AR .
RDMF %A DCT SAESH s S M R B IEFIm A4 E R, SEUTT £ . MGFF Hi:Mil ADF
M ER R G RO, RILHBONBRI B E, S, AR SCHR R EVEERLG PRE 2 R A
BIGE, AMUAERS IERB AT, BETRERY. & SRS B R I E R 5, i
TEGRIATRE, (FRla 4R E b LW AR

%3 RN T HIE G R G A R EVEN TR o

M 3 R UE H, 2TV RRS b, A SCIR M IRE EH B T IAE Bk, Bk, A
TR “AG” . “CCM” . “CNI” . “EI” . “SD” . “SF” Ml “VIFF” “f5kr E¥ERIHNH, I
HZTE AG. CCM., EI. SD. SF 1 VIFF Z:45¥5 L, 8 FXt ik, Mtk F, RDMF. GFDF. MGFF.
ADF. DCT-Corr. HMD-SD 1 LP HiE I RIANT LSS, RECNITERLEsEbr F S5 A T4k, BAE
Rl 5 AR o AN S R B R BRIRBIAR R K, JUHGRAE “E1” Ml “SD” &4 & i & 14845 .
SRS, ARG EMU B R BRGNS E R, EReE S & h gy, mirEIEn
BARGUR . Rl e BRI A . B DL IR B T, A SCT A RIS R M. Bk, ZR& Rt
IHTNN, RCONETEATA B BRSO B, AR08 5 BB IIORS 40 R0 w5 o == 1 R b 45 2R
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Table 3. The evaluation index of the second set of color images under different methods

3. BAXBEGENRE THNFMN BT

[FISSWRrS AG CCM CNI EI SD SF VIFF ICM
RDMF 6.0581 16.2649 0.6270 63.6822 585700  15.2612 0.9554 0.3395
GFDF 6.0389 16.2756 0.6290 63.5031 585530  15.2021 0.9564 0.3395
MGFF 5.1169 17.4752 0.7117 54.6654 602254  12.8778 0.9870 0.3260

ADF 4.0999 14.6979 0.6025 441572 56.6454 9.5662 0.8092 0.3171

DCT-Corr 6.0693 16.3276 0.6298 63.7843 58.5650 15.3001 0.9552 0.3394

HMD-SD 6.0849 16.3069 0.6292 63.9291 58.5980 15.3349 0.9570 0.3394
LP 6.1027 16.2642 0.6318 64.0782 58.6759 15.3326 0.9692 0.3536
AT 7.3503 18.7456 0.7128 77.9905 61.6969 18.5475 1.0900 0.3435

[FIF, 9 1 VAl 4 S S SR A 5| 3 R Rl SVEAE SE B B P el AT 1, BRATW K TS
HAFEHEAT 7 X SRR TE— S L% 17-12700H CPU Al 16GB A7 HIH AL E3EAT, ] Lytro $idiE 4k
20 HAFR GBS, AR I T RFTR.
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