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Reconstructed Edge Oscillation Intelligent Removal Method for
Breaking the Diffraction Limit of Visible-Light Nano-Images

LU Jing
(School of Mathematics and Computer Application, Shangluo University, Shangluo 726000, China)

Abstract; Current image reconstruction algorithms are inherently constrained by traditional optical diffraction effects,
which limits imaging resolution, resulting in the loss of detailed information and low resolution in the acquired images.
However, low-resolution images themselves contain limited information, which inevitably introduces oscillation artifacts at
the edges of images during the reconstruction process, which seriously affects the quality of visible-light nano-image edge res-
toration. Therefore. to break through the diffraction limit, a visible light nano-image reconstruction edge oscillation intelli-
gent removal method is designed. An image multi-branch reconstruction method based on multi branch networks is designed,
which can implement multi-branch reconstruction on visible-light nano-images. An image fusion network is designed to per-
form fusion processing on the reconstruction results of multi-branch visible-light nano-images, which aims to break through
the diffraction limit, thereby providing super-resolution raw data for the intelligent removal of edge oscillations, that is, to
expose the artifact problem that needs to be solved. A super-resolution reconstruction visible-light nano-image restoration
method based on the Kanni operator and fuzzy filter is designed. intelligently removing edge oscillations in visible-light nano-
image reconstruction based on fusion results. Experimental results show that the restored results by the designed method are
clear edges and close to the real physical boundaries, with a restored image resolution of between 5~10 nm, breaking the
diffraction limit of visible-light wavelength of 30 nm. The edge oscillation energy ratio of the designed method is below 0. 2
than the overall level, indicating that the designed method has a small proportion of edge oscillation energy and the restored
visible-light nano-image has high edge quality.

Keywords: diffraction limit; visible-light nano-imaging; multi-branch network; image reconstruction; Kanni operator;

fuzzy filter; edge oscillation removal
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Nonerr (X,Y) =

1 il Cu (X,Y) =S,,.and | 0.(X,Y) | =S,

0 otherwise

31

f 34 4%
s S ARV I 813 3 B8 = BB s Se i B IR (E
15 {E
C4) o 00 0 5 1) A B Y o) S0 5 B R S )
g, BT
Cone, (X2Y) =1 0,(X.Y) — @, [+ Ny (X.Y) (32)
Kb, o, HREEE N0, (X.Y) M.
L TR I 25 BEARAS 3 Z Hk 5 DX I T L 1)
Ny, (X,Y) =
1 if Cop ) (X,Y) =S, and [0,(X,Y) | =S,
0 otherwise
(33)
s S, R TE BT 1) 2 R B B AH .
L5 ST SR AR B ) A 4 B R R T DO A4 oK BB
Crued T GG 25 5 9CX,Y) KV 12 B 1] 1) 3% 45 6
MZER N (XLY) 5 N (XY sl 2 F) 2 4 el
BEAEA I N (XLY) 5 N, (XL YD), TN, (XLY)
RIS R
N (X.Y) = N (XLY) VN (XLY) (34)
4) TR G AT S5 A B A 8 S B A3 A AT O 4 oK 1K
18 G WA 25 5 9(XLY) 1, @R 9(X,Y) 140
WX N (XY 5 G KO N, (X
YD, AT KR Ny, (XY
Np (X,Y) = 9(X,Y) — N, (X,Y) — N, (X.Y)
(35)
5) X F EARIRAS A4 KB N, (X,Y) ., il
G4 T XA B N, (XL YD) DR 3H KO0 i N, (X,
Y ol gk AN [ A B2 R RSB D I8 4 S it D O AL B, AR AR 34
SR LR G B AT OGOk UG R R R . oo T A
WX B N, (XLY) Y 8 D 40 B E 0 O IR B &
T MR R, DR O R ) R A A XGL R A . XTI %
P& XA N, (XY, 8 Dk 40 B H 89k 58 30 D
oo RV, DR R RE R DR AR O R A . X T
SFH XA Ny (XLY), JEWE AL BB /o8, &
B e R O P ) 20 U R Ok 3 MEUE U AR E
JEEINA 20 5 2% DX I 5 28
K = My fhraw T Mring flring T Mo fhites (36)
s s P 0 9 TAEFERE DR R A — T O
PEF L FE 5 g AT BRI N, (XLY)D 1Y 38 40 22
G55 pine WILGARDG KB N, (XLY) B U8 P AL B
SER sy I KR No, (XLY) B 8 O b PR 25 5L
B, MRS FoR AR . AR AR R BR S AT L
K EGR R R R k.
25 L TIR . GEREATT AR B A AT UL DY 4 K P AR A 3
GG R LR R AR A 2 iR,
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e 2 i,
#1 LRBEOLEHR
[ A EGOKE R | Py
' sHH | 505 H SRR
[ sxsmpE | Hfy
— HERHERRIR | | ERbHh A GE E 2 n
| nEwEm | masEzs | 0 | wennwnmzaz | 7
SR 1 i prRpy——
VEAERIA, Ak R, Ak i 34 ﬁfjﬁ”ﬁﬁf%%? 5/
RO 5% 25 45 H R RIOUT 5% 2 44 3 3 7 WV R e
@@EW@Q@@L%# ¥ - j 54 | m MR M b B BUR Bt 34
LI ".Eﬁﬁﬁgﬁﬁgg KAt R 00 E T T
¥ ] WG 2 > % 0.001 Ak 2% Adam
[ wmmiwapxEg | [ swhasssEg |
[ |
; %2 LB BHOE BB
AR
+| I L %00 B ZHMME | BHONA BRI
| gﬁfgﬁ | | ﬂ:&ﬁfﬁﬁ- | (0] 52 Ak 25 Adam
T 5 e 5 | 1X10TCHEAR e S g
|:®E§?Eﬁﬁ | | ﬁﬁ?&% | i 2 ) R %Eiﬁﬁgﬁ)dﬁmﬁd
L wbokm | [ wikEse | b LA - B8 Bt L e
] IR IR 100 BRI | (= 15°) W Pl R 8
| evsagszem | (256X 256)
|
)
| hEs )RR RER | - o N
! FI R 1 04 32 F 3R e 35 F 5 000 U8 I 48 18 o BE R
B g T UL K {5 I+ S5 S M A 1 1 4
| ogwwsmmsm | TRGRE L. KPS O BRI % 3 s,
1 3 ST BB S
SEORH|  BEKE | BHORH| SO
[ 2.5 et #% Ada
B2 SR S B A T O 40 K 1R — ik
4 05 05 0 2 i o | DOTTRE | S =
TS TRIR PR HE S PR Sines 0.5 Se 10
D 0.3 X [E & o T 4 0. 1% [ & o i 4
2 Ue | REGHEREA | U. | 122 5086 5 0 10
2.1 TwitE SN R N

X T BET AR SRR AT IS e BIR A9 1T L Sl 290 oK PR 15 FE A 3
Gelron B BE L BR D5 ik R L S S 0 Al 4R 19 10 4 R
U BRIk AR B BRIERE . SR B
R R AR LR AT, T R AL
BEEAEDA L T IERER A TF RO 4 . S8 Bt 46
MG AN . LRk, DNA 258 S5 AE R A, 1T
ML A YUR R T AER R (AN BRI FAURM R, B
RS B9 R EHE 5 b bR E W) 10 225 R . FORfR 5
AR 506 1R

BT 5L T 2 70 3 2% 1 A8 £ 03 ST O
e ML RIRE S 0 CE . K, SRS
BAHLIME 1R,

A BT AR Rl R 285 % 22 93 AT DL OG 2 K (&
PR S5 RS20 Rl S A B, LAGS B 5 WA A A R B H
5 BT S i 5 41 9 1 RE 25 Bk 418 (10 20 % 5 i o ol
UL AL e 5% 5 T 2 A e B Db 5 T R S 06 2 B L A O

BRI AN GR G LBRECR s HBEHR
Bt I B 2 A] DL G A oK BG4 R, R LR 5 58
W T AT R s e MR BT O e 2 R T 1 1 2%
Y% e B b (EOER. edge oscillation energy ratio),
EOER 254 T i1 % X380 B8 4t 40 A USSR . A] D4
T M e 2 i, HE® S (EOER—1), FWil%
R Re s F K, Bz a2, HERIM (EOER
—0), FWHGIRGEEE /D, BETER.

FEME . W4T Transformer (1 5 22 0h 5% B8 T
5 H5 T L RO A e W4 R A Dh s SO0 i AE
XTH T

2.2 WiKER
2.2.1 JAGIRG K BRFCR ML 45 R

BETT 7 36 5 W Rl X HE T 6 A9 300 4 4R 3 25 PR R
ZERINE 3 N .
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T AL S

(b) #:F Transformer (OF FEINELIIEN
LY ERITIE W0 445 (1R A D S AR I D i

(CIRENUE S 3PN Ve SUERAE S

BT N G AR G R RO B . B BRI, &
TEO7 1k 52 Il SR 0 100 G NG . o S e 0 LS B
St MBI . T 2 RUE AR BB I 28 R G TR
RN E W S IR RIR G IR B W 2. SR R,
FH:F Transformer )5 22 fh32 Bk 5 2k 0 & TR 45 SR 1 2
BOAGAE IR ) o BTt O ik 28 B0 S A 0 D IR 3 A AN
BT R A T 24 32 W 45 10 R £ 43 ST 5 vk 0
AL SE K R S 22 0 S . IZTT R 200 34
FXT Z2 A8 o PR R AT AL . HE A BT Y R
Al A P2, XF 2243 32T WL g K G R R 45 AR S it il
Wb, B ZRENS i G IR R RE 2 R S BB O PR LG
s, k2 i DR R 2 T DL K G RE B R A
GERBE AR . AR E B RN, R ER E T
P )l . X B Ak 3807 sCRE 8 O 52 B0 R 4F iYL Gk ¥ 2
R RICR 585 Sl
2.2.2 HJREAR I HERIR

Bt 7 5 WA F D 2 1 A D TR 43 B R 0 IR 4
RUAE 4 R

(a) Beit Jr itk

%31
SR EHR R SR SRR BB, SOR AR
2.2.3 EOER i 45 #

Pt 7 1k 5 B R A 77 5 19 EOER % He I 3k 4%
wiE 5 fiR .

90 - Btk
g0l * HETTransformer(¥) L0y LRIk
70k © HT % ROBEA: BN Bt P 45 (R A Dh AR IE 7 2
* x
60 MM - o « %o
£ 5ol Contra TP MBI S
=
R 40
30
20 —0 <
10 jos %o w“¢m°°°’°°°wm°“°"‘%:0:'%%°¢°'»¢°°°:°°°“°w‘°’°°
0 1 1 1
100 300 500 700

SR E BB/ 7R
Bl 5 EOER %F k4

Wit ik Ry EOER 1 3 Fh 5 i b e fk . B AR K T
0.2, BWIBHITE NG IRG RER & e/, B Al i
AN K R i % ot v . T A G 2 19 EOER W)
W, S SRG R RS K. BRI
KEMRN G i 32 . Bt T ik R B IR A 1 D R 3
T BRI EM B GIRG EREDh, Bt 7T IR
JE BT 5 0R U A 1 R A ] IO g oK 1R R A
R RN BUSUE- IS N ik RSN S B A -3 4R v
M. BE A R AL GO IR R IR AN S AT R
(] 19 28 &+ 52 B S BBEATT S0 A B 19 T UL Y 4 oK PR B A 5
GG R RELRR.

2.2.4  SSIM # PSNR {45

N1 LR UE BT 7 A R . R A AR AR AL

PEFE ¥ (SSIM, structural similarity index) & {E {5

40 IET 2 R R 50 s R Dy BB E I v
35 praaas sssssbbssbbosttpbbbato,, WL (PSNR, peak signal-to-noise ratio) fE & ¥4 48
E A A e nEsE P EEe P e A e
é 30 F:FTransformer [} £ 5% 2B 75 ¥ B TEZ2 A BRI GOK EHEAE A X LG 3175 76 5 PR T
s 25
. HO7 i M RE . R k1 SSTM Rl PSNR 25513k 4
= 15 FF 77
= 10} wink 4 Rk R SSIM A1 PSNR 45
57 T o JEF Transform | T % R 2 i
%00 200 300 400 500 600 700 Bk A | mg’ﬁ%% LE XT?@ i %ﬁ w| o Bk
59 G B /K W7 1% Phsg BEIET7
B4 R G R 2 SSIM | PSNR | SSIM | PSNR | SSIM [ PSNR
MM | 0.891 | 33.52 | 0.908 | 34.87 | 0.948 | 37.95
&Lﬁﬁ{fﬂﬁgﬁlﬁ]%{ﬁy?ﬁﬁﬁ 5~10 nm ZI\Eﬂ’ % é}é;{fs/éﬁ;/ 0.876 32.89 0. 894 33.74 1 0.932 | 36.82
i . . DNA Z5f | 0.902 | 34.15 | 0.916 | 35.23 | 0.957 | 38.64
1 Sl Si e i 497 B 3 0 LS 9k >
T AT IR K AR B R 30‘ mf’ ﬁ%}i?ﬂjg‘ﬁ,ﬂuﬁ HEFH | 0.885 | 33.01 | 0.901 | 34.12 | 0.941 | 37.33
BAG AR B E At X, EIEBSE R T, e w P
BN A TSN 4 SR 0 TP H TR ey | 00| TS O9IT TR 10T 98 T

B o AN LE A1 S5 0 R AR RE A5 RE S p BT =
PERF N G AR S B B . R RE 8 B Al

M1 4 AL, BT O RAE P A TORAEAS 1 RS i
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) SSIM 5 PSNR {f . & W] HAE 45 14 /45 5 e 75 11
il A BE L. N E X — B G e
eI KB (n=50) EfT THE A FEA ¢ K56,
GEREW . Wit JrikAE SSIM Al PSNR W50 45 #5 3
BE M F E F Transformer W 5 2 th % £ Bk O &
(SSIM: ¢ (49) =8.92, p<_0.001; PSNR. ¢ (49)
=0.45, p<C0.001) FIE:TF £ R A T 1 M 45 1 5
A IE Y (SSIM: ¢ (49) =6.74, p<<0.001;
PSNR: t (49) =7.83, p<{0.001), X—&5%H 780 0F
IR T it RE R T B et W PR, AR A B
% XJEW TR R 2 50 X E A AE LR 98 78 4
WO b A EUR 1 2 RERHE . NGS5 IR G B2
ft T T 5 R Yy B R UG B s [, BRI
S RO UE 4 00 8 3 N SRR RS B XA [R] DX S8 Ry
PR S0t 22 S AL AL B AE A R 1 Gk 4 35 19 [) S R
TRE T HST . INIMAESS R B (SSIMD Al &
PRECEE (PSNR) 1 J7 16 35 S 80 T B0 A 1 °F- £

3 HRIE

BCIFI7 IR R T 200 S M 26 1 IR 22 00 S O
TEX AT WG AR B R S0 22 0 SCEEAY . 1 MR BT
PGl T 285 X 22 0 S AT DL G 4 K P 45 A &4 2R 5 it
A AL R . RENE N N Gk G R RE K BRI BE 2> BRI
Wb, RERW RO b . e, MR TRE
B 5 AR 0 D A8 114 23 B 3R A T L O 4 K PR A D
Tk s UG I G IR DX 300 N8 B G 4 SR T T 2
AN F O, TR S R B LR R R AR T R
A X, MR BR AR DR . SR EE R R, B
WP E R SR G L BRSO B . S JR0aT IOt a oK B &
R 0 HE AR SR T AT AR T A 32 5 U 5 E R L ERAIR
UEW] T B BE ST S A PR A L i B A 4 ) Tl 4 oK
BRI ROCR . BEA R EOR | 7 iR 45 4000 P s
K s %5 A B O OO SO A o Ak B T
B SRl A B 7l T B TR A

2% 3k

C1] A6 Db, PhMETF. o JW. 4. SEFHRHERS R
ML SR R R A A vk (], s Dol R2#2E 4.
2024, 42 (4). 735 -743.

(2] #F3h3c, Sde, )T, %. 3+ Transformer fY 4514
WAk IVOCT S22 thi% ik L1, iR MIR A, 2023,
43 (5): 1596 —1605.

(3] FERERE, ARUMHR, XU, % CT KRR E KT
R AR E R (1] 5L, 2024, 44 (3):
890 —900.

[4] SettAs, WK, HER, 5. T2 REE R

MIAER CT BHRF & h A E ik [T]. (USRI 24,
2024, 45 (9); 44 -54

(5] & ¥, MbH, TRER, % HESI S JPEG K4 &
ol e [J1. B3k, 2025, 51 (6): 1261
- 1276.

(6] BRT 77, BB LE SR T o AR B B R B B AR B 5T
[J]. RHE R 5 R A, 2025, 15 (27): 50 —53.

(7] Rk, Pyt @rEsE, %, BT 5k 2 5 AT M 2% 1Y
FAPERE R G A R [J]. By DA,
2025, 46 (9): 1-8.

(8] f&Eiz, F M. FHF, % ETHEERHAEKEN
HHMZITIEA S [T, VAL Tk K244k, 2023, 41
(6): 1198 —1208.

(o] ## £, AEB, MFhE. ETHGSEZENEREEBN
Blge g gm [J]. 8P T/, 2023, 49 (6): 180
-192.

(100 ¥06T, XA, AvE 2 RETENE M5
AUOGEG A S [J]. BB R 2 4 CH AR ¥
M), 2025, 42 (3): 1-10.

(110 &, B, skifE, 45, LT XUEHE % 22 %4
iS5 ot E G ENA [1]. StF%4k, 2023, 52
(11): 285 - 296.

(12 1 2, KRB EKW. % HEXEGBENZ
RO R AT MR I 4 A 08 B [T, Mk 2= 4k, 2024, 35
(12): 5687 - 5709.

(13] BRithdE, B 7. 3T LP M LBP W04k 5 7] W% B &
fgE e V] MWW %k i CARE 20,
2023, 22 (3): 210 -215.

[14] £ #, skeie, EmFE. % BETHEEIHH SR
EHMOK TR GER [J]. a3 AR, 2024, 46 (9
1006 - 1014.

(15] & i, Eil, BREA. %. HTF NSST 5 PCNN [
KFEGRA T 0 (1], |7t TR, 2024, 32
(20); 72-77.

(167 3k fi. BT &K Canny B 19 78 B AL K B 4%
Ko (1], dbatiii4:, 2025, 39 (4): 496 — 502,
(17] EPCPE, EH 2. B, % BUEREEMNENE
gy P d [J]. Mot 5t Faa ik, 2024, 61

(10); 377 - 387

(18] BRosh:, RhEHE, #EWRZ, 5. T ok X4 KL
B CT WG AF M oFss ], B F it TR, 2024,
32 (10); 180 -185

(197 8k W, FakaA, =RENR, & ETHZISMHGHEN
SRR E B E I [T 982, 2024, 45 (2).
101 - 111.

[20] 8 &, IMVFIR. BT, BT WPA it /MM &N
BOLBIEE R R Tk [T BOtAeER, 2025, 46
(8): 141 - 145.

R M : www. jsjclykz. com



