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Abstract

To address issues such as low brightness, poor contrast, loss of detail and noise amplification in
images of apples captured in low-light environments, this paper proposes an image enhancement
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method based on LP-CAAPPCNN. This method first decomposes the luminance image into multiple
high-frequency detail layers and a low-frequency approximation layer using a Laplacian pyramid,
thereby separating noise from structural information. Building on this, a context-aware, pixel-level
adaptive parameter mechanism is designed to dynamically calculate the connection weights, decay
coefficients and threshold amplitudes of the spiking-coupled neural network based on local lumi-
nance and texture statistics, enabling precise enhancement of the low-frequency approximation
layer; Finally, through post-processing via guided filtering, noise suppression and visual quality are
jointly optimised. Validation on a dataset of low-luminance apple images demonstrates that the pro-
posed method outperforms comparison methods in objective metrics such as information entropy,
effectively enhancing defect recognition capabilities in low-luminance apple images and improving
the quality of detection.

Keywords

Low-Light Image Enhancement, Spiking Neural Networks, Laplacian Pyramids, Context-Aware,
Apple Images

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 5|8

SR AT R A Rk s HER S U N AKCT B RER N E S TR 5E  T(1].
MR AT ML 5P (21783 R E KA LR AR o 2 THLASAIL 5T AR BOA DR AR 1k
PR AR FE[ 3155 A% B A J 3 RAR T SR B AL ) 2T 150 SR TOAE SEFRRA L W e 73 1k 45
TEMusz e, e MR AR XE LLSCEL B AR LR ], S BORESIRSER BB AL . WG, 40
TROBI[4] [5155 0B, T EE 2 T EREE U BV R . BRI F, RS I S M S5 BRI 1A 4 5 1R W R
DA AR Z2 57, 51 R BV S BRI, FAIRTBOR RIS, 15 DA IR0 B 7 AR BT B A A\ 25 1 TR 10
IR SRR RS BT Rk, T AR B IR B BT R v o 5 AT AT, R AR R IR
TR BEACPEIAT, 0 TR Th3E R i BUAS I 0 BEAL AT FRIRBED B A R S BN 0 g 22, 158
SRS I S RRAT M, AAEENIEGE L SN E.

2. HXTI1E

KR 8 B AR SR R R, RIS R, AR EE R AL B b (R R A R . AR5 T7
U ELTT B S L ARAAR8] (9] H AR R RG22 8] A OS OC BRI B IR M3 50 00 A, (B 5 B
IS, RIS TR K & JF I 2 R E S . MM RIE[ 0]\ B, THE &SR (H 5 SBUL R,
M P ROR SE B o HE T Retinex BB [1 1 ABE B2 & 5 RE BT, BREERTSE
1 F I PR AR AR R, (HH & AR R EE SRR B BA LR, MNER Mz AR, T8
K, BT IR E 2 2) (G BRI [ 12]-[ 1419045 1 35 F g, 3a ek i 381 i P S e 1R S S 3, 17 0 5 P 8 i UR
SRR S 77 V2308 8 SR B T RIS B 5 IR S B R AT I 2, FE AR MR e, & ot e o Heds
(SRR A B, PR 7 AR SR R A AR 4

Jok R A5 1 22 X 265 (Pulse Coupled Neural Network, PCNN)J& —Fh AN [F] T4 45 N T4 2 0 25 1) 3 B i 22
W2, B R I R15], HRIBRVE T 10 R A 5 B J2 Hh S PITIL 4¢ 38] 14) 5 REAE A DGR

DOI: 10.12677/jisp.2026.153033 376 EUE 5155 A2


https://doi.org/10.12677/jisp.2026.153033
http://creativecommons.org/licenses/by/4.0/

Rési 4%

KRBT NI RMAR L H), BARRMEE. Bkoh[FD & BIEs AR SR, fEREH 1G5R55E
Fh RO e . SEGH I, PCNN TG/ K I 2R3 B T id i 2 Ak A e B I
0 [ T LI T, I R P A LA AR PR AR AR SO AT SRR 35 o oy, s K A ) BT A J e
A1 25 M 2% (Fire-Controlled Modified Simplified Pulse Coupled Neural Network, FC-MSPCNN)if i 5] A 5k
PRI AL TR R [16], FAR T IF R ERE, (AU 2R E S5 MU RLER AN R X80T &
B2, EKSE R ARG aR I R b 2 B XSG R AN JE o 55 DX e D M S K 6 )

Zi bRTIR, WA TTIEAE G RE ST M A S R OB DT T A AEAN B . B0 Bk e, AL
P& — Fh BE T BT 4 B B SRR O S 2 B R A 22 ) 2% (Laplacian Pyramid Context-
Aware Adaptive Parameter Pulse Coupled Neural Network, LP-CAAPPCNN) FIf 52 F 51 B G 1858 v, 8%
FES = BT VR AR IR
3. MiRA*
3.1. EREMER

ASCHEH B LP-CAAPPCNN 3 77 SRR AR N 1 AR, FEQFE=AMEE fgds i & 75855
fift. bR SCREIHIE N 24 PONN #5850,

_ CAAPPCNN138 = sz

PGSR i | i . Gimmw | wasEs
TRER T mERe s BERSHER S ARZE
SRR RE PCNNA X E38

Figure 1. Overall flowchart
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Figure 2. Results for a single apple A image
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Figure 3. Results for a single apple B image
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Figure 4. Results of the multi-apples A image
E 4. EREGZR A WERE

(a)

Figure 5. Results of the multi-apples B image
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Figure 6. Results of the multi-apples C image
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Table 1. Objective evaluation criteria for the single apple A

1. BR A BRERVITNER

LIS By S L Yl Xof EL
Kb 6.3297 0.0437 0.2656 0.0764
HE 6.8857 0.0658 0.6883 0.1889
NPE 7.0709 0.0063 0.6111 0.1550
FC-MSPCNN 7.7207 0.1749 0.5982 0.2151
AL 7.9740 0.1626 0.4854 0.2847
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Table 2. Objective evaluation criteria for the single apple B

2. 2R B BARERUWITMIELR

W7k sy SR BIE tf b
RAb R 6.4108 0.0413 0.2622 0.0810
HE 6.9598 0.0594 0.6969 0.1265
NPE 7.1438 0.0059 0.6005 0.1630
FC-MSPCNN 7.6636 0.1573 0.5942 0.2029
AL 7.9675 0.1385 0.4675 0.2764

Table 3. Objective evaluation criteria for the multi-apples A
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NPE 7.4557 0.0055 0.5155 0.1969
FC-MSPCNN 7.6434 0.1528 0.6047. 0.2010
Z ' 7.9729 0.1271 0.4740 0.2789

Table 4. Objective evaluation criteria for the multi-apples B
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RAL B 6.4769 0.0412 0.2536 0.0855
HE 6.9446 0.0589 0.6836 0.1338
NPE 7.2022 0.0063 0.5929 0.1863
FC-MSPCNN 7.6181 0.1523 0.6211 0.2002
A 7.9734 0.1331 0.4750 0.2798

Table 5. Objective evaluation criteria for the multi-apples C
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RAb R 6.4998 0.0410 0.2382 0.0863
HE 7.1478 0.0650 0.6700 0.1433
NPE 7.4103 0.0081 0.5430 0.1897
FC-MSPCNN 7.6575 0.1543 0.6100 0.2045
AL 7.9934 0.1316 0.4997 0.2840
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Figure 7. Statistics on the results of single-image processing
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