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Abstract: Existing glaucoma screening methods based on Convolutional Neural Networks (CNNs) suffer from weak
global modeling capability and insensitivity to positional information, owing to the limitation of local receptive fields.
Meanwhile, Vision Transformers suffer from high computational complexity and are prone to overfitting on small- and
medium-scale datasets. To address these issues, this paper proposes a quantum theory-inspired method for glaucoma
screening. The core of the proposed method is a quantum-inspired dynamic anchor bidirectional feature interaction
mechanism, which dynamically generates complex-valued anchors, performs joint phase-amplitude modulation, and con-
ducts canonical connectivity-driven feature aggregation. This mechanism achieves efficient local-global feature fusion
while reducing computational complexity. In addition, a global context enhancement module and a self-interaction mod-
ule are introduced to effectively improve the localization of key features and the generalization ability for scale varia-
tions. Experiments on public datasets such as AIROGS demonstrate that the proposed method achieves relatively good
performance in glaucoma screening with fewer parameters and lower computational cost.
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B INGRJE S TR R SL50H DU I sh A4 a5 A4
s (DAG). ML (PR). RIEZEI (AA).
JRAEAIY (LPF) . MR (GC) B A
FRAEAE HALHIVE N Base BB, 3R 1EPZA H T 4F5 4%
AL fh S 06 25
SIS v B E R AR = R, BT A Y IR
s k. % batch size 25 S8 — 8, VL
T E ARSI E R TTER, HERR T YIS E
ZE PRI A R BT, ORIUE T I Bl 2 S mr &

sensitivity =

(20)
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o MWiZRTTULEH, A A4 RE (DAG)
AR R B UG AR AIE 1 38 LV kT o A, R T
] 7 8 SR/ IN PR 28897 A8 T T 1 22 ) 1) . BV %
(GO Hipe A MRS 2 RE LR CURIE, 3
S AR X AN R R B R IR AL i AR 1. B H
(SIMD R AT 42 40 R AE N ARG &R, sk S
o BRRFAE (700 . o 3% = AMASLER B2 (1 14 BE 3 T A
NORHE . FIE, M AR (PR . R T8 EE K
(AA). A (LPE). 4/ b s SR
(GCIEM) %5 Ho e B (I N B A [ FE2 B 4 T 1
BRIIPERE . 2800, BT A i G HR A I R X
FE (Sen). HFFVERIN (Spe). ZikEH TARHFL ih
LRI (AUC) X =ANEFR N HIGEHH 45 5 45 )
4 0.8594. 95.86% 15 0.9944, FEAKAERHE (Ace)
N 95.45%.
(2) A AR K

R3IHER T IGIRH W EGR I 5 T I E i
PEMNRZE F . HARME 7R AIROGS MR 1 x4
N UG S AN e B . SR A . e e s A
PUER IR S SRR EN, M ZRLF BB A AT IO, B
B S DR bR AR . SR EoR, 7E% WIB A
TNBLAY M RE A IR R B, 0BH B A AR R
PRI Uk 145 . 4% DL & GCIEM/SIM 7 K 1)
2R BTS2 REEBRE)), RBBE—TRE L
H8 AT of G T i B 3 R
(3) ELEenXRE eyt

2 FE B T3 J7 12 4E B — AIROGS ¥ 45 F 1%
BLATRE R Bz e, sk 5 A
GAMMA®V I REFUGEPY AN 5 6 HR B dli 42 . 3
1 GAMMA 304 £ o 19 300 AN FEAS X B T 276 44
BB (2% Nt . HFHR AR S50%, H

RS 52%, H A 28.67%, BR (5 19.33%.
IR B 82 1 A 4 9% 2 8 20002992 14 %= 1)
KOWA HHHLAN 43 3 % 1934x1956 14 2 (1] Topcon
TRC-NW400 I HL K4 . REFUGE B ik 38 & A i)
HHm LA 1200 SRR K BRI EE 4L, Hhad
PR 1 B 52 3 BRI R G IR AR S

6 ' JE 78 T ResNet-500), ResNet-10101,
SwinTransformerV2-T®,  PoolFormer-S2471, Con-
vNeXtsV2-Y®. RMT-SP), A S 530X 7 Rl AR [A]
6 IR 07 A BV AE AIROGS Il 21 4E il 4 )5, 78
AIROGS. GAMMA. REFUGE ix =M IR4 F iy
AUC i %> i « #£ REFUGE. GAMMA. AIROGS
ZANINREE b, ASCEEAL AUC $8 bR 16T b v A
BAEARX RN ZIRTHARER AR, RS
THREERLR, ZERMERUES % . HiZEN]
H1, % T AUCHE 1 43 A 72 AIROGS Ml A 4 E 77
il B, TN B oA b i, i
WG % HRI1E AIROGS BHi4E E i)l 2 sk,
(4) 5 aAHAeHEeaf
1) 5 AAREMEAER 695 FAFE AT b

FKAagih T AT AIROGS TR S
TR, VLIOEFAE RIUBLTE IR A HE 5 B4k
RERIMM A Z AW, LR RATEI T S50
KAHIE R A, XFEE T EATT4E AIROGS %4k
£ I HERER L.

# 4+, PUMCH-eye H]BATE AIROGS Bk ik 7%
2 b A R UE . RR S M4 B 0.8533,
0.9500, 0.9898 1% [41BA MG AN AT 73 2 0 AT 55 1)
AUCU #845, FF4EH Y6 HR i &f ROC-AUC f8 ¥ o
LR AR T RS A B AR, SASCR
iR o H e AR ) SR 25 AU S E T LG, = F AL

=1 BT 75 A R AR IR B AL S0 36
AIROGS Datasets
Module
Sen Spe AUC Acce
Base 0.8223  0.9374 0.9753 93.37%
BasetDAG 0.8319  0.9456 0.9835 93.81%
BasetDAG+PR 0.8437  0.9502 0.9858 94.12%
BasetDAG+PR+AA 0.8464  0.9519 0.9872 94.26%
BasetDAG+PR+AA+LPF+GC 0.8515  0.9523 0.9893 94.60%
BasetDAG+PR+AA+LPF+GC+GCIEM 0.8521  0.9529 0.9917 94.79%
BasetDAG+PR+AA+LPF+GC+GCIEM+SIM 0.8594  0.9586 0.9944 95.45%
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*2 FEHE S E KAER ISR
AIROGS Datasets
: Sen Spe AUC Acc
2 0.8458 0.9501 0.9881 94.21%
4 0.8522 0.9540 0.9912 94.78%
6 0.8567 0.9569 0.9931 95.18%
8 0.8594 0.9586 0.9944 95.45%
10 0.8576 0.9571 0.9936 95.29%
12 0.8569 0.9564 0.9932 95.21%
x3 REEHMENRER
AIROGS Datasets
BILRA
Sen Spe AUC Acc
TIBAL 0.8594 0.9586 0.9944 95.45%

TR (o=1) 0.8526 0.9541 0.9915 94.88%
R (0=2)

=R (+20%)

0.8448 0.9489 0.9872 94.13%
0.8558 0.9562 0.9928 95.12%
= (-20%) 0.8519 0.9537 0.9911 94.76%
iR (6=0.03) 0.8507 0.9532 0.9904 94.69%
—=
FH

(p=0.02) 0.8485 0.9510 0.9891 94.43%

»{

e amics

6 {£REFUGE.GAMMA .AIROGS #¥#54= I [ Eb 4

PWEDAAAIEESR, A0 HEM SR AR
A Ours, BIAE 4 GCIEM 5 SIM # 8 () &1
R SRR B, ER R Bk 3] 0.9523,
i 5 T PUMCH-eye team, [F] i 3 R & B2 A1 AUC
43 Wk 3 0.8515 F110.9893, C i 35385 — 4K
7, Ut BIETER QAFIM ML A B B & 5o it 5 LR
RN i B 12t v R | /AN o9 =i ol N (=B -
B (GCIEM) FHZZ B (SIMD J5 1 5E% T
R0 REUE . R A AUC $2 7 %2 0.8594 .
0.9586 1 0.9944, 73 Jj| tt PUMCH-eye team f5 H

0.61. 0.86 A1 0.46 7 7 £i, Horp R IL F
85.94%, 5 ANFEVFIr 51 86% MK+ 73 Feilt o

AN, R4 IR, AKLTTEMHE T ResNet.
Swin Transformer. PoolFormer. ConvNeXt V2 F
RMT 5 A3 18 A & T B S AR B AR e 1
AR, ERTERMLE, SHFRTES NS
CNN H Transformer 2045 14X 2 14 5 M B % 2% Con-
vNeXt V2 5 RMT %5 & i, ConvNeXt V2-T+Ours
f¥) R R A1 AUC 73 J3) 42 T 22 0.8521 F10.9901,
RMT-S+Ours [f) R B . e v AUC 43 il $2 7+
% 0.8529. 0.9533 #10.9909, LT 6t M R 4GE T
W2% . X TR T R R N RURMIESS LA
AT AAE ST R fE S I A5 M i, e e 5
CNN £ Transformer 28 22 ¥4 T B R 47 1) B4R ¢ 2R
IEAh, B SeglmgNet 1 R BUE (S 4, Ours f 7Y
TERE F 1A AUC IX A48 R 3 BUAS 1 AR BB 1)
giitgt ). 454 GCIEM 5 SIM J5, T Ours+
GCIEM+SIM JjiAE 4 Jay b N SR 22 ROBEAFAE
Rl R SRR X 38 A 7 TR A 2k — 2D 3G a,  AIAE
=AM FEbr EBEAS T RPN R LG K
PERE.
2) HAeREABEA AR EM I

TS 7R ITE S HAWERME T A S M E
RIEEXT, AT LR TR AR S 5 R T 2 KT
ResNet-101 Il ConvNeXtsV2-T [ 4000 /7 Z ¥ &= .
5 RMT-S. ResNet-50 1 SwinTransformer-T [#] 2500
Btz HEmMt, RARKINS. H5REHHE
%4 PoolFormer-S24 1] 2100 Jj /£ 4 2 ¥ = M kb
W o

T ERCE T, MWETRTLLE W A7
H 15 8 N 3.6G FLOPs, iHE XK B ZIL T4
K Z Hooh b7, AU BE 5 T PoolFormer-S24 1]
3.4G FLOPs, —# 711X 8 0.2G FLOPs, 7 5 4H
W o %G RIS | AR SO EAE SRR Bt
THE R, Betg @ I B (T S SR = 1
Tl vEge . DRI, FEIG R T R 07 2 1 5 bRk Hh 7
i, BB REFEEMES N A%LIAR
RGO R R, ARG TR L EIE 1%
TR T HART L EE:, (URR T 2 Ris Tl
A2 P R BUEXT T
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Model Parameters(M)
ResNet-50! 25.56
ResNet-1015! 44.55

SwinTransformerV2-T!! 26.44
PoolFormer-S24"! 21.50
ConvNeXtsV2-Tt 40.24

RMT-S¥! 25.94
Ours 22.23

B7 RSO ER RS H At 7 i T SRR X B G

4 4EE

AR R B B T A AR 4 I 2% CNN 5 4L 58
Transformer ] & ) R 07 25 77 V45 78 4 J5) B e ) <
AL B BURIE, DLRUE S B AR T THUAFAE 1) R PR
e, BT FMRETERE RN ECIRGE
o ZITEME T BT A KA H RO R RHIESS
AL, SN S HEE A S A AR
MR G A AR R IE SR A S, A K
Bl T EFAREAERE, 7R R
SR EE R RN, SIS AN 5 4 R v S v R
G WA, diEeR BN E R EEIS A
ML, 32D 3E T TR AR GO AR X 38 e AL R
FE, PARCOW AR RFEFEA 2 A& M RE JT . 7E Al-
ROGS S A HE 5 F R sSeIn st B Frig ik
EZHE S EFHE BRI AT T, TSR T80
ST B ERE TR AR, ML 14 &
TR AR 5] N B MRS A St 5 T AT
o RERCTIEAT IR &S5RI R,
{ELEAR S A B 1t T T A B TSR] . Rk
IR TARR B TR R E RN E e B AAE
R, R A ARNE ALY e 2 A AR R T R
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