Hx & x = % 5 xR Vol.x No.x

xxxx & x B Control and  Decision XXX. XXXX

E& A AR BIRIE R A EL X [BIR TR 77 7%

M A8, ERR!, XF!, B &', MILH?
(1. E AR DAL K2 B2, &0 230009; 2. FR[ER} SR AR K2 H—BEERE, & AE 230001)

& ARG SRS 2 RS EE T 260 T, R B — IR FE N 25 04T R & DR, A7 1E T AR PR A m S M Bk .
B0 B, B H— i EGORN SCAR B BX B 1 R A B X ) 558 v,/ e OO 0 R0 A T 5 A 1 B B T ) T
T B, AR S v T 1 RS R AE R B 35 SR o Y P P 4 B, Wb 38 T T [ SRE 0 2R B D 4% 1k R 0 LL i
A E A5 HE T, 8 1T R T N 4 B S AL A TR 8 7 VA 5 T S R B AR 2 G, 7 A T AR 0 DX IR OO . 7
D R B B, R Bk SCAR YN SR 2 S W USRI ) A 25 SOAR IR A (1 Dt A B 28 23 =) 1 3 A R B, S )
A DU AL R 3 A L R S £ A T ) PR A BT AL, 7 A T AR R AR T A DA LA IR = R
ot 7 30 1) LR e MG RN SO AR A g B, K 4 H 7 v 1 LR Kl B W, B8IF 7 7 v A R

KHEIR): BUGASCARKAR IR SR PR B SR s IR AL HIENRE 2 5] FLER LS Bhis
FEDHES: C934 XHEAFRERE: A

DOI: 10.13195/j.kzyjc.2025.1285

SR (1, B, 0T, 5. GRS Ik 1 BLIX (Rl e 3R 71 [J]. #5 Tk

The two-stage interval decision-making method driven by image and text
data

FU Chao', CUI Kai-xuan', NI Wen-qing', Xue Min', LIU Wei-yong®

(1. School of Management, Hefei University of Technology, Hefei 230009, China; 2. The First Affiliated
Hospital, University of Science and Technology, Hefei 230001, China)

Abstract: Under the condition that the multimodal data of image and text are available, the use of one deep network to
make fusion decisions is a usual way. However, it faces the challenges of interpretability and reliability. To address
these two challenges, this article proposes a two-stage interval decision-making method driven by image and text data,
including the criterion prediction and criterion aggregation stages. In the criterion prediction stage, a set of deep
networks is determined according to the requirements of extracting image characteristics, and then a statistical
comparison method of deep network performance is designed based on sampling with replacement to determine the
rankings of the deep networks in the set. With the resulting rankings, a method of selecting the sequential combinations
of deep networks is constructed to identify the reliable optimal combination, which can be used to derive interval-
valued predictions from images. In the criterion aggregation stage, criterion weights are learned from the training
dataset of text, and then an optimization is constructed based on the verifying dataset of text to learn adaptive weight
function. With the resulting criterion weights and weight function, the interval-valued predictions derived from images
on each criterion are finally combined to generate the explainable overall predictions. Based on the image and text data
collected from the ultrasonic department of a tertiary hospital in Hefei, Anhui, the proposed method is used to help
diagnose breast lesions, which validates its effectiveness.

Keywords: image and text-data-driven decision-making; two-stage decision-making; combination of deep

networks; adaptive weight learning; auxiliary diagnosis of breast lesions
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FAEAR [F) ) FLI L

A E R B, SCR NGRS (U, V) B E
882 M hRiE A, UAIRUEEE (U, Vo) B2 220 1 bx
TSR, 4 5 FH 4 AL R 58 A o B 2
2] A B G BR R SRR &, M IR B IR
& M R 48 (BIRADS) 111 5 ~28 51, B {BIRADS
3, BIRADS 4A, BIRADS 4B, BIRADS 4C, BIRADS
5%, X RL A o AU X ) SRR R bR 2, BI{C, (b =1,
...,5)}= {[0, 0.02], [0.03, 0.1], [0.11, 0.5], [0.51,
0.94], [0.95, 11} [FIF, SCA K 4 op & v ) - i
PEAE L 995 A W 25 2 A DR XU X ), B At 72 A
3C[19]. S5 A A G BOHE S A SO B S I AR
25, #Hh 8 AL A 6-10 FE LA E TARA LS AR A1
A B 7 R A P R4, bR IR R R AR AT (1)
N
3.2 REMSGEISVI%

e R AR AR S R ER [ FE L Ak LA
5 AN EAT FUIRE K2 8, 76 %5 0B SGT i A
FEAEA BTAS ). 7 10 RN EC 36 9 AN e b, 88 7 = A
VT FLII AL B R 25 SR AIE 78 1] 7S RS A P A
)b 8 s A DR T ek (1) 7 SR AGE ;T % T af
TV, R s AR DR T kA B AE AR, X AR
B UG BEAT T 25 27 43 #, O - b dd 9t 5 8 36 1)
2] LA 5 TR SR M, SRR B W 4% 7E S 3010 2%
TR 2 R B SC@ AR RO B K AR AR5 5 T B

2 BUIRBE J, LA I SO R | B LR . KB
B 7 27 20 A SR AR N B IRl A 2 (& el 75 A
A RE R ) HiEs H RS R, 7 SR
AU A, 2 RZ SR DL /N B AR 43
HEER 20 i R B AL BAS B S B U R R
BBl 5 A0 7 B 48 725 (8] 3 AT HREAE, 6T VR JEE IR 245 1) = )
TR )5S XA AR RE 4 HY B s K

AL 5 ASHEN BTS04 i AL
BT Bt EEsK, A TR0 B B B 10 g B )
A EELES DN = {DN, (¢=1,...,10)}. &
Jeik B 4 Fh B A AR M B B TR WX 484 R LA
% @ 5 ConvNeXt. EfficientNetV2.
Transformer V2 fl ViT-B, 43 % id N DN,, DN,,
DN, DN,. 1, DN, fI DN, J& T % B 4 X 4%
Fk, WAL R 2 B 5 2 R GRS 1), £ il
.\ RE S RASOR (BFE AN B AR) IFRE
PHOTTHAARAE, DN, FI DN, BT Transformer
S AR A Ry, S A R DR KRR S 42 )R
B SUE R, MR IR ERIEAS ML A 1] 3 A DA SR
A [a] 7 A 2 Ak,

N1 BN A B AR BRI SR AL I E
RGN R W ENE, £ FIRERMN G 2 ol N &
RVE R IHLH, K3E 6 b otk W 2% . BRI 5, £
ConvNeXt 5 EfficientNetV2 3=+ F 43 ik i X0E
18 VF % /)i ECA(Efficient Channel Attention)”" &5
23 |A]VE 7 Sy H SA(Spatial Attention)””, 73 %] DN,
= ConvNeXt ECA, DNy = ConvNeXt SA, DN, =
EfficientNetV2_ECA, fl DN, = EfficientNetV2_SA.
EIF, T #% M 5 Transformer JB-5 228 NextViT, 45
4 ECA 5 SA ¥Jii DN, = NextViT_ECA FIDN,, =
NextViT_SA.

T 5 AN AEN B BRI 2R 46, 7E5F NVIDIA
Tesla V100 GPU (¥ il % #% L#E4T 10 MR LM 45 1)
Mgk MRNZGSERE DT LA EKH AdamW,
BUEE 2k R HON 1x10°°, WG 2 ST R ¥ 1x10
AR ST FRBN 13107, YRR BN 16, FoR I
FCURBEN 200 %25 I NFAZHLE], ZE0EEE 1% RE
SR 25 R TCIR TR IR I Sk, SIS B H TR
WA R A I A R B AR b S v RO Gk S A
WSk, 3 I Z, 493 il 7 B B IX (R Bhr 28R &
{Cy (b=1,....5) IS e F 2 g] — D (i=
1,...,5, ¢=1,...,10).

3.3 HENTRRSER ST
BT 5 ANEN] EIGRSE ) 10 s R 2%, K H

Swin
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N, 53 58 A 50% A1 500. 76 5 ASAEN] |, AIGE b
I 50% 9 BR K s, A O R BE) (=1,
coy Dy g =1, 10)HEAT TR, E A 500 X, 133
TORE P 1) 5. R 7 7 A ) 4% %) T R )
BT BUR B SRR AT 5 LS, B 7 A I A A
AL, 15 BIF B S8 B M pE, ppaoe flplhree
(i=1,...,5 q,q=1,...,10). R T I&, 0% %

WIER @)-5), Hpp 2 fipy® (i=1,...,5,
0, ¢ = 1,...,10) 1520 /5 BAL I FIAT ARG 30 1H F 7R
Iy fTpoee LN 957 i, 3 BRI 45
IR ER 2 TR . AR DG SE BRENAE T 1, B
Iy Jpaves <1 AR E L2, AT 5 AN E
R 6 o0 19 2 e B 10 BhR B2 2 i M REHE T,
*® 3 Fs.

Fz2 N AR BRI R
DN, DN, DN, DN, DN, DN, DN, DN, DN, DNy,
DN, (0, 0) (1,0) (0, 1) (0, 1) (1,0) ©,1) 0, 1) (1, 0) (1, 0) 0, 1)
DN, (1,0) (0, 0) ©, 1) ,1) (1,0) ©, 1) ©,1) 1,0) (1,0) 0, 1)
DN, (1, 0) (1,0) (0, 0) ,1) (1,0) 1,0 0, 1) 1,0) (1,0) 0, 1)
DN, 1,0) (1,0) (1,0) (0,0) (1,0) 1,0 1,0) (1,0) (1,0) 1,0)
DN, 0, 1) ©,1) ©,1) ©,1) (0,0) ,1) 0, 1) ©,1) (1,0) 0, 1)
DN; (1,0) (1,0) (1,0) (0, 1) (1,0) (0,0) 0, 1) (1,0) (1,0) ©,1)
DN, (1, 0) (1,0) 1,0) ,1) (1,0) 1,0 (0,0) 1,0) (1,0) 1,0
DN; (1, 0) (1, 0) ©, 1) ,1) (1,0) ©,1) 0, 1) (0,0) (1,0) 0, 1)
DN, 0, 1) 0, 1) 0, 1) 0, 1) ,1) ©, 1) 0, 1) ©,1) (0,0) ©, 1)
DN, (1, 0) (1, 0) 1, 0) ©,1) (1,0) 1,0 0, 1) 1,0) (1,0) (0,0)
R3S AEN L 10 FUREREAI T REHEF
DN, DN, DN, DN, DN, DN; DN, DN, DN, DNy,
pub i 3 3 6 10 2 6 9 3 1 8
Lty 1 7 5 4 2 3 9 6 8 10
B 4 7 3 6 1 1 10 8 4 9
1L 4 6 1 4 8 1 7 1 9 10
Bk 8 3 5 10 7 2 5 1 3 8

BT R 3RS HEN B g M REHE T, K e
X3 A S AN 1 fR 9 bR B X 4 R e L AL X
Fa—HE, AR (8)-9) it HHA & MK
H#, 5T i 500 5K KB G AT 500 5K CDFI B4
R R B UE AR, AF 2 (10)-(11) TH A5 21 5
FEIE, Wk 4 Fron. 5,5 MNUEN BB M4 4 &
S N{DN},, ..., DN}t {DNZ, ..., DNZ }
{DN},,..., DN}y {DN{, ..., DN}y W {DNG,,
DN, b, X REF TR FEAE SR 4 o oR.

HF B R 500 TR K B ER AT 500 5K
CDFI EE A Rt G AR AL, [ 5 AN F i1 i

100 2% 4 B 2 A T B 0 X T ST A, 3 AR
# 30(19) 505 2 0F LE AT 31 % ) L 50 TR0 A 52 0
(0.9376, 0.8666, 0.8123, 0.7997, 0.9111). X} Ltk 3% 4
T F1,10 Fh FEE 0 2% 20 & 5 0] 75 RTES A 7 A o 0 L
AR B A v 1 UG LA R, T A X 4 R s 2
A R G AL 37 9 A 7 0 00 R R th B S A T
IR

AU TR B 2 e U R R R
it Bad e gR SRR KB &, SR S
TS L G 2 AT R e T AR
T[] 75 MG A B2 SCDRE R 7 /) sy ] P kT DL A2 45

4 SAEN EETIIESRR 9 R4 & RTINS B
HA1 HE2 HE3 HE4 H4s 56 HET M58 HE9
PR 0.9122 0.9270 0.9270 0.9270 0.9273 0.9273 0.9269 0.9274 0.9281
R 0.7849 0.7845 0.7758 0.7923 0.7871 0.7799 0.7804 0.7828 0.7807
Elg 0.6630 0.6629 0.6637 0.6637 0.6676 0.6535 0.6664 0.6627 0.6714
51k 0.7322 0.7322 0.7299 0.7299 0.7392 0.7326 0.7314 0.7394 0.7426
QiR 0.7916 0.7799 0.7799 0.7749 0.7749 0.7544 0.7675 0.7564 0.7658
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Rl 2= s, HoA s R B AR FE U B AN 9515 5 4 &R
58 SRR RF . CDFIT R b, I3 70 A1 AL ft =R 5
FE 25 M4 R BT, 20BN B RHE. 256
PA b4y AT, 2 5 8RR I viE B ) B R B 5
IR FEE A 285 YR, T [ P RS A o T ) SR RRAE
DU AEDGT S5 HE VR 1) AE N b, (] P R A o D £ )
P 58 58 5 52 2B s AU 73 AT I RE e 55— 7
THT, 320 5 ARG R o D0 P )1 2 PR B f o D A
ML N b R 2 A I L i 2, of 2% D ) 93
DUDKE JS2 2 7 A RH L ) 52T 27 6 B 2 4 R AN 0
YESZ, T FEJER LI AE ) b R TR 2 A v, 17 [
P RV A DU ) FOT ARG A1, X — 45 SRR A B
.

TR A M R, R
ConvNeXt. EfficientNetV2. Swin Transformer V2 Fl
ViT-B 45 4 Pl B filt 00 2%, 75 A [7) 52 56 1 BP0 A 40 4R
FAFR, BATASE RS B Ak A 5 AN iE
D) PR O S, 45 20 F IUIORS FE An 18] 2 .

095} ConvNeXt

EfficientNetV2
—— Swin Transformer

—— ViT-B
o W

TAS

0.75}F

0.65} . . :
WA feE s
e
E2 ENFUNMEEMEREEES 4 HERMIREMEH
R3S EE
P 2 A, R SR A E 5 N HEN B3 77
TE T REAR 55, )R T 22 b I 8% 2 5 o 4 - T
PE e ) EEEAE F . 22 SR I b FRORS A,
W 26 2H & A Bh T s Ak i 2 0k AU 28 RRAE 45401
DU b B P R T o A S 3, UG BH I 24 2E 4 R 18 i it
Z REAHT, DA S AR DR 45 5 55 RLFE4H . N
B PR RRAE A R ) TR AEY; 20 BR[| M
SEHEN A —E T RRAR T, BT E, MR A G
I8 I R A R X 2% ()RR AE B AR B, AR e T
5 NHE I _E R R R, v D Rl B B AL TR S
80 DX ) A Tt 0 A S At
3.4 HENRLE SRR
MR 1, HHE 20 (12)-(13) ST AR I x4
(U, Vi) 2221 SAHE I BLE N (wy, ..., ws) =
(0.1896, 0.1371, 0.2264, 0.2195, 0.2274). LL2~ =] 1)
HE B A SCARIRAE S (U, V) N FEA, 15458 5 3E B

B B g () = <arcj‘$§wi)> AR HE S (14)18)

Wi M

P EARACRE Y, KRGS BRI S 8o = 0.3916.

ETwHRAS o 1 g(w,), K (15)-(16),
Rl UG MR AR TE 5 AN o M 8 4 8 5 1)
X [FEC TR, 43 B R e . 3E i ik HE =X (20) 5
SRFRZEFEAT T, 19 B S AR TR B A, = 0.8440.

T R AR SR I SR i ) e A R
%5, 3T 15 BIRADS & AR bR 25 1) B3 H 4 45, 76
FH ] B 92 58 W BT, i B ResNet-50. ConvNeXt.
EfficientNetB1. EfficientNetV2. Swin Transformer.
ViIT-B 45 6 P it 7Y () 3% B I 28 30 AT iy 21 3y 1) o
S5, 45 ) TR B2 A (0.7414, 0.7540, 0.75009,
0.7640, 0.7614, 0.7545). X} kb 6 b [% 2% f T 4% 75
FER 5 S A TRINKS B (0.8440), Z At ik B
BH 2 (0 P R AL 3. 3K — P 35 SR R T oA D ) i B 1
22 A I 255 2H A R U R A B D 3 A L 2 ST )
CEAAE R, [RIES 30 B 2 H 1 ke 5% 592 () RF SHfe oot
rr PR SRR T AR IO T SRR

1 3.1 1Al DL RS T 8 o i R AR A4
A IFRZE S . B — A AR A A R A T
A MR EHE £ B FR A, D A U] P B B T DAAS 2
Z0) 1] 1M 125 A2 12 W Ml o P o R R D 28 4 B2 AH 4, S
T PG 380 X 1) 500 Ly e ik SR, X TAE 55 FF
FEIT, AR 52 H 5 v 10 = ORI . 7R B T R,
A R DU I o B SR P R 7 R AR B B IR SR 2
e AT HE IR A, S — N ATAT R AR, R T AR,
LR 4R EER(d=1,...,14) XA
Wk AT A U fl A SIS, o T AR AT B A AR 2
LA TR

HESC [19], 4 14 L7088 75 B A 12 Wik 15 i 4k
FAEATS B I SCARIGE (UL VE) (d=1,...,14)
HISCARBAE 4 (UL, V) (d=1,...,14), B
A EPE N (484, 415, 194, 549, 347, 250, 334, 183,
243, 201, 387, 273, 438, 298) 1 (80, 69, 32, 91, 58,
42, 56,31, 41, 33, 65, 46, 73, 50).

A (12)-(13), HI 14 o7 88 75 B2 AR 1 SC A )1 5
LT BT B ABATTXS L) v AL, sk S Bros. BA
5 H P DU EE RS = A 1) SCAR 36 I 4 A Al
IR (14)-(18) FIEEARAARETY, RAEAEAIFFH] 14 17
R R AR I O A R A B R S O (9.7938,
48141, 17.3988, 13.9333, 2.6825, 0.1564, 3.0874,
6.9488, 0.8532, 19.2706, 16.2190, 10.6378, 18.0212,
0.1952), LA J& £ 7 [ A= A8 STAC B E 4R 1) e K Pl
K&, i 3 Fiow.

BT 14 A0 A R AW RIS g(w,), KR
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w, Wy Wy Wy Wy

R, 0.2040 0.2083 0.1879 0.2106 0.1892
R, 0.2004 0.2637 0.1931 0.1850 0.1578
Ry 0.2303 0.2257 0.1827 0.1701 0.1912
R, 0.2015 0.2128 0.2047 0.1998 0.1812
R; 0.1657 0.2373 0.1964 0.2142 0.1864
R 0.2110 0.1791 0.1998 0.2122 0.1980
R, 0.2060 0.2358 0.1707 0.1814 0.2060
Ry 0.2321 0.1870 0.1951 0.2002 0.1856
R, 0.2297 0.1819 0.1984 0.1886 0.2014
Ry 0.2094 0.1511 0.2097 0.2124 0.2173
Ry, 0.2065 0.1847 0.2075 0.1990 0.2021
R, 0.2294 0.1922 0.1932 0.1930 0.1922
Ry 0.2227 0.1704 0.2025 0.2018 0.2026
Ry, 0.1594 02112 02791 0.1902 0.1601

3 (15)-(16), fl & BEHEMREEAE 5 AN F 4
LR A X R E T, 15 30 S A T 2

0.94
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ol PR BRI SCAS B X 2l B4 R B IX T R 5 9.
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B B, LU BRI RS B RER . EI&R I8 E
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