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Parallel LLM-driven Multimodal Classification for Bone Stick Artifacts
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Abstract: Among the approximately 60 000 bone stick fragments excavated fr(;m thesWeiyang Palace ruins of the Han
Dynasty, around 57 000 are inscribed. Most bone sticks exhibit longitudinal fractures at the time of excavation, resulting
in the separation of their upper and lower parts. This fragmentation‘péses significant challenges to the digital preservation
and systematic classification of these cultural artifacts. Traditional manual classification methods are inefficient and may
cause further damage to the bone sticks. To address these challenges, this study proposes a parallel multimodal
classification model that integrates bdth bone stick images and inscription information. Visual features are extracted from
the images using the Vision-RWKYV large-scale model, while textual features are obtained from the inscriptions via the
RWKYV model. A dynamic cross-modal feature fusion module is introduced to integrate image and text features, followed
by a classifier for fine-grained categorization. Experimental results demonstrate that the proposed method achieves an
accuracy of 92.85%, significantly outperforming conventional deep learning models and other multimodal approaches.
This study provides a robust technical foundation for the efficient classification and organization of bone stick artifacts
and establishes a solid basis for the intelligent development of archaeological research.

Key words: bone stick; artifact classification; feature extraction; image classification
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i H AR SN A

Tl NARR PR E, i R 2R PR e, T DGRBS Y
FRRFIE R AR BE T, AT F = A s N RS TS B AT
FIRRCR . TS RS j IR HE Ry, by e RO I
I BARETHE A= (14) B,

B oss = @i Oh; - (@O hj), By € R1* (14)

Hort, oy @y F M2 (R 0F 20 05 4 KL 8 5 1
18, hi o TR i 5 A 150 TR E; o R A g
097 1, J5 2 ) T 2548 IF R BSS A5 P B (Gt 3
AU P 1 BB A D) B 1A A8 SRR AT (il
ALAE T+ 45 3 0 R 16 [ A AF ) LA e 4 SR AR 4%
VEAS e (R 10 25 A A 388 3o — A B 0 I 245 30047
LR P ALR, B RS HIE A S (15) Bias.

( text+h;mage+zhcross]+bf} (15)

i#]

htusion = ReLU|W

Hh, h;exﬁﬁnh;magf'%u}-:*?ﬂﬂltéﬁ A Y JE TRRRAE,
B oss JIREAS )28 SURRAIE, Wy € R1024 1 EAFﬁﬁMT
IR R, by € RI024X1024 3y fig 8 i) i, 3@ Ik 1270 4,
A LR L 7 2T B IS5 BRI Rtusion € R1024X1024.
3.4 SRR (CC 12HR)

R T — P T HBHE 5002 1 &k G
LA 20 X 245 43 2 2%, SICBINE i 25 G 200 A0 A fE 1R 1,
ARG WA 7 FioR. fE0Jd e, KEEH 2 St
12 58 AR SR IS B et BARE R E s i 30
/TR 308 2 o B N AR IR HEAT IR S RS B, R R
FHIE(E R, 0T A= (16) Bk,

y= f(Wsx+b) (16)

Hor, xR AL, WAGREB R, y 2% R,
bNIRETI, 3BT PR AL, *%%Tféi\kﬁ FEER
BHEZ A, WA E RS F ﬁﬁﬁl?é"lﬂ’ﬂ’ﬁfi, R

2 5 11 7 I B S P 2 P ) S 15 L AR MR F
e RIAA M (17).
Vi,j = MaxX{Xim, jin} (17)

(m,n)

Horp, i RN AR AE 5 005, X, jon FOR IR
TEXS L R X 3. 83— RAI GRS IR IE fS, HF
TE B 4 P2 150 4608, 15 B R IE 8RB 3%, L A2
I () S AR 5015 DU A SO R AE . S R B 2R
SE A F A, BT g oy g Rkl Softmax JZ AT
IH— AL BE, % &S 2R 73 A7 Softmax BRI

&7 =k (18) Frow.
P(y= i) = — (18)
2.
k=1

Ho, 2 3R KB 5, T PGy = jla) X 12K 30 710
HESS. AL AT b B, AR SR 3 XUk B Ok
155 B YR, 5 LR (19).

L=- Zy,log(y, (19)
ok, y; /T;aﬂrﬁamzﬁ%ﬁ 5 o
W00, € S R B T M S SR K, B

ﬁ%,TLﬁﬁMMRE’%Z& TP RUERH R,

%M—M—'@M—* Output
Ffusion

K7 o2 g i 1]

4 SEESEAEE. BAREMPENFEIR
4.1 STIINE
AW FAE I EITH T G RCE N 64 A7 Windows 11

ifs‘M’E/%é}E 43 32 GB I AE, 1 JeAb B 38 JERE /R

2 14 X Core i9-14900HX, ﬁ@ﬂ% NVIDIA GeForce
RTX 4070 &, 42T 451 Python 3.9 R iEHiE
PyTorch HE4L 47 S -
42 WiEE |

IR P 1 B0 SR DI 2ok s it
) TR T 5 £ 22 PG EL o I8 P 26 S, 3
5490 A, % 6:2:2 LU BRI I ghdE . BRIE
S RAE. A 2H H00HE 12 ol DT TG 1 B 25 B B LSk
(AR ST . 3 BB R FRD 92 AR BE T, IR B R 4

25 R B E AL 3EAT T BRI SR R A, BSR4
ﬁﬁUﬁﬁ% AW ST R R A I (. BEfa. [
) 5B (EE RS R b, 4t
RI53 R 9 AN, e, BRI es . NE
oprelfn . R CBA . REATCA M. B
“Hfh, Tﬁ%\”“ﬁ@ HH R A Bt Hp ) 4
AL R, AN 366 ALIIZREE .
122 H MK 122 ?ﬂ@ﬂﬁ% SR 610 41, M
1%1ETTHj<%IJZIEﬂE’J%w)%ﬁ%ﬁi’mj VEITE S YItPN
B 8 Fros.
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BRI | R ) %g‘@"*ﬁﬁ}wﬁ% B LR SCHIR T ) PR S| SRR
wn. s fil-7ay 22691 0
#E. THS *ﬁg&%m/ 16563 i
i, ngf%?%fk}%§i§%§55ﬁ/ 25764 2
EEN L i 20088 3
At ki | . @ [ HF )\ B 27161 4
SRS P ERDUE -0 17194 5
SRR EI IS5 i 7aval 3654 6
F L Ay - YINE] 4061 7
B, Ry [ R=P 1 VA 5029 8

(SR 61K S RItVIN |
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i H AR SN A

43 TENIERR

A4 AR AT EAE R (Accuracy) KR
(Precision) 183 (Recall) AN F1 5341 (weigh-
ted 1 score, wF1) 1ENPEABLI % O Fe b, AR5
(o HE G B B E X TR0, 11, THE A Xl (20)-
(23) iz, B TPy, FP;, FN 5y R85 i K P I IE
KPP IR BIERAE AL, CoFRA
B, NAFTAREARDE, n R IRIIFEAREL, ni/N %
RAEBARFEAR A 5 LU E. KA R 2 (Accuracy)
F N B TR R A AR A BRSO AR 1 B A
F&H% (Precision) 54873 MIVH AN KRR RS,
XTIt A 800 4 R U RS- 3, F T A 2 A A AE T A
F—RREATH 2D ShRE T4 2K, & B il
D ERAVE 1) EZAR AR, H B2 (Recall) 2R AN
Fy 4 e 3 B3, P g R 2 S 2 11
FEAS v B A% B FI0M A 1228 1 LU A5, S B A B ot 9% 2
FEA (T8 5 68 /178 UL F1 438 (wF1) a2 40 2%
R B A, B2 F1 8 (R mE S5 4
(o] 22 (R A~ 35) THEL S, U 0] 1) SR 4.

C
Znn
Accuracy = % (20)

C
L 1 TP;
Precision = E;m (21)

1

(22)

C
1 TP,
Recall = —
ecd Cghnuw

c

WF] = Z(n, 2 - Precision; xRecall,-) (23)

N  Precision; +Recall;

i=1
¥

§
»

5 SKE g !
5.1 JHRASEIG

AT G R FH O6F L 27 =T SR W& R 0 28 1R AT T I 225, A
TURERE ] 0 2 2] FE A 4 B B B0 VB ERRAE . 7 i
LR R, I T A R R K AN R G AT UG
1k, W PR AL LE Y SR 003 L 4% BB R R R BB . Bopdok
Ui, AW FOR RN BEE N 16, I ZRFE IR E N 200,
Fify PR ABE TR 0% 7 U1 0 0o R S 78 0 RO RS b A o
TGN BB SERT A, ERBESHMRFEAL.
WX — TR GRS R, IR1F T8 T 2 0 1 ) 2%

B

[0 IRt SRS T PIRIIZR s 2 el
(0% 5%, LT V4555 R SR B AR 5 A
. 6 15 B o 23 0 A8 O 6
LT DI 5 e Bk i, 5 50 0 i 4
B T SR TR BT 111545 5 B4 . M
45 ST UL 81, (T T 6B 0 4 7624 130 $62%
Jei L AR e T R 04, e IR £ PR
LA, AR A T 2 SRR 4 261 4 i
kA L, I ALK R B et b
B T I 25 A 1 5 95 ETR 4 R T SRR H
25 S SO o P 7 U 25, G UL R 925 2 1 5
S (038 R 105 2

175 ¢ —Valid-pre-training
——Train-pre-training
15.0 Valid
——Train
12.5
, 100
g
7.5

0 25 5.0 7.5 1(.)0 1;5 1;0 1;5 2(.)0
Epoch §
0 % bl =1 Vet K o 2

950 PR S I 3 5 2 A G e
AR, A SR JEIFR T — R BISE0, 4 B 4
(YA VRWKV 57 B HE 25 PR R AE B 42 4T
I IRIISENS; (2) Wit 1A B E B P VRWKV $EHUH &
REHES RWKV FR 858 BURE SCRAIESEAT 43 SR S5
3) AR 25k tnER 1 s R E R, B
PRAR G B 25 G R AEAE o AR 1 7 5, Ho o 5k
JEE R R UL ERAG. 7R X B SR SO AR AT 4T S B )
PR ) S TS PR AR P52 B T 1.29%-2.68% T,
HA RIS T 2.68%, 780 WilE T B 5 B XS
HVEREEAL B RbE, BN EE I, NI
YARHIE A B 2 5, & Difa s gt — B4 2.67%—
3.33%, H AR RIET; 2.74%, FEH R IR T Bk E
PRI R — 5 BRI, W 1Z A H R AT AL AR Y ) 7]
J7TH B B EAE R, BERLE 2 R0K o i S R, A
B> TR BRI, AN, AL FL 2330 (wF1)
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BRI 3.33 AN F R, RWIHAEANEE 2 05 5 %
Kt i e I AR A2 A RE T, wF1 IR AATL 1
RULE 22 AL 55 Hh BTN R e 1k 55 8 e 1k 1 5, A
T2 4 FZ EIAIE T 75 AE SRR 37 5t b BT S 1 5
&R,

R 1ML RE

Accuracy Precision Recall wF1 Params

TR GFLOPs
3 W) ) (R (W (M
VR 87.10 87.72 8732 87.62 217.94 18.50
VR&R
89.78 89.16 89.64 88.91 339.47 31.53
(normal contact)
VR&R&DCFF
92.85 91.90 92.31 92.24 360.41 34.26
(ours)

N B GE VTl A5 B 2B i ot A AR - AR kR 1 R
I B T AAS [F) 45 M TC B 1) B IR TR, AR SCAE 3
S A6 2 PR A T 30T I S U (Patams) 5
T 4 F (GFLOPs) 34T Y &1 4 it 5% oy, i
% 1 Ji, VRWKY 5 RWKY BB/ 5 (kB 5 4
T EBRSHCGE GE B 7RI RN AT R
PR Bl NS TR A58 O H S, A5 2 5008 & b Rk
1) 339.47M _ETH 241 360.41M, = {5 785 1 i
31.53 GFLOPs 1% 34.26 GFLOPs. 2k &, 3h7&
A AE X 5 NI T 29 20.94M %4 S 40
2.73 GFLOPs FHERE F4H, P 4 1 1% 1545 H 7E 9% LA
PN IX 3R W BT 0 B A R A ML 7E CRRRBEAL 45 i i
BRI FI, a8 B B TR A RIS Rl & 68 11, &
TN R TR SE B S R,
5.2 fRBIFLLSILE

NRE— DR UEA ST VG BC T3 i 1A Rk, A

WHFCEI 7 5 Al 4 /i 32900 0 BUR 2 2805 1k A7 X L s
B, BLH LLVR T % 2] A3 YOLOY1 01 YOLO11
KI5 5y k7 LA J CLIP. ViLT. BLIP. VLMo,
ALBEF £ #25 AMEM g 7 1 (50 LU S8 1) A A A
T R B 1R 2O, AR ST 53 Tl e B 1 A [R) RS P A Y
HEAT 256, BARE4E YOLOvIOm. YOLOI1m. ViLT-B.

CLIP-ViT-L. BLIP-Large. VLMo-Base fl ALBEF-

Large. SEI0d 2, prf LA AL /NS 8 R 16,
VIZREE B E N 200, B GRASEBLTE I 250 72 Hh e % 70 4%
WSk sEge gt Ransk 2 fhos.

SEIGSE R R, DL YOLO RAINARER I Fhik
5 YRR RITE B 25 S0 0 FAT 55 R DA, 1% 3R W 2%
T R 2 X 4 (R AE SR B RE D) A7 7E— 8 R BRI, &
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OB AE = M R AE 2 IA 5 T RE I AN 2, 3 T s e 432
FEEE. BbAb, St gk RIE R T 3T Transformer 2244
) 2 1A KRR AT 55 B2 FH o0 R VR RE U AT HR 2 K
HE R 2 R BB 4%, BV CR FFR7HE Transformer
ZE R AE DL S B PR e AT b e L, A SC AT R R
J7 kA& CNN. RNN /% Transformer 281 ()R & 3048
MR 856 T = F % B, S 7 2Em
SR VERRIR T, AR T S B i K1Y ALBEF B,
AICHEH E@ﬁ?%ﬁ%ﬁﬁﬁ?’éﬁﬁib@? 2.29%—
3.529% [RHRTY, Hork 0 KuER IR TF T 3.17%, iX—
LTS IE TARWKY, 15 VRWKY 3647 40K 76 1 i
b R, W) T 4 KR BAL S LR
e TR A SCHR B9 7 VEAE AL F1 20 40 (wF1)
fabr FAL ALBEF AL TE T 3.52 M E 40, &L
T2 T Transformer JEH I 2 BESHIA. 245 R w0 R
B, BT TE B AT KRR 2 B 0 7 Ak B 25 MR 9 2R 1Y
B E AT S R I H B B 2 AL RE T, 75 DL E A Y
A& m 1IE R S TR 4.
F 2 XHSEIRE RE (%)

LT SR Accuracy  Precision  Recall wF1
YOLOvV10m 80.81 80.13 78.64  80.52
YOLOIl1m 81.93 82.87 8295  82.59

ViLT 84.86 85.86 84.83  85.84
CLIP 86.82 85.94 86.44  86.73
BLIP 84.25 84.93 8438  84.93
VLMo 85.71 86?81 L8384 8517
ALBEF 89.68 89.61 89.93  88.72

VR&R&DCEFF (outs) 92.85 : 91.90 92.31 92.24

—
53 \KIERIRSATLE SET

S AR T VA T2 R TE W UL o 5 I T
YL, ASCAER— LI 44T, 5 1 2 A KR AL A FE
CLIP (%8I0 f K /NN 864 MB). VILT (BB S 1k
/N3 870 MB). BLIP (B84SR /MK 936 MB). VLMo
(BERYSCAE K/ )9 1100 MB). ALBEF (BB S K/ Ty
1223 MB) PLR A SO RS (R S A K/ 1250 MB)
BT TR SRS, Giih RIR TR ISR BE. W
B B BT 5 L A R) 5 LA A Be GPU 1 % (GPU
utilization rate). FKSLIE ST 5 AT AL 45 R an & 10
Fi7R.

MG E s e DU B, 2980 BRI 3E T Trans-
former 224 {f) K MR AL 6 18 5 AL AL (CLIP. ViLT.
BLIP. VLMo /& ALBEF) fE Y%k, Sk 5 Mt & B B
(RIS IR FE LA S GPU B2 )P 35 R FH 26, B4k R I
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i H AR SN A

GRS K0 52 e M AR A S (R 3, BRIl 5 A 28 22 50
RN B A 5 2 B2 R 38 0, AR AN 6] B B Al i (0 o S
] S 25 1K, GPU I 26 7R AH BB e, SR H S S 7Y
FE 14 B B2 T 1 [] BF 0 B B2 R B H T B v K. AH LG
AR SR H R AT LR SR B 38T AL R AL A 7E I
Sh B Ul S I AR A I TE) Y #E AT GPU I 2 4b
T CLIP 5 BLIP 2 [a]. RAEB A A G B LR KIS
BB, HaE I 75 A4k 7 S s AT R R AR R
BRI T AR B PAT AR, TE IR R FE )
AT TSRl T 5% s O R T M HEBE S RS XL R
AL FE SR T TR BUTE CRFE R IR Rl ) 2 2 g
1 [ B B A% R R T SRR, IE i — P IR IE T HAE Sk
B F 3 se b B B AT S )z I HET T .

= Training time (min) 270.49

= Validation time (min) 98.16 4498 .0
250 | Test time (s) .
—e—CPU utilization rate (%) 53001
B 97.5
200 19114 97.0 <
171.2 g
164.71 2 ]
96.5 =
150 14337 2
g 2
£ 9.0 §
= =
=
955 5
Ay
O

100 | 521 |
95.17
94.18 b
50 I 40.73
25.65 4
0

CLIP VILT BLIP VLMo ALBEF Ours
Method

K10 BRI g

6 Z5REE .

AT RS T WA FAT () AR X S T
{7 4T M0 E R, 308 8 S e s 15 2%
e T MR SR ELA 5 8. VB PR 40 23 2K B0
B BUGHEAT 43, b B R T AN L BT SN
ShEE RN FER , SEHL T 785 28 1 T B 7 5 DA > e
P, R T BRSO A TR 107 R R
THGHT B S B KN R, i T 28
BRI R HUA 78 49 FEE SSAER 11 1) F. i 5N
sof Lk 2 = S HEAT TR 2R AL AR Ak, HE— 25 3R T+ 4 2K
WERE. S22 R, BRIk B T A
%, L F1 480 BT YOLO RAIM LA
KRR $R T B EUR 4y S v

AT TE A% it AU SRR A A 2 R

. B

RBEBPBTTT . HER T RN RERE
2 PG R AR ABL A A o DA e I 5 et B PO B A
ARSI VA AE 7y FMERA L 19 AR B e ALK
PRI AR SR BT S S T J B8 22 S skt — 20 s 4
T3, FFIRZFLAE SE PR B 7 5 (R B8 .

S 30k

1 TAEFR. K2R EEh L EEe 2% s
X, 2007(2): 48-62. [doi: 10.3969/j‘i$\sn.1000—7830.2007.
02.008] -

2 I [ fe. R B A ] A SRR
JiE. 2 2007(7)¢50-52.

3 e, MRE. 3T OO YOLOVS 19k 5 IR 43 25 7712,
55 TR AR, 2025, 42(1): 59-65.

4 Ma H, Lei S, Celik T, et al. FER-YOLO-mamba: Facial
expression detection and classification based on selective
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learning models to enhance plant disease identification.
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tumor grading system based on histopathological images
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