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Abstract: Objective Charts are a vital tool for information presentation in research and business analysis, offering a clear
and intuitive understanding of complex data relationships and trends. However, the inability to access the underlying raw

data of these visual representations creates a serious barrier for in-depth analysis and further data utilization. Chart data
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extraction (CDE) technology aims to bridge this gap by accurately extracting data from visual charts and converting them
into structured numerical values or tables, enabling complex metric calculations, chart type conversions, and other down-
stream tasks. Method This study addresses the challenges of CDE in the Chinese language context. We present the con-
struction of the large-scale Chinese bar chart dataset, which contains 58 712 images encompassing various types, including
vertical, horizontal, and stacked bar charts, with complex scenarios (e. g. , multiangle text rotation). We derive special-
ized datasets for chart text recognition, text classification, and legend detection, providing a robust foundation for Chinese
chart understanding tasks. To evaluate and compare different CDE approaches, we propose two benchmark models. Rule-
based chart data extraction: this method combines text recognition differentiable binarization net (DBNet) and object detec-
tion you only look once version 5 (YOLOvS5) algorithms to extract textual elements and graphical features. A rule-based
library, which is designed based on chart structure characteristics, is then employed for data structure reconstruction.
Large model fine-tuning for chart data extraction: this approach utilizes a pretrained large vision-language model (i. e. ,
Qwen-VL-2B) and adapts it to the CDE task through parameter-efficient fine-tuning low-rank adaptation. This method
leverages the model’ s general knowledge representation capabilities and enhances its performance on specific tasks with
minimal computational resources. To assess the performance of the proposed methods and existing state-of-the-art models,
we design and implement a CDE and type conversion system by using PyQt5. This system integrates multiple models,
including the rule-based approach, the fine-tuned large model, and other open-source CDE models, enabling users to eas-
ily extract data and convert chart types. Result Experiments conducted on the Chinese bar chart dataset demonstrate the
effectiveness of the proposed methods. Among the compared methods, the rule-based approach achieves the best perfor-
mance overall (F1 score of 69. 97%), particularly for charts without data labels. This success can be attributed to the utili-
zation of optical character recognition and object detection models specifically trained for the dataset, along with the image
segmentation and multiscale line sampling true value correction algorithm. On the English Understanding Data Visualiza-
tion via Question Answering Dataset, the fine-tuned large model outperforms existing state-of-the-art methods, achieving an
F1 score of 61.28%. This result highlights the model’ s strong generalization capabilities and robustness in cross-lingual
scenarios. Qualitative analysis further confirms the effectiveness of the proposed methods. In comparison with other mod-
els, our approach demonstrates superior performance in handling complex chart structures and irregular text, accurately
extracting metadata from charts. Ablation experiments are also conducted to investigate the contributions of the different
components of the large model fine-tuning approach. Results reveal that the combined fine-tuning of the visual encoder,
language decoder, and cross-modal adapter achieves excellent performance, indicating the necessity of a holistic optimiza-
tion strategy for complex CDE tasks. Conclusion This study presents a comprehensive approach to CDE in the Chinese lan-
guage context. The construction of a large-scale Chinese bar chart dataset and the proposal of two benchmark models pro-
vide valuable resources and reference standards for future research. The developed CDE and type conversion system demon-
strates the practical application potential of the proposed methods. The current dataset focuses on bar charts and synthetic
data, so future work may explore the integration of real-world charts and additional chart types to enhance dataset realism
and diversity. Further research should also be conducted to investigate other robust model structures and training methods
to address the limitations of large models in managing complex chart structures and irregular text. The developed system
can be further expanded with functionalities, such as supporting other chart type conversions and chart style modifications.
In conclusion, this study provides a substantial contribution to the field of Chinese CDE by offering new solutions and pro-
moting the development of multimodal data analysis. We believe that further research and development in this area will
unlock the full potential of chart data and enable efficient and insightful data analyses in various domains. The dataset is linked at
https://doi.org/10.57760/sciencedb.j00240.00052. The code is linked at https:/github.com/maqiuping59/ChineseChartExtract.
Key words: large language model fine-tuning; multimodal data extraction; Chinese chart dataset; vision-language joint

learning; data visualization reverse engineering
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Table 2 Numeric dimension category examples
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it - B 4% Table | #13% Chart A5 Title

1) while idx < num:

2) x_label «— RandomChoice(Labels,1);

3) legend «<— RandomChoice(Labels,1);

4) range <— RandomChoice(Tricks,1);

5) label_num <— Randint(2,10);

6) legend_num <— Randint(1,5);

7) Table =[];

8) for (row = 0; row < label_num; row++):
9) for (col = 0; col < legend_num; col++):
10) Table[row] [col] = Random(range. low,
range.high);
n Title <— “ A [d] {x_label} & 19 {legend} /¥
{range}”;

12) Chart <— Plot(Table);
13) return: Table, Chart, Title,
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Fig. 2 Example bar chart images( (a)vertical bar chart; (b) with value label; (¢) trick with 45°rotation ;

(d) stacked bar chart; (e) horizontal bar chart; (f) trick with 90°rotation )
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Table 3 Statistics for different types of bars in the dataset

i
W BAARE KTARE MEAUE  BRGE  RRIEE4s  REiE 0" aif
‘Ullé}ﬁ\% 6 884 6 946 6920 6 549 6982 6814 41 095
ISIFAE 1967 1984 1977 1871 1995 1947 11741
MR AE 984 994 990 936 998 974 5876
ﬁ’ﬂ“ 9 835 9924 9 887 9356 9975 9735 58712
NE # Bzl R KRS % R
1000 — IR TR TS o — N B ]—{ kg0 ]
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< 400
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Fig. 3 Rule-based data extraction method for charts
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Fig. 4 True value correction of multi-scale line sampling
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Fig. 5 Numerical-label matching process
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Fig. 6 Examples of the instruction fine-tuning dataset
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3.1 HiESK

Sy 1 AT VAL R AR th ORI SRR AR T
(R BEZR I , B A SR 2 1) v SC IRl R B AR AR A1, 38 B
B B F AR LML T 2 500 R4 2555 TE AL
B X ok S S R, A AR TE TR SE R T BRSO
RN SCASTE ] | P15 A6 0 0 SCAR 53 8 55T 55 1 Bt
FRvE TAE , LU T U250 R P4k 35 7 0000 %) 547 4k
Tk WG KA BR R G —F IR 7220 1 Y LA
R 53 R U R4 30 TE 48 AN a4 | EL A 4] 431 150 1

3.2.2  FEIREAEIBOTEATTE bR

P BRI BUT 55 b, O T PEAG LR Mg
AR SCAdE K 56 2% (precision) | A [8] 3R (vecall ) #1 F1-
score 1’!5%733%%1‘»92431’51‘/%@
3.3 XWER

el 3 SO Ao 5 TR 25 SR 3R 6 BT #E T SC
P12 0000 4 L ) SCAR ARG IORS A %2 hy 98. 5% , SCAR M
I HET R 98. 74% , 1695 LK FREAEE DVOA -
1) SCAS K FRIRS T 5% R 99. 24% , SCAS TR () HE B 5
}99. 53%.

F6 BERXAWMINARER

Table 6 Results of the chart text detection and recognition

L5, SCA K SCAR]
PGS
=5 HEENSER precision  recall  Fl-score accuracy
Table 5 Division of the dataset HhoC R ER 09850 09117 09469  0.987 4
/M DVQA 0.9924 09435 09526 0.9953
YIgsE  BirgE WikE 43
pEm—— T o 1 e o TPl B SCAR 42 A S 27 1 B B 0 —
kam 20s00  soss 201 somis  VCTEISCASLLE AHEE G HBHLAR SRS BT 4
(&1 2% 36 581 246 255 1082 R IPRERINGRT B , TR, X B A 2R B
fEknk e e s s | TOEOURSRIBRIKE T 6% LLL
wen2.5-VL {4 7 BIRXADELE
?DVQZA;;?];éﬂ:I 1500 500 500 2300 Table 7 il%(esults ff chjit text clisification

3.2 iFEIERR
3.2.1 CARHEBIVEAGHE bR

FE ORI 55 v, DAL 4 bR A 2 15 B 52 )
XA BE P o B R PEAR D kb, S
#5 (edit distanc ) FI P47 HEHf % (character accuracy )
SR T FEAR  BAERE 5 P AFTE N W R BR A
St o0 B 300 3 AR AN A 8 22 ] ) B/ R TR
Sfe A ek AR AU | SR T % SOAS (AR 28 sl 851 )
HX e AR Bilan, #5745 “2019 F12020” ) 4
BEPE B AR 1 R 25 5 0 A A U R U Tk
ARG BUEIR2E , 111007 5 <1000 1 F45 25 5 B
AN BEIR ZHRR

X I 2 Jry R | AR SCIEBEMER % (accuracy )1
AL CVPAGHEBR o HERR R A 5 SCR T SCAR 5 FLSE
SCAR 5 A DC Y A1), AR 35 AE T B8 142 S A
TUAE kg VCC 25 1F N A MERER I

precision  recall  Fl-score  FEZEL
P it 1.00 1.00 1.00 249
b 0.96 0.95 0.95 248
iyl 0.99 0.98 0.99 285
bR 0.99 0.98 0.99 1176
Pl 451 0.99 1.00 1.00 730
ZEE 0.99 1.00 1.00 2139
SR 0.99 0.99 0.99 4827

i FH Yolovsn U & ] 52 56 v i e Kl i
UL A 200, B 46 9% IR 7E 188 4, Iu A 78 I ik
£ RHER S 99. 39%.

TS EIREEE LI SEIR A R ANER 8 R . A
SCHE T HIN 0 e SRR A B TR A Bl A B i br 4
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Ab T EGr EV R 5L T 22 20 B B R AR 1) FLME AR IE
SRR A A5 5 D 1% 1 2l BBk i B (A U
BEAS 2 T4 T X T A B AR A 1 AT 1Rk
Ui, T AR RS B A TR T SO e 4
PR 2 TR R IR 3R RO B 2%

XiF LU B A O AR AR, 22 B S R AR A T8 S
WIR b 28U () 2501 (1A B Sl 9 oI55, MR 3 A [l 3
Ph K& Fl-score 43 3| $& F+ T 56.66%, 57.78% i
58.95%. MEZEHREH , 5 H T HN ) J7 8 W4 A
J, RIS KRB I e A AR 1 SR 18 13k
15 TS A U B R AL 25 D0 75 1 SCA il B
REJT 5 (HAR XS T3 B AR B U, 280 s AR AU 7R
AR T 45° W) Fl-score FFET 30. 88%, Jig

®8 PXERMFEELIRER
Table 8 Experimental results on Chinese chart dataset
/%

Rule- Qwen-

VL
Qwen based  VI-LoRA

precision 3.38 92.36 78.73
SR SIAL] recall 6.00 93.14 79.63
F1-score 4.32 92.75 79.18

precision 9.26 89.25 72.91
KRB R recall 11.23 9133  73.01
F1-score 10.15 90.28 72.96

precision 0.81 74.85 38.44
e SIAL recall 1.07 75.69 38.71

F1-score 0.92 75.27 38.57

precision 0.69 56.89 47.85
BRASTENE 45° recall 2.74 58.24 48.77

F1-score 1.10 57.56 48.30

precision 0.00 48.46 32.94
PRAETERE 907 recall 000 4729 3462
F1-score 0.00 47.87 33.76

precision 15.24 12.25 77.76
BARbr % recall 17.27 11.39 78.32
Fl-score 16.19 11.32 78.04

precision 0.83 69.57 57.49
K recall 5.87 7038 63.65
F1-score 1.46 69.97 60.41

T I P O BT R LSS 2R

B 00° AU R I T 45. 42% , Ui I RAR U 75 A HE )
SCARPUN B MERRIR A TR R . S oh, RIERIE HE
B S0 B AR AE B AN, X 10 BH R 7R X
FAMEIE TR HESA FEi e .

Shy 25 B UE SRR i (A TR X SCEHR 4 1 il
HLig 7, A SO DVQA Fiedln i hBEALHIER T 2 500 15
KR IEATSC0 . [RIB, SEHRT S Hir ek i mr Lok
H R T8 S AER L 5 markdown JE 28 1 [ 2 il B
pidl Unichart(Masry &5 2023) Fll DePlot (Liu %5 ,2023a)
HEFTXF FL S5, SEER A AR 9 iR o (A fe A A AR
16 DVQA BUREAE 1Y Fl-score 53] T 61. 28%, i
7 UniChart Fl DePlot, BUf5 T ettt fE

K9 KXHFEEIKER
Table 9 Experimental results on English dataset
/%

DVQA
Iridk

precision recall  Fl-score

UniChart(Masry 5%, 2023) 27.59 22.08 24.53

DePlot(Liu %, 2023a) 46.53 37.11 41.29
Rule-base 30.25 31.36 30.80
Qwen-VL-LoRA 60.70 61.87 61.28
TE L AR 9 AR S
3.4 TSR

AR EI R AR DVQA L IF S e oA
S, T LA WL AN [ AR Y i AT RS L
L SLERZE R ANE 8 N 10 fr i, 72 AL FEME B A
& & 8 (a) I, UniChart (Masry % ,2023) B T #LAS
B4, Chart-to-Table (Huang 55,2024 ) H Bl T KAR AL
ZIvE LG it T 5 Y AT R T O N A, T
DePlot (Liu %%, 2023a) 5 5 f5 9K AE 5 1 A #4) 2[4 3%
S5 ABTC I HERR A WTECE . TEAL BRAR S Tie e
K 8(b)H}, UniChart A1 Chart-to-Table ¥ H 3 T Jo i
WA PN SCAR I A, 91 41, UniChart #4 “honey” 5
BRI A “money” , Chart-to-Table ¥ “ craft” U 5] A
“carf”, MHELZ T, DePlot #15Y 5 AR AT DLTHEAf Ho - 5]
HOSOARRRZS  (HAR IH TS HERf U B R B . 7
IR B AR ST VR 24 RE MR MDA BT ik
52 T
3.5 HELXIN
3.5.1 UARGPE

T HE T BEHL AR BRI (&2 SCA 7 28 923 v, BR ST
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Fig. 8 Example of a qualitative analysis experimental chart((a)stacked bar chart; (b)label rotation chart)

results
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Table 10 Qualitative analysis
I PR ]
Characteristic | [unnamed data series #0] | [unnamed
UniChart “<extract_  data series #1] | [unnamed data series #2] | [unnamed
data_table>  data series #2] | [unnamed data series #2] | [unnamed
(Masry . )
& 2003) <s_ . data ser%es #2] | [unnamed data ser%es #3] | [unnamed
answer> data series #2] | [unnamed data series #2] | [unnamed
data series #2]
TITLE | TikTok usage frequency among internet
users in the United States as of March 2020 &&&
Entity | Values &&& 0.0,0 -0 - &&& 0.0,01 -
Chart-to- “<data_ &&& 0.0,01 - &&& 0.0,01 - &&& 0.0,0 | - &&&
Table table_gen-  0.0,01-&&& 0.0,0 - &&& 0.0,0 | - &&& 0.0, 0
(Huang  eration> |- &&& 0.0,0 1 - &&& 0.0,0124 &&& 0.0,0124
&5 .2024) <s_answer>”  &&& 0.0,0 124 &&& 0.0, 0124 &&& 0.0, 0124
&&& 0.0,0117 &&& 0.0,0131 &&& 0.0,0124
&&& 0.0,0117 &&& 0.0,0131 &&& 0.0,0124
&&& | None
Generate
DePlot underlying  TITLE | Title <OxOA> Values | inch | pot | temple |
(Liu 5% , data table proof | sweat <OxOA> memory [ 251919114117
2023a)  of the fig- <0x0A> impact [ 2.5191918 |14
ure below:
e — A
Bees ¥,
SR
%3 B 2 F il limemorylimpactll——|——I-—llinchI312lIpotI317lltemplel
* B E S 1I5lIproofl 712lIsweatl3|8|
P, T 5% N
markdown

T

Characteristic | story | beach | vision & none | 1.0 |
4.012.0 & money 1 6.014.012.0 & foot15.014.01
2.0 & view 15.014.012.0 & fellow 13.014.012.0 &
Mind 15.014.012.0 & craft 1 5.014.012.0 & anode |
2014.012.0

TITLE | Accuracy of algorithms on different datasets
&&& datasets | accuracy &&& 0.02 | video &&&
0.98 | video &&& 2.01 | fifteen &&& 3 | twenty &&&
2.62 | fifteen &&& 8.0 | black &&& 9 | carf &&& 6.0
| fifteen &&& 5.0 | black &&& 3.08 | fifteen &&&
9.0 | carf &&& 1.0 | sqloye &&& 9. | retail &&& 1.0
| retail &&& | None

TITLE | Accuracy of algorithms on different datasets

<0x0A>Accuracy | story | beach | vision<OxOA>none |
4.0118.2213.98<0x0A>honey 1 9.07 1 8.98 1 4.01 |
5.04<0x0A>root | 5.01 10.00 1 0.00 | 5.03<0x0A>
view | 5.0110.00 1 0.00 | 5.01<0x0A>fellow | 2.01 |
0.0010.00 | 7.08<0x0A>mind | 3.03 10.00 1 0.00 |
6.02<0x0A>craft 1 5.0119.08 14.01 | 8.08<0x0A>

anode | 1.0010.00 10.00 | 4.00

lInonelhoneylrootlviewlfellowlmindlcraftlanodell-=I--I
—=l|==l==l==l==Il==I-=lIstoryl 11915151213I5I11Ibeachl8|
8141513151912lIvisionl412151517161814]
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AN ERFIEAN , E— 5 AT BRI, gk o
s, 5 AR5 AT MRHIER baseline FEALA G, 51 A
D7 Ta) 4 IE A A5 A5 AU 75 4 5% L [BR AN F1 4040 1
BRI T 3%,
3.5.2  PRIEREURE

S 1 R G R A IR AR
WA (VIT) (15 5 A28 (LLM) B B A AT B 2%
(Adapter) 7£ &1 22 540 i BT 55 v i) 22 54k ik .
SLESEE RN 12 R

K11 XERHSEEMIRE

Table 11 Text classification ablation

precision recall F1-score
AL TT I AR 0.96 0.96 0.96
AL T5 TR 0.99 0.99 0.99

TE IR R R 9 B A2

1) B — A HLOM . VIT R PLSE g i % , ok
T T2 B A P R SRR (A A i R3] Bl )
MFRERE 1. WnER 12 25 1 R, 5 R IR R AR
L, X VIT S J5 B F1-score #2711 28. 13%.

LLM 1 i 55 et 25 , LA i 3 S A 1 %)
At R (43 SORI AL RE 77 CAn B SR 5 4 B
KRR . W12 h S5 2 s, LLM G0 5 1Y
precision (28. 73%) & T ViT, 156 B A i /b SCAS A=
AR CUERC(E i 22 A% =R AL Jr T o L34 (H
JEMRI SCA B T e B A0 T Bk

N2 12 5256 3 iz, Adapter 1E S 52 0 2% 5545
BN FEAEEL , HA O B AR BB 28 A v — SCAR T g

18 H R TR 2 X o B SCAR R 1 TR BE AL AE , XE L
ST S P O 2 TR 3R DR B REAE X 5%, R e 4R T
HBR.

2) WU ER A A o o g 12 S8 4 TR
1 VAT 38 A 58 A AE H2 B, Adapter (AL AL 56— SCA
XF 5, 02 0 5 R Ak 1 3 e R E 6 — 1 Sk
S B AR Can A Rl bR 28 5 5 XTI O R ) o
SR, B T8 Z LLM 1 SCAR A R Ak, B 288 th i
5 AT 32 BR (precision 4 30. 62%, Ik T LLM +
Adapter 415 ) o

MR 12 H 525G 5 7R, i ik LLM R SCA A i
Adapter 3 5 PRI X 55, ik — D 4R T 1R R AR
fEfETT o 1H LLM XASEARRAE 1) [ 42 T BO AR &
Ze P F AL e 2 T PR AR 7155 T ViT + Adapter 41
A (recall 7142, 88% KT ViT + Adapter ) 47. 91%) .

3) ZARBIR SO . SR ViT + Adapter +
LLM B (AT ZRB 508 3. 95% ) , A R S8 “ P o e
TEHR B — S B X S — SO A i 2 i AR AL
12 " E2E 6 T, BEHT , precision  recall Fl F1-
score ¥4 ik B fz A, 43 5 N 57.49%. 63. 65% F
60. 41% , Bk T Z AU A T X 52 2% [ R 500 il
B35 b B

4 BERMNREZEITSXH

Oy R — 2 i SR SCA IR ST R, AR R B8R
PyQu5 HEAT PR BIE i BUR GE 0T, 1 Bt 5 i
FET LI ) PR S A O 7 BT Qwen-VL B0
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