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Abstract: Visualization and visual analysis have become an key instrument in analyzing and understanding data in the era
of big data. Visualization maps data to the visual channel through visual encoding, allowing users to quickly access multi-
dimensional information from large amounts of data through the human perception, while visual analysis builds an interac-
tion loop between data and users based on the visual representation, and promotes the user’ s reasoning on complex data

analysis through interactive visual interfaces. However, as the current data scale continues to grow and its structure
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becomes increasingly complex, the rich information exceeds the expression ability of the screen space and the processing
ability of human visual perception. In this context, straightforward visual encoding cannot effectively convey all the infor-
mation in data any longer. In addition, interactive exploration is challenged of large-scale complex data as well. It is unfea-
sible for users to determine the exploration direction based on experience or simple observation of data. Users may fall into
time-consuming trial-and-error attempts without uncovering the insights hidden in the data. Therefore, it becomes natural
to shift the effort from users to artificial intelligence. The most recent visualization and visual analytic approaches often rely
on artificial intelligence (AI) methods to analyze, understand, and summarize data, extract key structures and relation-
ships from data, simplify visualization content, optimize information transmission in visual performance forms, and provide
guidance and direction for interactive exploration. With the advancement of Al methods (such as deep learning) , machine
intelligence is constantly increasing its ability to fit, analyze, and reason about complex data and transformations. This
empowers artificial intelligence to overcome the heterogeneity across multi-modal data, such as the data elements, user
intention, and visual representation. It further enables Al to establish complex connections among these heterogeneous fac-
tors involved in visual exploration. Accordingly, leveraging the power of Al to enhance visualization and visual analysis sys-
tems has attracted significant research attention from the visualization community in the past several years. This research
direction inspires a wide diversity of research works. Some might focus on improving the performance of traditional compu-
tation tasks in visualization with Al methods, while other works even expands the boundaries of visualization methods and
explores new research opportunities. For example, in visualization creation, by learning to accurately match data features
and user intentions, the Al-powered approaches can automatically create visualizations showing the key information of
users’ interest. These approaches effectively reduce the requirements of professional visualization skills and relieve the bur-
den on users in manual operations. For scientific visualization, by observing a large number of simulation members, the Al-
enabled techniques can quickly generate renderings of different simulation parameters and visualization parameters in inter-
action without the need for time-consuming simulations or complex rendering. For interactive exploration, by incorporating
various kinds of interaction means, machine learning-based methods can reduce the learning and usage cost for users to use
interactive systems, and, therefore attract a broader range of users to experience visualization systems. For visual analysis,
by learning user behaviors and analyzing data, the intelligent approaches can suggest interaction operations during explora-
tion, reducing trial-and-error costs and improving analysis efficiency. The literature review briefly introduces the Al-driven
visualization researches, summarizes these approaches by categories, and discuss their applications and development. The
survey covers four key tasks in visualization: data-oriented visualization management, visualization creation, interactive
exploration, and visual analysis. Data management focuses on how to represent and manage large-scale integrated data to
support subsequent high-precision rendering. Visualization creation focuses on how to map data to informative visual repre-
sentations. Interactive exploration discusses how to enrich the interaction means during visual explorations. Visual analysis
emphasizes how to combine visualization and interaction to facilitate intuitive and efficient data analysis. These four key
tasks cover the entire visualization process from data to visual presentation and then to the human cognition. The survey fur-
ther discusses the application of intelligent visualization and visual analysis using chart data as an example. Finally, the
paper will discuss the development trend of intelligent visualization and visual analysis and point out the potential research
directions in future. In terms of artificial intelligence methods, this survey focuses on the application of the new-generation
of intelligence methods, with deep learning being one of the most prominent representative, in the field of visualization. It
does not elaborate on the use traditional learning methods, such as linear optimization and cluster analysis, etc. Intelligent
visualization becomes central to the entire discipline of visualization with many potential applications. Several key trends
can be observed in its development. For data representation, the trend is to move from structured data on regular grids
towards a more flexible and effective space using deep representation, commonly through networks based on multi-layer per-
ceptrons. The improved computation space can open up possibilities of further researches, such as 1) generalizing the neu-
ral network to handle multiple variables, 2) multiple simulations (ensembles), and 3) multiple tasks. For intelligent cre-
ation of visualization, applications of Al include using natural language generation algorithms to enhance the connection
between users and intelligent tools, using data-driven models to strengthen these tools, and making these tools more effec-

tive at recognizing and predicting the user’s design intent. For intelligent interaction, the research focus shifts to develop-
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ing machine learning methods that enhance visualization expression and information transformation , moving away from rule-

based processes with limited scalability and extensibility. For visual analysis, the trend moves towards using deep learning

for content and interaction recommendation, interactive update to visual analysis models, and interpretation of user interac-

tions. Overall, these trends demonstrate the potential for intelligent visualization to significantly improve the efficiency and

accuracy of data analysis and communication.
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BLAR BRI, AR P AR 4 7T EL A e BE I 1Y)
oMz, BEE ARIE S LIRE IR RE VP2 T
YRR A AR TR 5 VR AT Ak 0 32 BT, LA AT A
PR P S . a0 Yu 1 Silva (2020) 42 H (4 Flow-
Sense, fEFR M ARG LIMA T ARG T L B R
T, #2717 E B R G I . Lin 58 A (2021)
AR E A K, e Pl A AR TR )R
B8, A AT A 2 SR o P AR SRS 22 1 (]
PR TEFEEER, AT AL T RO ]
file ek o LA, AEBE A A AL AT, Huang 55 A
(2023) T [ 3 37 5 4fs AT MEAR A2 H B AR A LR
T, Q0L 3 IR, 45 G IR EE R R 5 HARTE & b, uir
SR G R A SRR F AR Th S RE . B
H HIRTE 7 A AT AT AL SE B AR DSBS Y
HARTE A2 DT 1 AT A ny 22 5 g

AR 3 o AR T A i Ok [l 7 AR
A B, O — 2T N Se T A TR .
Kim 55 A (2021) $2 Hy 17— B EE X n] 84k (&1 2 0] 2 1Y
Tk R T B X AT A R A b $H v 3 A A
— B R AL PR HEZE 1 SETE Vega-Lite [ K & Hhdih
BB O S gt . FE SR AL L iZHESRGE A Bt
W SRR A ) REURTESE P12 SCIG RS R | 3 i LA

3 HRIESWARIZHIER T H (Huang 45 ,2023)
Fig. 3 The natural language-driven flow field

exploration tool (Huang et al. , 2023)

S RENINWIRz S AT AP P VA kA € S B4y
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TR B 4 R . %07 DL A ARIE S5 B R
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H AR S A AL Z 5, DR g% N 2, OF A
Bl AT s ERE, DT T P X AT A A 3
fiff o 1205 vk SR T TR B A 25 9 2% B A Mask R-CNN
(region convolutional neural network ) (Ren %5 , 2015)
PEAT AR A28 A9 U0, 4545 PG Ak BB AR S IR
LA IR R P B A A SRR TE B A S 1 [a]
Ik F AR AL B, BRIA SR TR DA R S AR
BN ZE o KT AL TP Y SRS ORI R AR RN N 25
VEPCZ e, ARk P P 46 ] A 1 3 R 0T 7 ) il
TR RS Az AT IRAL T R R S A R ) — R ZE R
X ZR 9 25 S 46 T A 1 P 25 AT DA A i
B TR Ak PN 2 0 T RO 5 P R AL Y B
fite o FETARALAY B A9, R R rT b 3 AR E
B 78 K BEAR P BN HNAS | Latif 4 A (2022) £2 11
T Kori, BREETE ] P i A H ARTE F SO B B HfERE
HEHE . XM G R BERS R P AE AT T AL AN
AR Z A AT BT SCUI AR 4 . Kori #4 7] 41
P AFTERY T A AT BERY A SRR 7 A TR IR, [R)
A RAL TR 8 FE A G 2 b, 738 2o T 24 1) 3] o)
SRR SO TP 1 N 2SR A R B P S AR T
ARl 2E 5.7 A A T AR 32 B 5 30
ARG G, AT LR T P RS2 BA R . 2018 4F
(1 iV 7T A8 518 (Lee 55, 2018a) AFFI5F 25 BV LA AICHE v
WAL Z RS BRI RIE , b 458 ARTE F
AT HJETEEA N M . Valletto(Kassel fil Rohs,
2018) #2 i —Fh A Ry 32 B 07 =, P n] DLd s A
SRTE SO CRLFE B AR S ) s 8l
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K4 nTRAk A shik Bs i (Lai 4, 2020)

Fig. 4 The visualization with automatic annotation(Lai et al. , 2020)
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W RO, JF B 7R B A AR TR R Sl
FE E R SRR BN R IR H AR R R A
Ko BExFEITU AT AL I AT & T — A28
) 2 4t DataBreeze (Srinivasan %5 , 2020) 3 4b # B0
AIRAL I S H. o BEXS B GU, Seipel 55 A (2019)
Pt — i PR R AT R ) 2SR AR K B
SRIE S 5 1858 I 5 (augmented reality , AR ) 38 H AR 3K
ginE—i.
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PEATHER . MDA, B TR o7 ) Y RVt e, T
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R4l R 2 2] A2 v L 43 b i TAE AR rh i A 62, A
KA FET] Lh43 R 34200, RIS i Ak 3 5 B0 42
P& . N AE B #% (human-in-the-laop ) )% BE 73 Bt A S FE
TRIAIZE PR A . ek, i TR EE A 5
FREIR I , AR SCOGERE 22 T A0 Ak A 18 e AT L 43 by igF
T4 .
4.1 HIEHALESHIEZE

B0t 52 s O b 2 B i O 2 5 R R R
JiE 27 2] HOR BE S HEAT B4 AL B, I DA rb 42 4 G 5
T L DN SRR A2 2 B8 B AT A A BT A 55, X )2
H i L B IR B 22 S B B nT A e A R 4e 7 K
AN TR A AN [R) B TR B 2 2 RN AR AT 3ol 72

D BHFEEHE . TacticFlow $2 1 T —fp 3t T £ 45
7 A A2 Bk R0 VAR 2R DL AR B0t I
286 Y LE L BR ORI AAE R 8 (Wu 55, 2022) o X5
g A R AZ I T s, B SR A% A e Lk
SIVER M, T & AW AR AR A AR 2 e

2)ZS A5G . COVID-view £ 5 1T — FlEr A9 IR
JF 2 3] R M —— 22 5745 2% 3] (multi-instance learn-
ing, MIL) , BE 06K £ 35 43 2 Sk BHA%/F 4 COVID-19
93 ] (Jadhav 55, 2022) . R G2 A H] COVID-view [
S AL B A AR T 22 B RS B IR AR AR T
B TINEIE B A AR

3R B . B — R A R AR 45
TAET IZ BN AT . Song 55 A (2022) #2136 F
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DC C 25 5 TS SR AE LA BRATHE 1 68— X — A 35 500 1
KF, PRI B T — b ] 1759 50 5% B9 7 24 NN, BJ
NeuroAlign , DA HE 11145 S 114 fa7 BA.56 T A R
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NS i 6 2 B, DR R T 1 8040 B 23 A1 1 S )
AP AT I AR (Li 55, 2022)

6) AR . A 1 ] AR Y 1 SR AT e A A
ROAL IR WA PSR SR SR, (H X — 3 R X T3 A 5
e VBLAEI R AP, VisCommentato F ] 224N IR B2 77
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I 8 B IR B 51 % (Eirich 55, 2022) o I 41,
IRVINE Fui 0 51 SRR I obn s, FAR i iR 1Y
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ZRAERE E VN GRAT 55 T 2R A5 1005 8 47 008 19 43
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Br, AT 4 #1245 48 O ik (0 g, 2022 BOE DT 4%,
2022) LR S A SCHK . SR T L M EE T A
2 B 2545 3 B s (Han 45, 2020) 545 2 37 5038
(Sun 45, 2019 ) Zi #% A7 e 17 4, 48 3 ok et 1) 4 22 1]
R B g D A s =2 T ) B, DT 5 BRAE B s
(6] R 6k B 2E 47 R 26 . Han 55 A (2020) 19 7 14 3%
B, LSRG R e 7R 1 U 7 4 4 LU AR 1 06 25 ) 7Y
PRBSE SO A RSO NS, AT & NI
I 4h , CECAV-CNN (He 55 , 2020a ) i 32 | 5 — > 5
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(491 3] 2 3 R 2L A B 1) Wasserstein 55 . L
CNN H) 31 25 11 i 1% K 42 1l A 0 v 10 0 R ke S 381 —
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AT 55 AN — B0, HAIRAT 55 it R RAEl
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DI, I ST 22 R AR A5 A ) 2 ) 1) DI, DA
T SE BN i S FRAE B9 A5 98] . Tkachev %5 A (2019) I
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Sl PO 22 5 s %) e SRR P ] A8 A T % 2
TRAY DX IR R A 12 DI A A 0 S A 34 5 B 4R
B2, O A5 G Y DXk

5 BREXREZEERENH

RN 15 5 | 'abi 4 €7 P
A, D S0 T AR A T 4R IR B R v o A
TR , A BT E5 Al IR 2 (75 T HL
R BIVE AR INAERE . AR 51 Sl LU 5 b
AR AT, 348 m] AL L AS PR U7 i, iz
K A B . R, VF 2 I P PLIX 2 5
TAATF I AT LA N B Ak BRI 52, I BAGR |
B R AR T o AR SORF X ST BT al ML £
O A HEAT AR BRI R GEAR A R A . i T fiE
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BB 1 2 PSR AZ R Y B S 5 (A 5
7R B ILAR SRR B BEE

1 S T A DA P S 42 41 3R BB s w1 %
TR ARG NG R R RERTIA
% . BUEARIBUR AL TR T T RIIBE R

Q ERRE BE EXEi&it
] RIS EILIT
* VizioMetrics (LeeZs, 2018) * KuhnZt A (2008)
- * ReVision (Savva%:, 2011)
EIESS *KongZE A (2012)

* Transmogrification (Brosz%':f , 2013)]
* Harper: A (2014)

+iVOLVER (Mendez%:, 2016)
*PocoZE A (2018)

- Choi% A (2019)

Fan% A (2022)

REB/IKIT

« Transmogrification (Brosz%':f , 2013),
« Harper: A (2014)

« Interaction+ (Lu%:, 2017)
«PocoZE A (2018)

« CarberryZ§ A\ (2006)
* FigureSeer (SiegelZ:, 2016)

ERER I

+ VizioMetrics (LeeZf, 2018)
* Beagle (BattleZ:, 2018)

K5 B RERIFRAZ A A

Fig. 5 The work related to intelligent chart mining
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HEA 00 R0 Y FH P AR TS T R B A AT [
Air R ] BE 22 b Of B UG 1 S0 T 40, sl o LR A
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A BRI AE F 3h A AP 5 2 B . ReVision (Savva
85 ,2011) ADFEIFHEIR &1 A9 47 F&1 v B2 SRR H |, O 4
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1 million pounds 0.57 million pounds

2.63 million pounds 1.2 million pounds

K6 Bl Bl T pk GE i A i o (67 RS 20 S A I H T2 on] IRAE A Rodl

Fig. 6 The data extraction takes as input a visualization (usually stored in bitmap format )

and outputs the dataset used to generate the visualization

tive)4¢,

DF TR V2 nl s i T2 T 5
HEF T TEUR SR DI RE M Ea A ShECE A
BT AT R AR B ISR ) S5 45 8 30, L An Sy DA
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FRAEUIZR SVM, ] THE4E FH 20 2 SCAR TR, T A
SCARTC R WVE A SCAR N 2852 5L T RIR Y
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125 (AN 34 38 73 £ 60 I AU 285 22 454 ) ok 412 JRUL o
%o RJa P T BT g 45 e HR U AL 8 6 R 1Y s
PECANAL & A LRI AR LIS 28045 . ChartSense
SV R R AL PSS EL (Jung 55,2017) o X T
S5HKER, Bt T B ARG B . P
A LA S S B 1Y) T AR R SCARE B BRI
PRBUE L . MI3B ARG (UNEL 7 Fros ) B H5 i 4 B s
RO RARTAT 55, 8 2ok 3 B2 2 A P Ak R U s
Prid: il AL AR 2 SR 5 P PR R A T A S
I B T FERAAR SRS 1 4 - i 28 5T
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i o 38 ) F ] DL BUH P IR A IR g b
TR IE A 3 X, BN Sk S8 4 E
Pk b DA R AR A v ) g5 R AR R R B S RO A
O RGAREFH PSR st Eisfr Bk
AP RER LS T MES ARARHZS. 15
AN s B RGE AT RE SRR P B
RS P B TE A B v ) 2 R B 2 A5 R (B4R

PR EE ) o 7F ChartSense (Jung 55,2017 ) H, FH 7
Al L4 B R AR 2 I8 . fE MI3 (Zhang
85,2021) b, FH P AT LU o B2 A BN BR 1 G O
g FESR AL R AR R TTRES
HoE A B S LU B AT S A P T
Ab B BEOR A AR AL A E S5 SR . A, iVOLVER
(Méndez 55 , 2016) %2 5K FH 7 45 7 2 5 Hi 45 (9 H0 5
i,
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Label Distribution:

K7 MI3 F#4t(Zhang 5,2021h)
Fig. 7 MI3 system (Zhang et al. , 2021b)
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FURT, 2R A 215 1) b, AR EE 27 ) AR
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i i PSS B SR BRI 55 TR ki
B S Bl LA B A B . BEAE B2 BE Al4Sci-
ence Y& & , AT LLTUIL IS T7 1k O 1S RS SR T2 o
TESOR B4R L, o TAE B T 4532 i A R
LML 1 Z R . RN B R B 4
W 26 240k B, 7 THDA PR S A 5 g R e 4 R
B I, L A T A 0 % SR A RO R R
R, (R H 2GR, A5 AL AR AR X R 2 2
i de e 7R 23 (], SR 1 22 J2 BN D LR a2 e 22
s R AT LA B AT AU 5 R, DA B e 3 R 55
APERE . 132 6] A et 4 1 — 2B F ST ANl S v
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[ 2 70 f) 8 E T AL B e A5 A T, B AR 19
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REAH B T H-5 88 A 342 8 T A (Chen % ,2022a) .
BB B T ] AT H] P R A o P e it —
FR o R T S g | = P B T AL . T RE F 3D
AT B AT DO Rags 24T A sh ik e e S AR L, D0
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DU 5 i, BRA AT  RE . RORB K SR T Y
SCRFTAALERIE 5 BRAL R PL AR 7~ Tk

TE AT B b TR 2 S B I AE R Ly T T
HEM O, (HIE, BTk 2B oE T2 R
AN EICHE AT P A B ANEC R 424, e R A X
PR A G52 Z iR n A B b TR 23 B HoA A R
S5 R ] BT AD R — 28 T AEZ4K
SHLAREE G S NAE W 1 AR S H T
BRI BRI G [ G AR A2 A%, BRI AT R AL
SEH RS ARA PR . R, BR T 32 B U )
P53 At ZR GE TR AT SO G 5 TR 2 T R E o A
At — N FE B9 U7 1) (L0 45, 2022) o 3l S it
IR R GE RS AR R RE 8 o T P AR A
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T JZ T, LR SR ), 1 BT, 3
P53 BT 5 RS © 2 TG T X TR R AZ R 1 A
¢ (Futrelle 45, 1992) . KA I AFH A AHLALREHAR Y
PR R, DN PG I AT 18] e 472 1 7 5 2 T g B
MR BN AR AR 2 A7 BOR B 2 1 RE IR R AZ
PREAR KA e N B A, BRI AL
RELA Z ML AE A, BRI S A AU Bk 5t
S ERI ESON A, ZHCE RERIRIZ IR
JELAAL Sk B B o X R LAAR 8 Al A 2
A AT A A 2 B BE P R AZ IR BOR H T A
KA E R ERER 7. Blan, 456 B T rR
Tt 3 B BOAR XS LU BOE A7 6 1 n] WAL 2R 1742
o FEE R RE I R AZ 0 BOR B W G, o] i i
FIZRAZ 98 ARG B AR SO 2R 10 25 28 BE T AL B AR
o Har E2 . Rl i, R 248 5 A i B 3
AR, P ARG . RIRAZ R BOR AT LB T AL
AR RE QN HE 5 A 1, i) 42 4 T R Ak i D et
B T8 A Sh AR rT AR A 1
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