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[Abstract]

Large-scale data visualization is playing a key role in various fields such as system monitoring,
cybersecurity threat detection, and data center resource management due to technological advancements
such as cloud computing and the increase of data centers. However, there is a performance limitation
in real-time 3D visualization of a large amount of information. In this paper, we propose a 3D
visualization approach based on InstanceMesh technology to solve this problem. The proposed
technology efficiently renders multiple data with a single draw call, effectively utilizing CPU and GPU
resources. Experimental results show that InstanceMesh can effectively process large-scale data compared
to existing technologies, achieving a frame rate of 110 fps and a low memory usage of 1 MB.
Through this, it is expected that future studies will strengthen the data interaction function and utilize it

in various fields such as real-time analysis and predictive simulation.

» Key words: 3D Visualization, Instance Mesh, WebGL, Data visualization, Monitoring,
Performance Optimization
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I. Introduction
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II. Preliminaries

1. Related works

1.1 Visualization Technology

1.1.1 javascript D3 js

Data-Drive-Documents®] 2FAtZ APHIATHE 2}o]
B2}2j9l D3jst Yuekorgols SHo|n oleflel

g RAElE 2Rsb] gt 2ol

D3 works with networked data (graphs), including simulated forces for resolving

competing constraints and an iterative Sankey layout.

H | edge bi g hord diagram Chord diagram D
Bars
D3 scales and axes support basic charts. Or invent a new form that better serves
your needs.
o |
_——
—
=
.. F 2 -
Bar chart Horizontal bar chart Diverging bar chart Stacked bar chart
L ]
I 1| Il il ol s
stacked bar Marimekko chart World history timeling
Fig. 1. D3.js web page Example



3D Visualization Technology for Mass-data using Instance Mesh 101
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AZsl 0k Fig. 1.2 D30I Algeta gle Alzigt o
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1.1.2 Python Matplotlib
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Algsto] 73 4 9t} Fig. 2.= Matplotlib 341 o]
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: .1 il -
Broken Barh Plotting categorical Plotting the CSD Demo
variables coherence of two
signals

Fig. 2. Examples provided by Python Matplotlib

1.1.3 VisFlowConnect

Netflow Ho|E|E ARSI HQF AJRRIAIE FAloR
7iere VisFlowConnect= )% domainyt W& A|AE
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Fig. 3. VisFlowConnect

1.1.4 FloVis

FloVis[9k= UEYS EfY 555 OJTh WrieR
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3o} tjolg 559] %2 HojZ NetBytes Viewers

AlssiH, W g AlA8ls 9] s&55
87D YEYT HHS THeol 2 2 S she Ao
olc}. skA]gt o] Egt VisFlowConnect®t ORRZHA|2 o
20) Mog @zo] AR wet oxHRE Al
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Destination IP

|n.|mwwaz‘»—\

192.0.0.0/8

Source IP

Fig. 4. FloVis

1.1.5 Visualization with sampling and
simplification

71E9] it HlojE] A} Ale2 2 22 Hlo]
Bl 2 Aa MY )5k 2w 28 2 KEc
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VAS (Visualization Aware Sampling)[10] o} 22 7]
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Fig. 5. Visualization example through motif
simplification
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2. Limitation and Improvement

2.1 Limitation

AEAR A2 7le2 BAsh At Table. 13} o]
71E 7129 7P 2 = dlolE A2l Al £
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O
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Table 1. Limitation on Visualization Technique
Technique Dimension readability
D3.js 2D High
Matplotlib 2D, 3D Medium
VisFlowConnect 2D Low
FloVis 2D Low

2.2 Direction for improvement
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III. The Proposed Scheme

1. InstanceMesh

OWDP gc °<§°] e ool A
732 InstanceMesh& ARRSHH L
OH ayﬂo]/\qq 7(1&]—7(40] aﬂ:—]eﬂ Al &
ot} Table 2= Three.js 24! oA W ARRE &
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o, o]gAez Te1 A Ao BAFE s pRIE
7]8to. 2 oArsl Atolc} o]8]dt Aut= InstanceMesh
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Foll A& 7T A= AlArRTh

i

_errru

Table 2. InstanceMesh Rendering Test

Method Draw Call GPU Memory

Naive 10,000 173.75KB 84fps(Fig. 6)

Merge 1 226.25MB 160fps(Fig. 7)
InstanceMesh 1 173.75KB 160fps(Fig. 8)

Fig. 6. NavieMesh rendering scene example provided on
the threejs official website
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Fig. 7. MergeGeometries rendering scene example
provided on the threejs official website

Fig. 8.

InstacneMesh rendering scene example provided
on the threejs official website

2. InstanceMesh based 3D visualization techniques
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opsteltt. b, 2 gHoA »aE HolEs

1440719} Hjo]8 ZRIE= =0, o] 5 512749

g8 MBS Z2A gget At § 737.280719] 1A

AA7F AR o] g2 thEatk Zo] ARty

1,440x512=737,280

ojgfgt 2E Tt 8| UEAINN S

HolHE Al4ehe o 2389 dids =ol7] st

7P3oltt. g S0, HlolH AHY T2 YEHI

Ametol A ool FH7E SAEH O R HojElS

2 Reh= LS APASH 7ot

2 ElolE S A2jshs o glo] s B2t Ale=

odop} ke gojg s ggAloz 2Myst & %

A| RISk O] AFEEQICE

0|5 Eoff 8HQst e Zoa, =

o]:/\]'}\]7:] }\1}\]7]- }\]71—2} }ES] =

o
=
soln B8R0 A2 & ol

3. Test and Evaluation

3.1 Test method
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3.2 Test Environment
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Table 3. Test equipment performance table

Chip Spec

Cpu Apple M1
Memory 8Gb

Browser Chrome(ver.120)
threejs ver.109

3.3 Test Procedure
3.3.1 Preparation
Aoz 2 AlZet 7180 QEAIES] Tl T2]a
A A0l wef ofEA dsol ZEAEAl BoTst
7] #l3l Hlol8 MES 247 theA| Aelsk A-&shit.
AlZete Holg NEx 57 ZuloA LAt oHlE
ClolEE 24A1%F 71% 132 Clo[HE 2tHo] ARt
7Pg stol 1,4409] Hlo[8E shto] Hloly AE=z 79
gt
* HTML <div> Ej 2 7|8t A HTML 7]¢t 3D 712§
ZolAE Tt 2D R4F olgs) Hole AES
TRSIACE. o] WAL EAKES ALRS] 3D &S
Algdloldgttt. Aol AL 2880709 A2 7
Ats FoFsigol= 5ol 2.4fps7H] oAl
1, o oo AHF 2 Al Aol o] AFE 4 ¢/l
s SI= 737,280712] HIo|EE Al

(o]
Aefstels Bt 27bs st

N

Frame Rate

GPU raster

GPU memory

&

536.2 MB used

Fig. 9. Performance of HTML-Based 3D Rendering
in Chrome Developer Tools
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2 gojth. ol s M= <lsll 737,280719]
dole] AZiahe AEsAt 27P53S S BolEd,

CSS3DRenderer®] transform &4 AR2sf zt
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& YR 72E Fu HiR|E ey, ol &l
dole] 710 RS ApAos Uehfuat shc,
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St AP EA8SIT. §36] 512709] ZARete =
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SpAlo] Chte. dlojel AlZsto] Fojsoz AMast
A QITH= AS AAKICE ole} e FA= 9la] o
=45 HolE] AIE, ol =01 737,28079] Zdt=
Chte RIS 27l CSS H2 WAlo] 27bs

sth. A|7ieh Aake Fig. 99t 2

Frame Rate

10.8 fps

[T

on

GPU raster

GPU memory

&

536.4 MB used

Fig. 10. Performance of CSS—Based 3D Rendering
in Chrome Developer Tools

* Three.js Geometry Merge: Geometry Merge ®f
Ao ofd] i) A2 K| QU E2|(%7]A+= Box
Geometry(1, 1, 150))S sFt9] Geometry=
sto] cjaslint. Zi7te) A QuEals BAte)R
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XSt & THREE.GeometryUtils.merge()
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Fig. 11. InstanceMesh—Based 3D Rendered Screens
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4. Test Comparison
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Table 4. Test results performance indicators
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HTML 24 High 2,880
DIV-based 3D ’ (<500MB) (2sets)
CSS High
Image-based 3D 108 (<500MB) 512
Geometry 60 High 737,280
Merge (<500MB) (512sets)
Low 737,280
InstanceMesh 110 (1MB) (512sets)
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IV. Conclusions
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