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Gaussian Noise

IR TR R
\Hr "‘H“

Latent
G 9 > Encoder Vector

T Clean Data
emperature

Sensor 1

Sensor 2

r—

~~ Sensor 1308

Noisy Data Generation Step 1. Train Denoising Autoencoder(DAE) Step 2. Optimal Sensor Placement(OSP)

3 } bk b b Robust Feature Extraction

Decoder

Time Step 3. Reconstruction and Evaluation —I

Top—k sensors selection(e.g., 2)

Masked Sensor
(only selected
sensor active)

Reconstruction
(using DAE)
e

ZX: Yeo et al.(2025)
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«Agarwal, N. et al.(2025), “Cosmos World Foundation Model Platform for Physical
Al.” arXiv preprint

« Al4Europe(2025), “A Simple Guide to Physical Al”

«Amazon(2025), “Transforming the physical world with Al: the next frontier in
intelligent automation”

«Fraunhofer IESE(2025), “Engineering Physical Al: How Digital Twinning and
Simulation are Redefining Embedded Intelligence”

«IBM(2025), “The Age of Physical Al: Systems Trained on Real-World Constraints”

« NVIDIA(2024), “What Is Physical AI?” NVIDIA Glossary

«TechTarget(2024), “Physical Al Explained: Everything You Need to Know”

*Yeo, Chaeyun and Lee, Ji-won and Kim, Jin-Gyun and Kim, Younghoon(2025),
“Optimal Sensor Placement for Heat Transfer Digital Twin with Denoising
Autoencoder and Discrete Optimization” Available at SSRN: https://ssrn.com/
abstract=5279709
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(Rodolfo Llinds)= “cl= 2ZI017] f{af EXHSHCP T Hstct FLt 2[HY 20k0llM= AMRO| W27 SHit S0|CH< 2! 1>
(Llinds, 2002). 2= M7} £|0] 5t320f MztstH |7} E|Skst e g2 X[ Hsler 9| HE0| 31, CHefst ZHH|7t
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22AUS 2loll O[2HE ollFst Eetote SHE #FM TIst 2020; Liu et al, 2024).
5ff 2410, 0248 50| WHA| X|s2| Helo2tn T £ 4 QUCh ANEZARZ|2H0f| 2 AGVe| 22 A|F FEE 20244
O AlZtoflAM EH AI2| RISt ZH2 #HI& 2(of QUCE Al A 259 670 220l 2020 379 8FTE HElE JEE A
Ches| HIO[EE X2lot= THA0A SdoiLf, D2 &EHE oS 0|0, oL MEE(CAGR)2 8.1%0f| 0|2CHMarkets and
5t 10f| Bh= £|&e| lES MEtfot= LIXIZ Al(Physical Al) Markets| 2024). J2{Lt 2|2 H|X-E2 SIS T2 HE =M
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32 ollAS] =S EXGH= 0| =7 |HE OJAFEE A|AEIOZ 0l 20301 4591 6T S 2 MES Mo 2 ofm ME
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o= 0=||’<5|I:f(Markets and Markets?, 2024).
K| 2= OFA|OHETRK(Asia-Pacific) X|230] 71E FE2Z

HEME E&'Ek AMRAIEE 20243 HH| XI20|522 A

(o)al

9| 433%E AFX[GHM, 2030 K| HIH T 312%2| =2 A%t

XE0lszRe I & 212 L= %= ULt AGV(Automated E2 5 7o 2 oA=L} 0|= t2-E2UES FAloZ 5t

Guided Vehicle)= X|HE Z42E 2} 0|Fot= AtSREALO| Mz XtSste| NSt MAA Y AR Z46t &0l B

11, AMR(Autonomous Mobile Robot)2 210 |CHLIDAR), 7 HHI2} 22| ANt E3] 3t=29| AMR AR 202414 oF 124 4,340t
J2l1__ ofofE S5MEQ| XI20|S25 AGV/AMR

Amazon Kiva AGV TEL= HAX EZQLAGY EZ %[ 9| Amazon AMR ‘Proteus’

ZX{: Amazon Robotics(https://www.aboutamazon.com/news/tag/robotics)
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212 Digital Twin closed-loop frame

Multi-modal Sensing
e LiDar (geometry/location)
p ¢ |IMU (inertial motion)
¢ Camera (feature tracking)
* Thermocouple
* loT sensors

‘ Physical space |

' Decision & Control Layer

¢ Model predictive Control (MPC)
* RL-based adaptive policy

* UQ-aware safety control

¢ Trajectory/routing optimization

* Physics-based simulation

Perception Layer

¢ Sensor fusion

* Data Harmonization
* Data Assimilation
(KF/EnKF/Bayesian Filter)

Predictive Layer

e Al Surrogate models
e Hybrid Al-Physics Core
* Uncertainty quantification

EX: KX AR

3213 __ NAVER17842| C|X|&

A=IE2R, DX B3 K&, MH|AZR OXE E)IS 018

FAIZ01M et

NAVER 1784 MH|A 22

Z7x{: NAVER Labs(https://www.naverlabs.com)

QiZtnt 2R0| SEsh= SiF0IM ek EXIE Zaig 4 ATt
Ofl7[x] et HoHSOo|Lt 2HE ZH Al Q14 2Fet X|0] 22FY
O LEILIY, 34 FESO|LLTHE S0l = S4 X[zt f
2] 20| TUE P EAHsit. 02fet eHAIE ER5k| 9
siMe B HE5- X 222 0] QR ASS oiSstes
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2 BHE2 A2 el ALt ASXIgE Hits], SO
M2 AN MO Z EMMSI ASo (ol AlZkzet H[g0] 2t
CHstch of2ist SHAIE 22517 I8 sdl7 =2 CIXE Ef
(Digital Twin)0| =4t QT CIX|EH EQIS $Alo| MH|-ZH-
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« Open Robotics(2025), ROS: Robot Operating System,
https://www.ros.org/

« Pixar Animation Studios(2021), Open USD: Open Universal Scene Description,
https://openusd.org/release/index.html

«The Linux Foundation(2019), ONNX: Open Neural Network Exchange,
https://onnx.ai/
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