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Attributes of a digital twin

‘ ‘ Reprasents a unique
A digital twin is a physical asset

virtual representation of 2P
a physical asset ” C Q

Associated with a single,
spedfic instance ofa
physical asset

Continuously collects
data (through sensors)

Continuously connected to the
physical asset, updating itself with
any change to the assat’s state,
condition, or context

Provides value through visualization,
analysis, prediction, or optimization
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Digital Twins
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The Challenges

PR AR - BBEA R - RRAERE - HZE RS

JEEIER

ST ~ K e Y am  ERIHR
F IR E R EEEE OBEE PN

21 L RAIHUIEERERIFTRERIERE | lEESEHH U HRIEE. b
B, SHEmAAR. REEE, FEER. REHMERLGEES]. HRINBIAIAR
iﬁ*ﬂ?&?‘i‘ib RIBRMI , B, EER—IFEBRRIREE , SR EEER
B th BastBn,

B—OHE , SRR, ZIBHSHEEFRIENADEFEEESNT , MAEREESH
SERMAIAEAIARRE ERES. SR RIFE R ER S B EERHE=ERIA
M IEERIRSMMINETEE. NARSHE , UFHNSES. ANEL/EER
&, FBENEREEN  MMABNEFERIIREES. ENERIARIKE.

HFSEERIF BRI AREBS | BERHERBEEIRTRR,
EKRHEN RS

AAOHIE TR "HARREEHT AR, WEGEIIEZR OSSR - ERBIE.
FIEBUT. ARZENERES.

£ e B EEIEESEE S T R ER B Z M IR RE S
EEERIHEEERK,

RERFRET "ESMBETE" | STEARFRMNRIENRHEIRS , &
RBARIEE,

OGS 2015 FRfEN T “FrINEeEER" 518 , WEM B CR—EEREER.



AR TR

LL Covid—19 2B E e HH ZE 1]

2 doglﬂ
QO o-‘-:oO%
s222 a22aa 9

BRI ZSEZT J6 Sk ZSRES PG
RITHR e 42 [eAE EaiEvari JE AL

BRHHEETLURERER. BEYREBENERSR.

REE .
AJLARRSEEL, E. BERll. RERHIE. 5 GIS. BIREEE. BRI

CAD EEE—EFaL , EFRRA—EINEEM NER: - 1. B/ igBs

FFEREIE TR, ERERRERERE

ERstT TR = REREEERREE.
ELSEARACCT VEATEITERRAR. iR
BRI EE , SIERECEREDIE.
BAEEREERE. FHANESEIRTFRREIE.
BOSWERER. HEEmihikik

T
STPLETLIREEE. E, A SCESTE. TS, MRS TROSEER
BE. B, S, SRR AREEMEREORE. Fi

BROITERSE. SHHIEREEREETRISERENEWMMITARE. b
FHERF A LS s 2 B RS SR BRI IR RIB(E5R.

BEEEEERS  QRERNEN HIRBEERM. BIETIEdSETEmmh
SPIEBMAEATEERIAE ., REREMTiE R R E EEEETIE R,
B EENEEENHRES{ESE



Ll

(TR SRR
IR AR ) - SRR T
AR
e % 4

[+
a e
3]

~

10T ICT - GIS
BUNEE gy EREER L e
P s Soceh p AL e

BEHMHSRISERINRIS |, 81
sSR0SI (ICT)
{EFYEAE (IoT) AsSERAIMIIER A
ISR R4 (GIS)
EERMBVRIRENE | EESEE IR EE

;@}IEIF%%EZJ’%@IVE  WEBEEIRIEN &SN , ELEUER BB AIETHY
ABIFIZRSE.

N , ICT HESE S TatiaEsTlEREAER , BN RS AR ER R W B Eas |
JLMERERSATTIEES EmEUR. fla0 , AL RE R Aa ERIMATATE.,
PR, BRER loT EREFIUERZK. STiEEZRERR. ELEURET
EE’SE&%&T%@*D%J@ﬁﬁﬁﬂiﬁE%Faﬁziﬁﬁ%{%ﬁ’ﬂﬁ"%* , BEEAHAREFENLE
SIS GIS ETEREE , LURSERTRE. Bl , WiitEsmEs
WEEIOKEREERREREFES B EYEEAENMEE.

BEWHERILSATERE (Al HIRRERMAERTELRS. GIERATERESIE
HRRIEEIEEHEERZ. Eal. BERHHERBREEESNREEEEER.

- ==



-~ -~ -~ o~ ~ -~

-~

ﬂmﬁu .............~ ................... —A. ................... - A.-'
[f;’;'\ _,,:r] r—:’;\ _,_,‘:v]_(-:; - IR i _‘»t;i:_ SEOES. R R S oH
STHY S HS S S HS S T AR
> 3 ~L- ~ - ~1~ ~1~ ~J ~ ~1~ ~L~ ~J1 - :
: AR ARBREE g | Speca
o wosmomn | oE30e  mamer  EEAR o WP = B S , B RA
. ¥ = + R EE
[ mmwn o BEIE |, BT EESHRE AT RKAVEE
| mEmme ] g P R AN,
- o & | HE*Ejj ' ﬂﬁ%j]&mT‘iEA:F
. T Pl L eSS ——
H e — — ! ©
- AWBBLT S e 2 &
r API1, Message Channel —’ : o B‘
N = ©
% ST T o ek 2| &
s 4 (App - Application - Al Model DevOps ; -
o | HE AORS iR
\ L i S K S & oSk S S Ty i ‘g'
: : S~ Mo P of e da S~ ~ ~ | ~ ' ©
| —_— U Nl YT HE
| mmmomea [N | S | N N N N S
L —l e ~- s e o et (75} ] Py
lig .. : mm WG ARAE  RAWE  BigDa LU - *Egé ek
Uﬁ WAMERTE || GRwe  mmmd  WMOuowsy  OpenDua AselMamgenent ABE 00 GRSERe | (g 3-D il
J T _|n. Integrated City Data Asset Platform S RE RS T & 7
i e 2D\3D BIM+GIS based City Geographic Information Platform JigiE I r ERIET &
Infrastructure Information Feedback M #E IR B MG S Infrastructure Information Perception 35 8 R A0 I B8 e 8

i AEEE RS A T B fE

-— - ' - - —— ' —(ESRemm L , SEIHEEE. &
YA ShNEEGREL JiT
N S aie BRENGR (M. AR (o RE) (B BRER.) {EERkES )x%éﬂf—@.o BREEAHE
it IEEEQ%WWE%WEEE’\J%J‘EE =,
' ' T S - ——— . — A/ —
“n ‘ xm ] ‘ mg'[ men RS [@m& ‘ ‘ g ‘ = ’ N | :g’ ’;g ]‘ BEERATZETE , HlaiREE

Bt ISR FrEER R R,




saEs(petmhy))
NGES), SEEE i

R R mEwERE 0~ 1]
e S @_}

KIS e, I

B 7 %
AT g L \

v =t
FEYE]

%%I*EEE " . -
EBITTHER T ‘
BHELE &5




BMWEE B EINVIDIAIE E Bt TR EHRAZIFTELR AE
BAIEIRE ERBIENESUERTA




: = 3 . . .'»-

I ; } 785 o

3 — —— .E.I 3 B . ”

TR oo —— . e g f
e —— i

e







...
ERNBELZNEE T HER

FEHRANRRE

FERARABAAURNERELRES - X BREEREAERTREIINE
SRiERN T RE DT GPS BENTRIBPIIE -

RRNATIRE
e « SR FEARMBERATORESEAR  RFERR -







ntroducing Skydio 3D Scan™ o »

Inspection is dangerous...




What the Journey looks like

* Level 1: Where am 1? Localization
* Level 2: Where are the objects around me? Mapping
* Level 3: What are the objects around me? Semantics
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Spatial-Al & Real-Time Metric-Semantic SLAM, what 1s it?

o

iAsE. BFEENGE
* Real-Time: we do not want to wait for hours, not even minutes. ]
SEYE

[ Semantic & Level 3: understanding the entities in the scene at a human}

i

level (objects such as tables, chairs, coffee mug...)

'E'E':E = EU‘E*E == b%
na R EElh:ﬁfl

Metric < Level 2: understanding the scene at the geometric level
(landmarks, lines, planes, normals, surfaces ...)

e VAT
. SLAM &  Level 1: Simultaneous Localization and Mapping ]







Large-scale autonomous flight with real-time
semantic SLAM under dense forest canopy

1y Xu Liw* |, Guilherme V Nardari* 2, Fernando Cladera Ojedq' Yuezhan Tao!,Alex Zhou',Thomas Donnelly',
Chao Qu', Steven W Chen', Rosell A F Romero2 Camillo | Taylor!,Vijay Kumar!

*These authors contributed ; Penn ‘ G RA S P ” CR D B (&

equall} 8 this k. @ Lngincering | Laboratory USSP
General Robotigs, Automation, Sensing & Perception Lab
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clock 25.3°C

cup 55°C
plant 18°C
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NVIDIA OMNIVERSE

Creating a New Era of Collaboration and Simulation
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3D DESIGN IS AN EXTREMELY COMPLEX TEAM SPORT
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