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Abstract: Urban sensing, as the first layer of urban computing, is the foundation of intelligent cities, gene-
rating crucial data representing city dynamics for digital applications. Aiming to solve the challenges that ur-
ban sensing is facing, this paper proposes an urban sensing system that is comprised of a theoretical {rame-
work, a technical platform and an operational model. The theoretical framework consists of six categories
of content to be sensed, four sensing paradigms, and four technical challenges. The technical platform pro-
vides digital tools for managing sensors and collecting data, and supplies upper—layer applications with inter-
faces for using urban sensing services. Urban sensing systems can reduce redundant sensor deployment and
further operational workloads. It improves the capability of urban sensing service providers in solving prob-
lems and the synergy among each other. It also generates continuous economic benefits, such as income
and employment, ensuring urban sensing functions stable and sustainable.
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tional model

RSN Y A SEARZ LR, Jiik: S &HT{’ﬁfﬁﬁﬂﬁ@%ﬂﬁﬁbE?E’ﬁuﬁ
JC 3 A L N W T %ﬁé’]ik%%}%‘ Bl T8 42 3 7 04 5 A7 ML R K R ok 3 e A

EL2WB - EHEAKRERSE(62076191) ;b di B H TR (Z2211100004121008) .
FE— R BT M, nT AR A RS A R T B O B B A, e AR R B R RO B e R, E AR R E RS, msyu-

zheng@outlook.com



949 F5 104 TR R R 1771

AR A A7 Bt 2 W B | 20 B D R A Bl P 5
9 MR o AR T R R A S TR s Y T
B R BT T A B Y R R ) O
TR R T A I R R N AR BBORC A 1 O =
WA A ER A R R AR

SR, AR 2 3l i T i A RO T BB 2 M
F G L A U AN R R A A R A
B A /INRIEE /D 5 ] R, R B R B 308 T 2 R0 1
B 52 BT ST B (i o A X L G SR 58 2 E
() 22 1 R, 2 1 2 4F 19 S5 R 50 M 22 1 Ik
A A 55K, A SCER HR il iy O AR R B A —
B T R B AE 2| — T S BRI
— BRI s R BEE BRI L
2 5, 92 L A SRR VR HE A A B SR A
e AR 4 Rl 55 B AR, B 3 805 v s 1 9%
Hb VB 22 T R

1 i B EE R p 55 B AR

1.1 WHBMERNENM

I T BN AR R A IR TR A Y R
A R AR 25 B B D

1) JE A IR 25 0 R R R ) i
F Y I N DAY (S - R S oIRiR
A, 38 8 Ao PG R A 4 ) W o (5 45 A 43 DL
A ) CWRLBE (AR RR SRR B A ) R e (A Ak
W) TR BE AR ) i vE O 22 FE ) 55 5T 2K Ik
o1 NG g T2 B /N oo o <3 | 2R
57T 2R o

2) A AR R RN A R S A
JEHT 2 AR PR RS A2 B 18 8 19 IR T 4 ) R 6 Je%
HIBEAR RIS A Rk P AR R RS 5 )7
RGN EEHM RSB HE A

3) L2 JERHTRE T Y H O 2 BRI R AR e UsCRn I
SR |, ) b Ry 25 28 N P R AR R 55 RN i
AT, 20 B T 38 A 1) 3k T ek
AR 2 W 3K e 55 1 5 =X, R ORI s ik 4,
ANEIE R B R EAE LR,
1.2 HHEMERNER

1) 4 S5 J R < 3 T JR 0 1) 4 [ b 3 5 4
R[] 55 J32 O B 4 JERRI PN 25 A 28 4, 7 2 T B I
Vi) 35 11 o 24 S 0 18 A W S B O R v A I e i S6
XS LA B R EE ZINAT T 6
FH S NEE AR T A R

2) R UE P T AR R BE SRS Al M A R
B AN AT 32 R 8 B2 R R L OGB4 1

ol IR Bl B AN RO T A 5 SRR R PR AR
JEE TSR R A3 UK B Tk A IO P B9 5K

3) 5 BRAT JRy il R R A R R AT g A
A8 % PR B FIBUR T RE B ) SR ROCR, | i S H A
ARV B o B X AN T] A B PN 2 A Ak
G A RN J7 20, I A 2 (8] b 45 B 2
pSUE SN

4) B E AR - 3l o e R0z gk Bl DR 3T O
PR Z B2 W B R G e e B EA
Ao T R Y R S B A R s e
B Frgiiafr KA .

2 I TR N TET I A Bk B

DA N A G IR EE AR Jen, BRE
WO A E T — LA RAE T #H
B EE 55 2B & X R A BOUR & TE 1Y % 4
L AR S 4 B i 2 R IS A SRR, — S R A Ml B
WAATE A . BIanFr 2 ORI B TH e s B A2
3T AR M A B R L K L RV
B EIR A BT S XA HE BA R R T B
LA 3 3 0l R R Y i A N B, R B o A
HEAF B I NABRE S 4R

2) BT B — 5 BARBGERRE . KE 4
38T A S PR S AR AR B AR, AN B i
Y A S ELN 5 RS JC R R 98 kR .
WA, A SRS T AR G A AR AR 2 iR &
Xof e DX G R R L T 4 S A AE ™ T I IR 55 B
SE, WP L MR BT AL ME R G, I R 2 A
RICKE TF 06 T2 A% 36, S48 X SR S 75 221 B HoAlh
TN T BLAE R AR 7 o

VARG BB IR E AR, LA
T S AR R A b 55 R G B BN R A
S0 S AL I AR R B = G BRI
BT R A A RN RS IR AR B S
A 1 SR 5 A T RS B — AN KT A B
T IUAS P BB A B0 A B AR Sk L AEAT St Ty 2 g T ¢
VRN ANAF AN T B . BB A, BT B4
STEUE S ARG B X SIS TH E K
Y BOHE B ARA B T AE N UIR B TR R L
e R T TAERCE

LB EEEA L BRSO AR S T
AR 22 5 R S i 4 R R AR B R oy
JEH R oMK FE — R I B T F R Bl ] RE
Sz R A S5 22 B BE H i B S g 2
AR ME S A R 2z B W JFES . I, 7R B



1772 BOBR 2 4 (fF B A D

2024 10 H

R GEW) Bh s AT B BOSRE RS, {5 BE 3 I ] B 4 7%
U W AR R RN BRI TR .

3 I RN B R A AR

PO IRA EARE d — EEIEHEA  —EROR
o Al — 12 A, SE B A OB R HE R
B AT R AR A R4 RO 55 H AR . BB HE 28
jﬂﬁ?k?nnﬂﬁ*ﬁLh1ﬁI¥ 0B Y % NPt

Y HE 4L E 5 4 2 A 38 8 B O A 1
WP L BT 3T R A R T ] A% R RN R FFLLiz 1T KA AL
5 H s
A AR U . A R R AR R
SERLRAR TR . SRR E R PR (L% BARE R th
HEHEY AR EEBR
AR FG A W R & RUFETH
UEE . BORRA. SURRAISE %k ‘ RYGHEHUEE
f 1
AR 7 3 [—’\ /‘\‘:] %gg%{%ﬁ
A e g [ s VRS 5 R e M m||wm||E|]® sy
BUA A e 32 SR | m || B || R’ i A
G ] 4 H t
I T E %] 2 BRI
6FIHI B allal|]| R || & RGHAIL
AR ZET. . AR, BRI g8 G s e
I
e et [kt (e R Poa - (L] A de d8 4@ | |\ 48 48 48

P L 3l SRR AR 2R 1 A
Fig. 1 Architecture of Urban Sensing Systems
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Fig. 2 Theoretical Framework of Urban Sensing
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Tab. 1 The First Category of Content to Be Sensed in a City: Flow of Crowds
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Tab. 2 The Second Category of Content to Be Sensed in a City: Traffic Flow
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Tab. 3 The Third Category of Content to Be Sensed in a City: Natural Environment
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Tab. 4 The Fourth Category of Content to Be Sensed in a City: Public Safety
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Tab. 5 The Fifth Category of Content to Be Sensed in a City: Energy Consumption
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Tab. 6 The Sixth Category of Content to Be Sensed in a City: Economy
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Fig. 3 Four Paradigms of Urban Sensing
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Fig. 4 Technical Challenges of Resource Deployment in Urban Sensing
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Fig. 5 An Example of the Biased Sampling Problem in Urban Sensing: Inferring the Entire Traffic Flow on Road

Networks Based on GPS Trajectories Generated by Taxi Cabs
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Fig. 6 Illustrations of the Data Sparsity Problem in Urban Sensing
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Fig. 7 Examples of Solving the Data Sparsity Problem in Urban Sensing
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