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Abstract Urban air quality information is especially important for controlling air pollution and protecting public
health. According to whether the sensor position changes, urban air quality sensing methods can be divided into two
methods : static perception methods and dynamic perception methods. The data acquisition of the static sensing method is
based on air quality monitoring stations, satellite remote sensing and fixed position sensors. Then, the static sensing
method is further divided into low-cost static sensing method and high-cost static sensing method. The dynamic sensing
method can be divided into participatory method and non-participating method according to whether the participant is
the perceptual center. With the development of sensing technology and computing ability, the fusion of multi-source hete-
rogeneous urban data.such as meteorological data and traffic data,can further improve the accuracy of perception. This
paper firstly summarized current air quality sensing methods, then classified the sensing framework and data processing
methods of various methods,and finally discussed the problems and challenges.

Keywords Air pollution, Urban sensing,Data collection, Machine learning

1 s PM2. 5 ,PM2. 5
) ’ . [1] ) b
o (WHO) ,
10 9 s , ;
700 N H ,
(61502117), (KZ201810016019) , (2016 YFC0600901) ,
(201801113001), (X18197,X18198,X18203,X18018) ,
(21082718041) .
(1996—>., ,CCF s . 5 (1966 —), s s s
N . , E-mail; guomaozu@ bucea. edu. en( ) (1980—), , s

5 1979—>, s s , N . o



36 2019

i , [3]’
’ LZJ’ .
L1 . 2007 .
. . 1497 ,
I Ty CEY TP 1)
BAA KR FE5X S5 .2) \
HARE, LEHH, POIs, AA, § ’ ’

A A 35
el §+ -2 | |
- d@“ _‘_'_‘g, «C 1 . )

b b
1 o
b 1
R S /km® /(km® /per station)
35 16000 457
. 12 890 74
’ ° s 83 1600 19
. 37 1290 35
’ b
s 13 610 47
N o 9
s s N s . SPA (Single Point Areal Estimation)
[4-5]
o . o
N ’ o
’ N o 9
[6]
b o o 9 N
b b
[6]
;
2
o ,
9 o
9 b 9 9
[2.7]
o 9 o
s ,
o b 9 o
. Hsieh [®
N s s . Zheng ©J 5 (F,.F,,
. F,,F,,F,), F, , F, ,
2.1 F, JF, ,F, POls,
2.1.1 )
s s s (Artificial
. Neural Network, ANN), ,  POIs(point of

s 200000 )N interests) N s



6A s e 37

[15]
(linear-chain conditional random field, CRF) , s .
2.2
. Zheng ! . s o
48h . , .
Yi [ (Deep- ,
Air) , o ’
9] , .
2.4%.12.2%.63.2%.,
PM2. 5 : . - 2
o 2
/°C /%
° GP2Y1010 <100 pm TSP —10~65 0~99 16
2.1.2 >1pm&
. >1pmé&.
PPD42NS ~2. 5,m Dust 0~45 0~95 26
DN7C3CA006 <2.5pm PM2.5 —10~60 10~90 120
’ <fl[1m& PM1,
’ ° PMS3003 <2'5Hm& PM2.5., —5~50 0~99 70
(Aerosol OpticalDepth, <10pm PM10
AOD) , AOD , Wang 09
A()D o Gao [19]
D AOD PM2. 5 . PUWP(Portable
PM2. 5 $2) AOD ' University of Washington Particle) 8
PMZ. 5 o R ’PUWP
AOD » En- , PM2. 5 . PM2.5
gle-Cox '* MODIS AOD ,
PMZ 5 b ’ PUWP ’
PMZ. 5 l s ’
. Wang 1% AOD PM2. 5 .
’ ° Khadem [ )
) AOD
o , . CitySee t21]
AOD PM2. 5 1196 s 100
,VAN [ MODIS PM2. 5 R , . . . .
PM2.5 o s ’
) ) (6]
AOD ,Wang U™ R s
AOD PMI10 PM2.5
,AOD Cheng 1% \
. AirCloud, AQM

, N N , miniAQM, AQM . PM2. 5,PM10, .



38 2019
.GPS s 1 min, . s
. ANN . AQM  miniAQM Hasenfratz [ (MiniDiSCs™")
s s ; 2500 UFP
o s (Land-use Regression Mo-
AirCloud s dels,LUR) , (Ul-
s R trafine Particles, UFP), LUR (
s > ) o
3 o
Dong %%
s s Mosaic, 3 : N
s ) . s (PM2.5, .
16 000 ) (GPS ) GPRS o
o , HTTP ,
s s (ANN)
o (SVMs) , ANN, Multi-SVMs ,
, recall . , Mosaic
B s » PM2.5
; ) Gao 1 POI1
B s [28] (ANN)
3.1 (SVMs) s
. 3 ANN L2l
s . . o s . POI
Tudose %% s
9 9 ( .
) ) o
9 b o 3. 2
Devarakonda — '?" s
s PM2.5 s
Hedgecock 2 , Gsoa1) .
o Web 0 )
) L2



o

6A s 39
[39] 3 He [40]
s o ( 1 , PM2. 5
[33] s ,
o 2 (o) =] () t(x) +A1—t(x)) [@D)
. ,DI . J sA
A
Budde 4 ,
Central Server I N
2 Li b
' PM2.5 5 ,
: 1) L} ) H 2) )
' ’3) [43]
I 1 43
] ] N ;4) ] 1U
. :5) . . PMz.5 ; (LB),
Zhuang Y . N JHSI 3
AirSense, R ’ s .
PM2.5, ,
9 N ( )
, . Budde &% . °
. Budde ©% ,
, ;D
(COTS) R PM2.5 52)
COTS ( )53)
Chen 07 PM2.5 s
30 2500 s s .
PM2.5 o s
’ Sharp- ’ .
D G3 . PM2.5 ’ .
PM2.5 ) s
, Poduri % R



40

2019

(1]

2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

’ o ’
[l °
s
°
’
’ ’
’
o ’
’ ’
o
’
’ o ’
’ ’
o ’
s ’ N N
]
’ o
] N ’ °

BOLDO E,MEDINA S.TERTRE A L,et al. Apheis: Health
impact assessment of long-term exposure to PM2.5 in 23 Euro-
pean cities[ J]. European Journal of Epidemiology,2006,21(6) :
449-458.

ZHENGY,CAPRA L,WOLFSON O,et al. Urban Computing:
Concepts, Methodologies,and Applications[ J]. ACM Trans. In-
telligent Systems and Technology,2014,5(3) :38-55.

ZHENG Y,LIU F,HSIEH H-P. U-Air: When urban air quality
inference meets big data [ C] // Proceedings of the 19th ACM
SIGKDD Int. Conf. on Knowledge Discovery and Data Mining.
New York: ACM,2013:1436-1444.

MAEKIEWICZ M. A review of mathematical models for the at-
mospheric dispersion of heavy gases. Part 1. A classification of
models [ J]. Ecological Chemistry and Engineering S, 2012,
19(3) :297-314.

WANG J F,HU M G.XU C D,et al. Estimation of citywide air
pollution in Beijing [J]. PLOS ONE,2013,8(1) :e53400.
VARDOULAKIS S,FISHER B E. A. , PERICLEOUS K A, et
al. Modelling air quality in street canyons: A review [ J]. Atmos-
pheric Environment,2003,37(2) :155-182.

ZHU J Y,ZHANG C,ZHANG H C,et al. pg-Causality: Identif-
ying spatiotemporal causal pathways for air pollutants with ur-
ban big data[]]. IEEE Transactions on Big Data,2017,6(6) ;1.
HSIEH H-P,LIU S D,ZHENG Y. Inferring air quality for sta-
tionlocation recommendation based on urban big data[ C] // Pro-
ceedings of the21th ACM SIGKDD IntConf on Knowledge Dis-
coveryand Data Mining. New York: ACM,2015.:437-446.
ZHENG Y.YI X W,LI M,et al. Forecasting fine-grained air
quality based on bigdata[ C] // Proceedings of the 21th ACM
SIGKDD International Conference on Knowledge Discovery and
Data Mining. New York: ACM,2015:2267-2276.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

YI X,ZHANG ], WANG Z, et al. Deep distributed fusion net-
work for air quality prediction[ C] // 24th ACM SIGKDD Inter-
national Conference. 2018.
LU J,CAO X. PM2. 5 pollution in major cities in China: Pollu-
tion status,emission sources and control measures[ ] ]. Fresenius
Environ. Bull,2015,24:1338-1349.
ENGEL-C J A,HOLLOMAN C H,COUTANT B W,et al.
Qualitative and quantitative evaluation of MODIS satellite sen—
sor data for regional and urban scale air quality[ J]. Atmospheric
Environment,2004,38(16) :2495-2509.
WANG J,CHRISTOPHER S A. Intercomparison between sa-
tellite-derived aerosol optical thickness and PM2. 5 mass: Impli-
cations for air quality studies [ J]. Geophysical Research Let-
ters,2003,30(21).
LIU Y,FRANKLIN M, KAHN R, et al. Using aerosol optical
thickness to predict ground-level PM2. 5concentrations in the
St. Louis area: A comparison between MISR and MODIS []].
Remote Sensing of Environment,2007,107(1-2) :33-44.
VAN D A, MARTIN RV,PARK R J. Estimating ground-level
PM2. 5 using aerosol optical depth determined from satellite re-
mote sensing [ J]. Journal of Geophysical Research: Atmos-
pheres banner,2006,111(D21) :201-210.

0. ,
2011,31(6):1154-1161.
WANG Z F,CHEN L F,TAN ] H.,et al. Satellite-based estima-
tion of regional particulate matter(PM) in Beijing using vertical-
and-RH correcting method [ ]J]. Remote Sensing of Environ-
ment,2010,114(1) :50-63.
WANG Y,LIJ Y,HE J,et al. Laboratory evaluation and cali-
bration of three low-cost particle sensors for particulate matter
measurement [ ] |. Aerosol Science and Technology, 2015,
49(11):1063-1077.
GAO M,CAO J,SETO E. A distributed network of low-cost
continuous reading sensors to measure spatiotemporal variations
of PM2. 5 in Xi’ an, China [ J]. Environmental Pollution, 2015,
199.56-65.
KHADEM M 1.SGARCIU V. Dust monitoring systems [ C] //
The Sixth International Conference on Systems and Networks
Communications(ICSNC 2011). 2011:68-71.
LIU Y,MAO X,HE Y,et al. CitySee:not only a wireless sensor
network [ J]. IEEE Network,2013,27(5) :42-47.
CHENG Y.LI X,LI Z,et al. AirCloud:a cloud-based air-quality
monitoring system for everyone [ C] // Proceedings ofthe 12th
ACM Conf on Embedded Network Sensor Systems. New York:
ACM.,2014.251-265.
TUDOSE D S,PATRASCU T A, VOINESCU A, et al. Mobile
sensors in air pollution measurement[ C] // Proceedings of the
8th Positioning Navigation and Communication. Dresden: IEEE,
2011.166-170.
DEVARAKONDA S,SEVUSU P,LIU H,et al. Real-time air
quality monitoring through mobile sensing in metropolitan areas
[C] // Proceedings of the 2nd ACM SIGKDD Intworkshop on
urban computing. New York: ACM,2013:15.

( 51 )



6A ,

51

[55]

[59]

L60]

AZADEH A.NEGAHBAN A.MOGHADDAM M. A hybrid
computer simulation-artificial neural network algorithm for op-
timisation of dispatching rule selection in stochastic job shop
scheduling problems [ J]. International Journal of Production
Research,2012,50(2) :551-566.

[DI. ,2017.

[D]. ,2016.
COSMOPlat- [EB/OLJ. (2017-
4-28) [ 2018-4-23 ]. https://cosmoplat. com/solution/micro/
solutionld=132.

ESMALIFALAK M. A data mining approach for fault diagno-
sis: An application of anomaly detection algorithm[J]. Measure-
ment,2014,55(3) :343-352.

RASHID M M, AMAR M,GONDAL I,et al. A data mining ap-
proach for machine fault diagnosis based on associated frequency

patterns[ J ]. Applied Intelligence,2016,45(3) ;1-14.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

KIM J,LEE D,KO D,et al. An autonomic computing based on
big data platform for high-reliable smart factory[]]. Informa-

tion,2017,20(6) : 3947-3956.

’ ’ ’

L. ,2015,39(11) ;3080-3087.
[D].
,2015.
. 0.
,2015(23) :48-51.
(7. .2016,14(3) :55-59.
[D].
.2015.
[D].

,2017.
SAP. What’s new in SAP S/4 HANA [EB/OL]. (2017-9-15)
[2018-4-237. https://help. sap. com/doc/b870b6ebcd2edb5890f
1614b06827064/1709 %20000/en-US/WN OP1709 EN. pdf.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

40 )
HEDGECOCK W.VOLGYESI P.LEDECZI A.et al. Dissemi-
nation and presentation of high resolution air pollution data from
mobile sensor nodes[ C] // Proceedingsof the 48th Annual South-
east Regional Conf. New York: ACM,2010:6.
HASENFRATZ D,SAUKH O,WALSER C,et al. Pushing the
spatio-temporal resolution limit of urban air pollution maps[ C] //
Proceedings of IEEE PerCom’14. Budapest:IEEE,2014.69-77.
FIERZ M, HOULE C, STEIGMEIER P, et al. Design, calibra-
tion,and field performance of a miniature diffusion size classifier
[J7. Aerosol Science and Technology,2011,45(1) ;1-10.
DONG W.GUAN G Y,CHEN Y, et al. Mosaic: towards city
scale sensing with mobile sensor networks[ C] // Proceedings of
IEEE ICPADS’21,Melbourne:IEEE,2015:29-36.
GAO Y.DONG W, GUO K, et al. Mosaic: a low-cost mobile
sensing system for urban air quality monitoring [ C] // Procee-
dings of IEEE INFOCOM’35. San Francisco:IEEE,2016:1-9.
MUSTHAG M,GANESAN D. Labor dynamics in a mobile mi-
cro-task market[ C]// Proceedings of the SIGCHI Conf on Hu-
man Factors in Computing Systems. New York: ACM, 2013
641-650.
CHEN X,WU X, LI X Y,et al. Privacy-preserving high-quality
map generation with participatory sensing[ C] // Proceedings of
IEEE INFOCOM’ 14, Toronto:IEEE,2014.2310-2318.

Ll 22017.54(3) :457-473.
BURKE J,ESTRIN D,HANSEN M, et al. Participatory sensing
[C]// Proceedings of ACM SenSys Workshop on World-Sensor-
Web,2006.

ZHUANG Y.LIN F,YOO E H,et al. AirSense: A portable con-
text-sensing device for personal air quality monitoring [ C] /

Proceedings of the 2015 Workshop on Pervasive Wireless

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Healthcare. New York: ACM,2015:17-22.
BUDDE M,BUSSE M, BEIGL M. Investigating the use of com-
modity dust Sensors for the embedded measurement of particu-
late matter [ C] // Proceedings of IEEE INSS’ 9. Antwerp:
IEEE,2012.1-4.
BUDDE M,MASRI R E,RIEDEL T,et al. Enabling low-cost
particulate matter measurement for participatory sensing scenar-
ios [C] // Proceedings of the 12th IntConf on MUM’ 13. New
York: ACM,2013:19.
CHEN L J,HO Y H,LEE H C,et al. An open framework for
participatory PM2. 5 monitoring in smart cities [ J]. IEEE Ac-
cess,2017,5:14441-14454,
PODURI S.NIMKAR A.SUKHATME G S. Visibility monito-
ring using mobile phones[J]. Annual Report:Center for Embed-
ded Networked Sensing,2010:125-127,
, . [J1.

,2017,44(11) :1-8.
HE K M,SUN J, TANG X O. Single image haze removal using
dark channel prior[ J]. IEEE Computer Society,2011,33(12):
2341-2353.
BUDDE M,BARBERA P, MASRI RE, et al. Retrofitting smart
phones to be used as particulate matter dosimeters [ C] // Pro-
ceedings of the 2013 IntSymp on Wearable Computers. New
York: ACM,2013:139-140.
LI Y,HUANG J,LUO J. Using user generated online photos to
estimate and monitor air pollution in major cities[ C] // Procee-
dings of the 7th International Conference on Internet Multimedi-
a Computing and Service. ACM,2015:79.
LIU X Y,SONG Z,NGAI E,et al. PM2. 5 monitoring using im-
ages from smartphones in participatory sensing[ C] // Proceed-

ings of IEEE INFOCOM, Hong Kong:IEEE,2015:630-635.



