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Abstract: In recent years, crowdsourcing, which utilizes the intelligence of crowds to solve problems, provides a novel data processing
paradigm for traditional data management challenges and has become one of the hottest research topics. In particular, due to the rapid
development of mobile Internet and sharing economy, crowdsourcing not only becomes a new approach for data collection, but is also

integrated into all kinds of application scenarios especially spatiotemporal data management such as online-to-offline (O20) applications,
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real-time traffic monitoring, and logistics management. In this paper, a survey is provided on existing research of spatiotemporal
crowdsourcing. First of all, the concept and representative applications of spatiotemporal crowdsourcing is described, and its relationship
with traditional crowdsourcing is explained. Then, the workflow of spatiotemporal crowdsourcing is illustrated. Furthermore, three core
research problems and three categories of techniques of spatiotemporal crowdsourcing are discussed. Finally, the state-of-the-art studies of
spatiotemporal crowdsourcing are summarized and promising future research directions for the research community are presented.

Key words: spatiotemporal crowdsourcing; sharing economy; 020 mode; task assignment; quality control; privacy protection
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Workflow of spatotemporal crowdsourcing platforms
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MR XTS5 EFEREATE 0S5 E P TS M IE A 3L+ 3 20 iF EBE B T 4%
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FATE)E T L AW 53 ER, U — T 556 2 07 /) HLIE P12 6 SR F <4 5SmSR SR IEAT 45
SURMME— M AHAT S AR TS 58 ESER TS SZ MR MM EAES Uber “FEHRM 714G X35
TR BT 55 B AR 5 LS B Bh 25 41 & 0 IRAT 55, AT 55 40 YR, I ML 75 SR AT BAT 45, 75 JUKs 2 =2 6 5 IR o,
TE B AN ) 1) I 25 A B R P o A 2 5 38 S 45 1A FRBCHS 52 1% 6 6 AT 45 19 2 R AL 3

3 HEXEZOHARE-R

AR, SRV I 25 AR L B BN A5 R SRR B T h 3 L ELAR 500 e O ) 5 A Ok
PR, — AN B AR ] RS R A A X 3 AR il 2 L 2 PR ok 18 R A U T

o Uy LA 55 WE A AR A T AR AL A A 48 AR B B A B A (K A A 0 1R LA I S A AT T SR

AU SCIEWER 1.2 453, I 23 A B 5 A S5 AR B A7 35 AR S (K9 X031, 3t S S50 5% 20 P 45 o e 42

XA ) A I AR B IR N I AL H AR 55 AU A R A T BOR A AT 55 B i) LT A% Bt

AL T AT 55 43 TG o 8503 5 SR P 29 2 A 40 R G TSRS 2 o L 220 v, L 12% 5 425 M DA TG B 4%
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Fig.2 Core research problems of spatial-temporal crowdsourcing
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3.1 E5 5

AT 55 43 B o 02 18 B 28 A0 7 5 AR AR A BT 55 5 A 0. 5 15 2 (0 I 248 J8 1k AT 254 1, b B AT 45 90 B e
EAPAT LS 5 3. BT A [R) 1R B 25 Ak A B AT 25 43 B 1) 75 SRAN [ 181 bk A7 W8 5 30 5 R D 79 e A [ 1)
SRS AN [ . FH 9 s EAT AR — P AR 43 I UL R Y, 5 7 — BN [R] P 4 R AR L 23 55 3 40 i —
T AR BLAT: 25, 24 0 18 F 37 35 009 52 B 6 5 2 ik 25, v 3 1 AT 5585 0 — b g B SR IBUAT: 45 R4S 2 58 A — BB i )
A BT A AL 22 5 3 43 L 22 A BIAT: 45 5 K1) HE AT I 84T 55 (K1 PR AT 5 6 42, 0 e 280 1 Y 3 5 ok R R
TR MRS, 0 1 P A S AR R SCA 0] 3K P AR 2 43 i) e T I 3R
3.1 BT UL AT 45 7 B i 2
% 2HS R i S o i AR 47 24 4 L1 e KA B s /N IR ) 43 IR DG P ) R OO AR AN [l 18 FH HR AT 45
114 552 B 42k 2 SR AT AN T, AT E— 2D S AR T 43 B A 1 ke 3 IR DL R Y 5 B AR 4 3 S R DE A 28
o THAELULE AT 17 B R HOAE 5% 0 16) B 540 T 4% ) IL 2 (spatial matching)l®7 68 i) {1t — AN
AR ) B 15 R 43 PRI DG P (W) g g 80 2 R) 500 v 8 56 T I 2 06 AT 45 43 T IR AIF 5 K 4 R i 3
— {55 5 (262737390 (5 i fly F IS Y R A AT 45 5 S S AR G I T AR B R e A
S, TR] AP 30T 7 SR PR BT 258 AR A AT 55 23 B BTF 9 DR 36 20 4 T ol S A 55 1) B0 25 5 I R 4Pk
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1R B AR M2 T AL AT 45 (1) S 7 oK
3.1.2 TR S o Bl R Y
L RBERLE T 0 A S 5 38 7045 58 I (8] N ZESRPAT 2 A AT 55, A P & FF 2% 5 5 5 LRI
— AT AT: 25 SRAT TR A AR, T35 T VE S IR AT 5593 O ASE 28, I A7 1) 36 T R0 R0 PR AT 2% 4 B ASE 280 4, vy AR AT 25 52
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o T ARE LR RIBL I SR AT 45 BRI ) R 24 g 28 SR e AT e AUV R ) ) A
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R 2 PR 16 AR (1) 4 A TR AL ST 5 ] 2 % 2 5 BRI B AT I AE 55, DT o K AN L I 58 1A 55 1) 4
B SR AT 45 ) R A0,
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. <7 10T, 5 A 45 A A 50 A B0 HR 1 R A SR AL, — 8 N 2 O AT 45t 2 7 At B 5 9 R 5E R B
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WU AT, U R AL AL S 5 38 B 50, I S 75 B A O 3R I TB) A R K 42 72 Bt 31 e 2 (K A BL AR 4518 Sk 30 T
FEAL T IZ IR 1) FH P A 30 8 35 22 3 A i S B A 1) R ML T HAT: 45 30 75 BN 75 0 HA s (1) B s - e e 3 ofe
B S K T 1D B 1) 408 2 Al YR B o ) L 2 e R R, DA T 92D ) L S AT 45 11 e B
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55 55 A0 2 15 3 DO IS, I UG i 5% 2R AN AT 25038 . | 1 70 28 S AT 45 DU IE 1) 5 T B T il 2 5 38 A A AT
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BB 2 O BT 55 T 42 o (0 B 4 H b
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FET- A B DR At 25 55 3 (K I 23 45 60, SCRT AR Ak B 22 5 3 DR i 1A I 84 B AR S AT R0 58 A 55
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SVRIEGS AN AR I 55 %, T AR % AT A5 R 55 fs L0 JE I 23 5 R EAT RO A it I , 2 v 135 1 95 R SR i () £
BREL R RET 6 U5, N 2SS & FEAREE O 5 015 B Sk 52 5 R &0

AR H AT CAEAE — Sk I 2 R 1 B AL CR BT 7 SO AR TR A Ty vl R kP44 K -2 BEPE A X
AR gt 1 (10 7, B4 G AT R A IR e — A LA 1 67 388 37 DR — RSO 1) o7 2t L, M i i Bx
JUREEAR SR B R I ANTE T I AR AR R R R R R T U AR S S AR S S E
A BRI Jo B0 AL B B B AR BT 55 52 5 3 L IR AL BT 45 2, U A 2 N U R RS I AT
55 o3 BC R 55 L A B R AN HE A 0T AT 55 5 R TR £ 5 A= 3 K DRl e BIAE T 030 SR 22 70 B A DR P 1R T
5,05 5 #AE USSR AL B IR SRR 16 2 15 4 (RS WA A RS BUTE AT 45 0 IO 7 0 5 5 1Y
2 A L HEAT B A BRAP, 10 SCAN AT R B A (47 58 3 B KT 53 80 P A e A7),

gr EPTIR, LS AADRY A H AR 55305 5K 3 5 5 1 3 23 1) £ SRR A0 45 A 25 B AU A 550 E 110 5, X1 0,
AT AE B R PRAP IR PR BRI 25 Ak 01 65 B A 55 20 B SR, A2 1% 8 1R A F U TR .

4 HEXOHFEEERE AR

AR B S NHCHR S B O A v B RT3 3 AN T 43 A 3 % R 2 A A K I R AR B T BT A
G110 N F B AR AT RN 17 56 B KT L 43T B AR A 25
4.1 HIREM

KO A SO T L AE Ok — LA B P 5 B 2 B AT 2 U P A% 0 2 R — 3 1R K A 22 1 ) KA
VAT Ve R0 VAL DU, FLIge 24 i A5 5 10 2508 7 1 46— 40 B 1 i R0, by 1 50008 4 il iy 3= 22
BRI 5 B 5 R — S 1 2GR T AN 7], 1 30 0 A [ 5 SC AN TRl 3 T 20 I 2 N 2 Ak, TR ik 3
T AR (B B B A 1A A A e A P R S e v R g 3 O 45 i, Wang 25 APAIRESY T T A
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matching) 7] #, Tong %5 A PSIHE H T 56T 004 A0 A0 375 DEAE 42 A S BLAE (10 2 1 A0 A0 10 o B2 e A % St
SR A B AR R A0 50 B A o A 5 3R 2R B R AT BRI B T S0 TG L )t L A R A S R P
Xk 2 B AT B i, 151 Lt P 5 4 4 T A T B A S AE B (R B A R s B R T
5B YRR U5 4 BRORS Y JSE 1 A J7 THI #4807 6 5 R B 1T B 24 0, 000 5 B e R — 5 1T T LA o 22 5030 9K
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AR IS 3 AN JL RS 20 T B I O, B A B A R T I 2 S R ) R A
41,1 Hb PR ECH B A

B B8 S A 22 107 B R %5 (location-based service) 1) FE At A% 45 1) 1 B B8 48 Al 2 23 i I 46 %6 F B 52
F8,— 3 T AR 388 vy, 53— 73 TR A AR 0] ZL it ep i i o A S A5 0 1 S S0 e PR 5040 B2 7. Google A R 341 4
P b BB AR 2 0k 10 42,35 4 B 28 2 6 250 A B AR Oy st 1 50 4 e A 1 — i S B 0 R A Ak AL
&l (crowdsourced map). JTJBU#E 1 1 8] (open street map, i 7 OSM)P7UE: A 4l b 5 i 00 A 2 AT 40y i ] iR F 4
AR el R EEE OB S 58 E AT g AR, SEUR H EIEO AR R R 2013 4F,0SM
DI I 100 3 MTEMH 7 IFICE T 2 100 J5 95 5 DAL ity 1 % Sl AR L 7 800 5 4%t S Bl .
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At PR P o A 2 5 o AN bR T 1) 9 0 G 3 T B0 T i SR AT bR i Ding 25 AP SR
HALZ: 5 3 B H 34T T8 6 28 B HE T, AT At 2 15 38 JEAT T8 I 28 B AR v SR A0 15 1 I i 3 2, LRk 4%
o £ HH B b PO AR O R AR T L SCHR[34 4R T — P 4R 5 % B R W ¥ $h S5 i R B M 2R B 2
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B E T R B SRR IR I A A 45 A5 AT AT Y2 I N R A 481 2, Yuan 2 UV S 4 R
AR XA POL 15 B FITE DX sk 8] 1) B A5 2 46 41 W7 4% DX 48l 1) = ZE D 8. DAk, POT bRy 15 43 28 1) /L jl ok
2 0 4 B 5 4 Ak HP ) T R O L AR T, A9 1 B AR ) PO ARl e vk AR L &, b 3 BURHIE
PR AR ¥ T R A 2 1 P AR

o T 2w POL BHa ARVE 10 &, Hu 28 AR T 56 T I 25 A0 B $0dis 48 B 1 R 1) POT Mt b v U ik B AR T
L% POL SR e 1) o Al R B AN 7 (1) a0 ] WA R AR AL 2 5 3 (R bR v 4 SR R HE T HE 52— PO
B IE A bR 5 (2) o] A7 R K RS AR AT 45 2 BB IE ARG 5 5 35 DASE i HEWT WA 2 8 T f e X A+
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F e s AL S 5 3 A b, R HERT R 55 4T 45 03 e S5 28 B kAR A IE AN b 4% =y POT B i 44
it e LS 45 SR IH 45 G I S O s A B BRI POL 4 b 77 5 7T B S 48 iy POT ZUHs 1) bs v Jo o
4.1.3  AZIAR DL

BT Bk b B A S PO Hdi A A, i 25 A0 (0 20040 A5 BB AR AE B4 41 ey T 1) 53 — AN L 284 3
kg 28 8 AR YO M O, BT 0 S 3 A 0 1 0 AT S i 00 RSy A 48 1 A8 AR 0 M ) — T e 7 T B b A AR
SRIRELZE i 55 2R A A S, DT 428 S8 Ja AR 400, A s B T T B B 0K DL R T I A8 e MR 1O A2 4 4 D IR, 224 i o
B (1) A T A TG VR A A T B I e, L 2 A, DA TR 5 80 T R 22 BT IR 00 e ) R 4 T A A T i
AN £ AT PR 22 A A8 308 5 R A TR I IS A, A AT TR e D Sy — DR Bk A T bR R R AR
I 2% A 0, 50 A B AR T S Ay 8 5 A R 50 B B A ) — e 7

o, Artikis 45 AP g 308 1 A2 SR 20 I 00 )5 50 50 222 1 R U E 1 K fi Ml TiT o 5 25 S g i o P 3R A9
JUER PR B o, DA ] ) A I s SR R B B A A ZE GPS s it T W AR B ) e o e A 7= B L AF
TEAUERS A0 F5 5 v 850 D8 b, SCRR [33 38k A4 S I 2 00 65 £ SR i W 3000 1 S M A R A — 380 i) L L 4
T & I 25 A 6 i a1 PR 2 A YR A R A — SOOI VR 1) 22 06 I S AL 2 5 8 3R AT 1), 6T ARATT 1 I Tt
HEAT ISR, T SR A0 O P 8 1) & SR U JEG 2 A X 0000 0 I A8, SR (3350 FH v oot 2 [ W A8 20 7 7 s s
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[ LA KR 2R I T BT 7, 56wy S8 IR 5 Y LN AT 25 LA o, BRI AE B 3(0) T — 43 B R AT 3 (wy,t) 20 B 3(c)
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Fig.3 Bipartite matching model
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Fig.4 Procedure of the greedy algorithm under the first online arrival order
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Fig.5 Routing planning example
K5 BrAesiilonl

FESCHR[28] ) HE bl 1 L1 2 AU Re B S ps vp AT 45 52 IR B A L BLWFIY T 845 5 38 18 SR AE 45 R 1) 7. 5
SCHR[2814H bb, 12 1) A AN AN [F] A:(1) VBT S5 SXI sh & B R A2 LR A BE B A 2 5 & 3K HG(2)
AL 2 5 g AT 45 2 J5 6 75 1 Bk B H R b a5 N R iz i L S N T A R ok U
GetNextTask 5% DO B A0 2 55 35 0] S (94T 25 rh A8 J8 R 2R 2wy, TS B KA 14T 45 sRe-Route 52 7E
B RAE S5 T T IS 28 T 2 1 I A S B R — 4 s UL B A28, ) o8 P B 5 3 W 44 /) B A28 1 4 = 2 ).

SCHR[28, 7410 5T 1 B 0F BAAN A 4 23 5 38 1) B A LI ) 05 177 She % N 1OAZ BEF- iR 4L 42 9 4% (event-based
social network, [ FX EBSN)[1J5 A&, T 5L A )2 2 A Al 2 5 38 LRI % A2, AE 1S 2 5 38 56 U 25 ACBAT 45 11 4
AR AT Bt K .She 55 AAIE B 1% 1) 7 24 NP-3E, -4 H—FP B B B I3 AL SRR SRR 28 1 B Bk st i) RS 4
TR /N 1) F 1) R R B0 A BRI T DU O 38 2 B B H AN il 0 e Sty L h B i R A8 2
58 SRR 0.5. Deng %5 ANV FT TSI ) L4 H T B ANESE, B R UM R DB X 22 At 2 3 1
FE25 47 B 55 AR R R) i)

Wbk 6 78 B % % 103 K, B TS B i 4% 0 AT A5 BN B 0F 52 1)) 12 TR B Bl e A R A 7 S I b R AR AR
A, T 2 SR 2 T SR A S B W e, T A s sk b R RS B 1 6 AT A RN R A % AR R A )
Bt He 2 APPHE HIF R Rk ST A IR BT T S5 K A A I 1 45 WU 2 ) B, 1% ) 80 382 SR 3l 2 B 3 1 4
(LS 520 3 B0 5 R AR BT 25 I OB A R 0 41 1 3 K407 S W as JLAE 2% ) 8 NP-dE R4 T
— P ELAT R O AL LY AT BB b A B T ) AL IR B T — e M WL, LA T 6 RS Bl R A5 REAT 6N
eIk L — 3L
43 BIRZIE

— 77 10, B 2 AR BB R Sy H A I b (4 TR R B o — T 4 A A L B S A PR T S R
A FH 5% I 25 oA R G AT O Ak L b 3 5 S B 25 O £ B8 HEAT RS, BT e AT AL S 5 o T B AT A
2,0 BLARARAT 25 23 e 5 e R IR 25 A0 E 2R 48 10 FH 7 4 56

SXoF HF 2% A0 F B AT 5 00— A S S5 A SN A R P b A 2 e A2 A S
HAT S & 0 L 7R 6, T & (114515 3K 0 ) 45 AL L 2 5 38 )4l i Mk AR PR B i ak e 33, i 75 22 i
FT R 55 7 AT 9 7. 9 B3 S0 i — 7 X 349 50 ) 10 A 85 A A2 W T e 3 B0 0 i B [ VA 3 A AR o BLIA

© PEBEERKCEIFR  htps/www. jos. org. cn



52

Journal of Software #4F3¥# Vol.28, No.1, January 2017

JRRT = 1 i FR R U, 7 5 I 3R R T AR R ) AL e A 55 R AR A T LI v S o ) P e 42
P BANS TR Iy S S b b A B AT P R AR, n T O SR S o I AR S A A 5 A A R
IR A DAy o b M A AR UL B AR AT 55 0 BC I R v 1 65 P M B 4R v ke 6 — > 5 P o de i o
WAL AR AL F BRI A7 A DA d b 4 AT A7

4.4 FFEEo

LR EPTIR AN NEAR R Bl AW B2 X 3 U5 T AR A 2 T I S A e A B 19
Pl B AR AR T8 T3 X 7 3R W BRI 52 [, A1 MRS S . 2 58 foR e R 55 R FAL
ISR k2 i) B 5 DA H ARIX 5 AR BEE— 20 0 SLEAT IR T 58 B FAO0S L B HLAR A 3 L 3.

Table 3 Comparison on different spatotemporal crowdsourced application techniques
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