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m In this paper, by discussing the experimental studies of incentive
mechanisms, we point out that incentive mechanism, one of key research issues in
crowd sensing, plays an important role in guaranteeing a stable, optimal group of
participants and increasing the accuracy, coverage, and timeliness of the sensing
results. As incentive mechanisms are closely related to other important research
issues in crowd sensing, such as participant selections, energy optimizations and
improving the quality of sensing results, therefore, a considerable amount of research
have been conducted recently, ranging from experimental studies to theoretical
solutions. These aim to provide more comprehensive incentive procedures and/or
protect benefits of different system stakeholders. \We also point out some
opportunities and challenges of incentive strategies used in crowd sensing.

crowd sensing; incentive mechanism; experimental studies; future

direction

% o Mason % N BT T — R ZE AW
PR S 5H BB IR IR
N GPS 15 B, LAk 38 Br 5 4R 22 % 1Y
BRIER

TE YRR 1 — i U AR A R 1 B
N BLAE 3ROy AT 55 R AT AP
BMZH5E . N5 KA H T E—
SRR B, Al 2 4T B A 55 R
DA K e 45 B4l 0 T 53 6 4 I -
B, 10 4 SR A A5 R B RS B
RLEE I I B A 5 R R B
WA S bRl Z A 32 2 5 8 B
PR HMRE —EW T RAe S 5E 0
s Z 5 25 # R EUE AL 4 1R P
BB & IR R B L 46 4T 55 K

N\ PROBITREAR 10\2015&12% SE21 BB Dec. 2015 Vol.21 No.6

IDAMAG\2015-12-124/VOL21\F6.VFT——4PPS/P1

A

BOMALEIE D R m) — A F &
Dy 1, BTz N T Al
i ,Wang%)\?ﬂ? HIGM 4P igm T
B 25 (4 W BL R 5 Zhao 45 {8 FH
JAl B S0 2% 35 Jal A i 5 PR LA filE P2P
W 2% fig 4 HE AR 5 K Y Il 55 ™5 Huang
S ONSEERONSE 27 N C R el R RN
A ) 2 S AR EL DMED

U 41 P 2 Tl 5 ) R R R 4
A VLT Py Y A

(1)Z5%&Z 5B AMEF TRE 2
FEA SR AR DL R RS B A5 Y L
THAESE , 402 il v] DA R 4180 5 B
S 2 5 2N K B A HE T 5T AR



HEBRMPHMINELIHRERARRE

ZTE TECHNOLOGY JOURNAL

T R T RN T RN
g f | BRI zznom| @ | @
IERES RENES MBS ESE
EEAHE BANE |E2BRDRE, 16| mAKE | sHopRTos
i S0 BERARE ERREBATS
ORESLhE

AR BERBRYNRGEH—RRE

B

(2) AN [ F 8 4 ] L) F S 2R 1
A58 A P T Y A AR A
W25, B2 s B RE i & HAAA L, B
S h HC A A A 2 i i 4 K
P A5 SR B I TR R RE AR
JIE A A U E o T LA AT L Ok 5
Z /D L5 W T A R X B R 4K
T 5 10 412 i A4 il ) AR T A

Wang %8 AL 358 i U021 B A 53k
BRI, IR 2 ok FA N B2 A3 45 R AR
HO {5 LB AN BE A B dR A AT Y
WS TERER B R G, B AT
e 194 > P A oy 25 4 55 9 HL B AE
WZWS5E; i LA A8 5T
Bk o 25 1S BRECT DL TE 2 E
LB, RATES 5 E KK .
I 0 AT BT 5 3 1) P 28 o8 4 i B
it Z I, WU A RE A HE B B4R AR
Ao WAL, T 2% Ao A A
i EREMAFIH S 5P YR 2
W2 5%, 52 P 2 fE
155 K Ai & MV B M B LB T,
R A T 9 AT 55 7 AN R[] ) SR
R 2 ] 5] A BCA i B LA e A
i 5 /I 14 [l 4 25 45 21 8 gy o ) A
Pt — Bk

SCEE [ B 98 T 9l PL ) S
B AR S A AR BOR , SR T BT L

A B Bl 19 B0 ™ AR e B B
fOERMEM 3R, £1HE TX3
o SCRE I SR AR B 2R

11 LWSH

/b i B 4 T i SR U 7 LS
R R TEZ —,
W NAEE B —FF K2 A4 T 55
LRSS HEWATT S AL,
WFE N R 2 5 35 16 1 Il B4 B 3%
i e s 0 B IR R LA A I BT R B £
B BB, (E5ERAS 55
BBEH AR, LRETS5H
A% BE O O 1 22 /0 At T Y
DIMK o
M 75t P13 A S 06 HAE T 49 44
S H5EMGT SR, 25%
FH 22 58 KU 5 At Jir 78 X 35 A9 12 7 K
- FF At 1 32 sl Bk — [ AL $) %
HIF-G o AR T SCHR L] Al 3 4
WO, AT N AE R LR AR e X 2
H5HEM W . LR S H Tt
T B ) B ROk Al b T A 1Y
Tk

SCHR[13]H RIS N 45 T 85 44
S 54T TE 1 AR, (5

VR1SEXHPHXKRES

TR AN R T SCER (L] [12] i
S XANELRP S EERATA
) g Ak 23 B 25 A AT B4 A % R Sk 7
SR, LB BERMEHS 5 H
F LA 22 58 KL B 1% Sk A GPS 14 R
o FISCHR[1 11— A%, SCAR[13] 9 B 5
WA AR EE RS HEN R, 5
WS 5 H AL IR B0 T St
R B I S R A B R
5 0 At T A8 04 B AR o

1.2 HEh R G

JUAE K 3 R STk T 2 9
) T84 DAl 5 W A (] (FL 2 A AT #88 of F L
BRI 10 1% S 7N T8l R s 1

SCHR L] % 2 /0 5 B 4 [ 4
T2, B AR 25 5 AL 4 iR
AB.C.D.E54., Al 5ER
BT ST T 2B B A5 3 [
SEBCR B A s B . C I D 41 2
55 2 MU A AT i) S B BTk 3K A [
L AE I A UL P 4k BE A D3R 69 4
AR, BHEH KD, CHFE,D
HEWMEH KL EARBESSHW
HE 44 25 Al AT 18l 42

SCHR[13] 0 B BT A S 5 8 B Bl
WA, 58— & A (BPG) ,
EaRIES S5 HENHES S T AW
AN i, 3% AL F SCER 3] I E
25 55 2 20 B 5 4 41 (DCG) 2R
FCHR[ A A, HEART X
HRIB EAsm g R 2 5 Sk
A AEAT 3R, BPG 4 b 35 4 M i &
5 E R S R [l

TESCHR[12] 9, WF 58 AN B AP A
W7 & L Wsl = 5%, B
R N 87977 R S B 8 4 T e
Zx 55 35 416 0 [l Hig 2 R LB A3 4
I B 400 R R , 1T A il o 2 5 &

R IETT I Vit 25SEAN BENE/E ERSOE HRER =R
[11] 55 5 BELFGPS DHENMS FK3~135HBH
1858 R AN A B9 B 256 (2] 49 7 SENAGPS  ERY SX013~024 hESZH
SCHR[11]—[13]8F 58 T A [ 384 il BEL E90 o §X083~ 1LI6 KB, BX
(13l EB 1 0 GPS AEME  “0%5 032 hilEBE B

WXt 2 55 BORNERE 5 B i

2015128 2158565 Dec. 2015 Vol.21 No.6 /11 MERIE AR 4

IDAMAG\2015-12-124/VOL21\F6.VFT——4PPS/P2



ZTE TECHNOLOGY JOURNAL

HEBRMPHAMNELERARRRE

P2 A1 [l $12 2 P R 0L AR O3 A O B
DR fe HOm 44 U A SCEE R R AT
B8 il PR AR S 4 2L i A DD
AARAEAESE 4 4 .

SRR T, K 3 20 S Y X
) 2« SCHR (314 3 9 45 Ko dls 1y Kot
Y B WOl 5 STk [12] 92 11 Y
CHERE A O R R R SRR D 5
SCHR 5142 Bt ) 2 A BRI [l 4R 19 R i
P WAl o AT B0 RE A R AR AR
P RS, BRI 5 4 S 2 A AR 32
e HEWE A — 5 B9 LR LA 5T
HITERER B .

1.3 LI RiTM

mF 1R, SCHF A—E 4
H 7 35 8098 51wk 23 il 02 3 .5.57.6.7 .
41355k . A—D 4 AR
H otk it A KR4k . EfE AT
AL E A H BTk AR Ak R AR
KOIEFFAR LA B 2 5 STk 1
Rk {0 55 LR Bk LR B
B0 o SCHk[12] 7 5 4 21 i Al 5 4
N g T Bl PR S SN )
0.13 h Y7 35 H Be Al 0.24 h (74 35 F
Bt SCHR[13]M9 45 S 2R BPG 4l 1W H
B B RR R 1.16 5K B8 R 1 0.32 b [l
A B, DCG 41 H 34 51 ik 2 0.83 5K
M8 A1 0.25 h W & Br . FRATTHE
E S R N S N O it
R 4598 .

(DXF&H5EMTH. Mk
[L1] R [13] % 25 5% 4 F Scmik [12], ok
S U0 PR 4 T B L R LR G T 4
REWR 51 2 5 & vTk B o

(2) R A% 2 5 & 1 S B3 5Tk S AT
4z b 25 2 5 3% [ 4 i 5 = RE
AT 2B . BN, F B O 2L
Tk B R W AT T AN Fe iy B
FWE . X ABLSE L TE SCHER[I] A
[13]H A3 2] T UE L, SCER[13]Hh % & 5
AT T 2 R AE ] T
IR E

(3) HA 5 4 1 J5 A9 385 il WL i B
WA e A v T el AL A K
o H & SCER1 T B E 20 RS ik

[13]% 1 BPG HA A 45 3 - EH
W2 5% BRAET RN T Z , B2
W £ 25 % %8R L8 {2 BPG
WS HEBRTEIMWEREAWE
20 H AT AR AT LU AR 2 A 24 R0 Y
UK AL . X R0 4 A% R A A G AL
WK . AT E4, BPG H %S %k
W (2 5 05 % 0] LA B R 09 (5]
o BT LA 3E A R WEE &R Tk
W2 5%, % T MATA S K A B
FARANTAE: S 5 BRAUT 55 .

(HEHFB.C.DAA—1 i
R S S, Bl A5 Rl BE R BT AS IR A A
R Z | A B AT DL A B A B0
B RaMe, DAS S5 &K
Wl 45 20 0 Wl e 2, (H 2 A T 4P
TUEL B R B e b . FRATTHAE X
EHEZEMEEERY, A TS5%
AN Fe i I — R 5] 5 — A4
HEAH WSS EH AR, X
T HNEE S, A A XN
g

(5) LA b 3 A Sk vh B i By 5
AT — A1 T 52 2% 09 3806 5
1 B A T B KN R &S E R

BB o

2 B E RN B AL Y
R
O IR T T U £

HEYE BRI BLIBAT LR 5 A5 i

21 BEELGEMEES B

1155 kAT H FOF 5 02 A 20 57
B 28 5 SR A X R . — AT
%5 KA ] BE 2 LR AR OF &
LRSS X B A RS T
AN T 1 4 75 ok CEb e 55 30808 1 3
A RLEE ML S ) WA NS S
Ho MR EERTE T R AR S KR
BB RN FE R, R
&5 E FEERKA

SR N NI Wi S S L P11
W e Gl BR 5 — AR T ) . —
D3 T, AN A 5 58 4, O [
55 KA H A BT S5 . XKL

N\ PROBITREAR 12\2015&12% SE21 BB Dec. 2015 Vol.21 No.6

IDAMAG\2015-12-124/VOL21\F6.VFT——4PPS/P3

K, X T BEASF- 65 1E K0HE R A 2R
R/ R RS B T — A
SRR IR R, B Ah 2P 15 S A ] o
A SR 2 SR ] A 5 A
AR — A B BB 75— D T, A
7] - 65 4 23 3 i 58 4 45 55 0 4k —
EBAE R S5 E . A BB R
MR- 3 o5 4 A AL T A I
2 55 3 ) Bl 2SR A0S At AT 9 41 A
KT S G il i 7E
ARSI ZES, RV 5 16 & i
S 2S5 H MR A% IE A O
AR 3 4 ) AT A A A A
OBy WE A AT B 2 5 E iR
o XM, ANSHENHERE T
SR O R T 2 W B 2 A 55
KA

22 BHERMBIENAEHESH
- A LK W 4R 2 0 T s R
S 45 HAtL P 5 AL 55 KA, oA
A TRV AE: 55 AT BE A8 45 8] F I A) b A7 By
HE, ME— DA [FE 55 225K A9 %
PR A A o AR X A AT, — Bl
Z: 5% MY 5 8RS 21 22 il 4 38
J7 SEAG AR Y T 3 AL AN AT 48 £k
XT3 B ) 2 3 AN BIF 5 [R) R . SR T
St R AT LS E R A 55, (HJ2 ()
HARATAE , LI 15 I oy KL 485 Ty 2 %
36 09 BT AN 2 5 3 41 55 X Y R
Foo D 1 1y s R T A SR
Z 2 5 &l RE 2 P 6 9 A E K
A (ELR {52 22 19 7 s 00 i 4 5%
HAKZHE MRS S H R
Moo BTLL, 52— A BE X P 7 THi
KRB i sh 2507 %

23 BXTRAENERE

WA Y — L0 8 5l B A B A
WA S5 R BE B & 1 L KT,
IR 2 5 BUAS & 2 5 F 5 se X
7 [R)RE F AR KT () A 6 e o R ()
v R IR o s, B
oS TR R R R RO R )
B, B FRAT Fe U AT B — WA
LR BRERR: S H5EBIREN



) A HL A RS A T AL I ) A S
5 H PAT AT 55 IR WS £
DRER T A DR SR T S R A AT 1
Jih B o R B A H AR A A T
— A A AL, BRI 2 5 3
B TR) A% v AR LA (0 R A 2l B
WOk Iy L4 2 5 & I I D DAk
Bl e K AL T M 2 19 H 9

24 ETFEEERNMBE
Ui 2 B o A% 2 HIL A A0 AL
Mz AEHEWKR, HS5%

HEBRMPHMINELIHRERARRE

ZTE TECHNOLOGY JOURNAL

Zhang 1 Zhao % A\ AL X F 75 4 1 i
SRR I R ATHER R T 55 A
— B B SE T DA
RO AT SR B B Bl AT TT
U I L B E T AR TR, S AR A A
— S 5 05T A0 R R
EMAM IR T IR A3
B E T A ) 5 B K e o R R
Xt R E TS S SO e
R T A AT AT A 22D o KR xR PR
S B M) B R TR R Al Y R
SEUERRPE o BT LA AR TR E T IR B 5

EEEN

UESE=Ti=- )
B—8 D

BIRIE
N

AU /17

<2
15 2 WL ) A0 8 R AL
18] f) Bk %

i - & _EAR RS Z 5, o B 2 Al
T EALX i Bl 1 R, Z R R
SMEREETRS S ENEEE
{ELIF D E AN B3R 22 . 25 &
B R A 2 R B At 4 R %
Jilo AR — A2 5 g A
g T A IR At £ 7 R A
SR NN DR R R =R
h 25 3 AR 5 il LAl
A Je 2 B A R 1 K

25 EMEEMNEEIRE

H T 3240 Jr 20 0 BIL R —
AR R < B R FEAS RO A
o P A O B 25 A
B T ) A% R, 2 T R R 7
WRLE R . X AR S G T B AR
B B I ] A7 R H1E S B B TR E
il AR P LT REAE — 2
T A HAR N A 2 TR X H
e 5HE N %M, WREN K
W, 2 5 W A5 BAL A [ 42, 5 Fp
EFRAMN TS S H L.

IDAMAG\2015-12-124/VOL21\F6.VFT——4PPS/P4

M B e 2 = I IE

3 FRIE

YA AL A T R RO R g
AR B ER Y . SCE S i A AUE
PR 3 e SR SRR T, WA
AL B AT A S B N K A 2 I ] 95
SE P G Dl SR DL L% S 4G R
IRJE R HLHEAT T B2 B m FeAT 4
T AR AL ) — L B

SEHk

[11 LANE N D, et al. A Survey of Mobile Phone
Sensing [J] IEEE Communications Magazine,
2010, 48(9): 140-150

[2] KANHERE S S. Participatory Sensing:
Crowdsourcing Data from Mobile
Smartphones in Urban Spaces[Cl//
Proceedings of IEEE MDM 2011, Luled,
Sweden, 2011: 3-6

[3] YANG S, DESSAI P, VERMA M, and GERLA
M. FreelLoc: Calibrationfree Crowdsourced
Indoor Localization[Cl// Proceedings of IEEE
INFOCOM 2013, San Francisco, CA, USA,
2013: 2481-2489

[4] MASSUNG E, COYLE D, CATER K F, JAY M,
and PRESIT C. Using Crowdsourcing to
Support Pro—Environmental Community
ActivismI[C]// in Proceedings of ACM SIGCHI
2013, Paris, France, 2013: 371-380

2055128 F£218E6H

[5] MASON A D, MICHALAKIDIS G, and
KRAUSE P J. Tiger Nation: Empowering
Citizen Scientists[C]// in Proceedings of IEEE
DEST 2012, Campione d'ltalia, Italy, 2012: 1—
5
[6] WANG Y, NAKAO A, and VASILAKOS A V.
Heterogeneity Playing Key Role: Modeling
and Analyzing the Dynamics of Incentive
Mechanisms in Autonomous Networks [J].
ACM TAAS, 2012, 7(3): 31
[71 HUANG E, CROWCROFT J, and WASSELL |.
Rethinking Incentives for Mobile ad hoc
Networks[C]// in Proceedings of ACM
SIGCOMM Workshop Practice Theory
Incentives Network System 2004, 2004:191—
196
[8] DOAN A, RAMAKRISHNAN R, and HALEVY
A'Y. Crowdsourcing Systems on the World—
Wide Web [J]. Communications of the ACM,
2011, 54 (4): 86-96.doi: 10.1145/
1924421.1924442
[9] AFLAKI' S, MERATNIA N, BARATCHI M, and
HAVINGA P J. Evaluation of Incentives for
Body Area Network—Based Healthcare
Systems[C]// in Proceedings of IEEE ISSNIP
2013, pp. 5156-520
[10] SCEKIC O, TRUONG H L, and DUSTDAR S.
Programming Incentives in Information
Systems|[C]//Advanced Information Systems
Engineering, Springer Berlin Heidelberg,
2013: 688-703
[11]1 REDDY S, ESTRIN D, HANSEN M, and
SRIVASTAVA M. Examining Micropayments
for Participatory Sensing Data Collections
[C)// in Proceedings of ACM UbiComp,
2010, pp. 33-36

[12] SCHWEIZER I, MEURISCH C, GEDEON J,
BARTL R., and MUHLHAUSER M,
Noisemap: Multi—Tier Incentive
Mechanisms for Participative Urban Sensing
[C)// in Proceedings of ACM PhoneSense
2012, Toronto, Canada, 2012: 9:1-9:5

[13] CHON Y, LANE N D, KIM Y, ZHAO F, and
CHA H. A Large—Scale Study of Mobile
Crowdsourcing with Smartphones for Urban
Sensing Applications([C]//in Proceedings of
ACM UbiComp 2013, Zurich, Switzerland,
2013: 1-10

[14] ZHANG X, et al. Free Market of
Crowdsourcing: Incentive Mechanism
Design for Mobile Sensing [J]. IEEE
Transactions Parallel Distributed System,
2014, 25(12): 3190-3200

[15] ZHAQ D, LI X.-Y, and MA H. How to
Crowdsource Tasks Truthfully without
Sacrificing Utility: Online Incentive
Mechanisms with Budget Constraint[C]// in
Proceedings of IEEE INFOCOM 2014,
Toronto, Canada, 2014: 1213-1221

B {EZ BN &

XU, A RIBT R
Fe2UR , A\ 2016 FFE R
AHE SERBZAZDO
ERENTH” ; EZHAN
B RS BRI
BRA; TEERHERER
BFES  TEB HFE.
RBENFINB 10R1IA; E

.‘ hﬁﬁezm%ﬁ,ﬁmﬁ
SCI/EIfiZR 60 Fiso

an -

i
L

Dec. 2015 Vol21 No6 13 M EET P,



