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Quality-Driven Reward Distribution in Crowdsourced Panoramic Map Construction
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Abstract A large collection of high-quality images are the basic and indispensable demands for
the construction of panoramic maps. However, the traditional image acquisition methods depend on
hired professional staff and specialized equipment, which are expensive as well as time-consuming.
The development and widespread of mobile crowdsourcing inspire us to collect diversified street
view images by the wisdom of crowds. However, the potential costs and self-interests of partici-
pants make them unwilling to work without any profit. Thus, we consider motivating them to
join crowdsourcing tasks through some reasonable financial incentives. Besides, due to the differ-
ences in personal capabilities and professionalism, the quality of collected images is different. High-
quality images are beneficial to construct a complete and accurate panoramic map, while low-quality

images may degrade the performance of panoramic maps. Thus, we combine image quality with the
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rewards of participants, design image quality-based reward distribution mechanisms, and encour-
age participants to collect high-quality images. We propose a weighted-based and a Shapley value-
based pricing mechanism, named WPM and SVPM respectively. Besides, we extract SIFT to
represent images. The image quality is quantified as the contributions of images to the construction of
panoramic maps, i.e. , effective SIFT features. The higher contribution means a higher-quality
image and brings a higher reward. Specifically, in WPM and SVPM, we quantify image quality
based on different design principles, for example, in WPM, the quality of a single image is quan-
tified as the valuation of its total effective features. Finally, we evaluate the performance of
reward distribution mechanisms through extensive experiments. The results demonstrate that our

mechanisms are superior to some traditional ways, like averaging and VCG, in terms of fairness and

robustness.

Keywords mobile crowdsourcing; shapley value; panoramic stitching; game theory; distribution strategy

1 5

[

AR A HL A R AR R B AR
e A B 55 | A s i I 55— R A T 2 1 T 4
AT H i A 5 A f T 5 e R . 5], 2% AR
5 (Google Street) . H{ JE 5t B H SOSO 7 5 55 i
55 2 P SR A AT S ST L Y R B
i 3 s R P AT LR I A A [ X S5O0 R
S T AT E Wb 1 % 25 b XU DT S5 30 2 AN HS
F R T S E .

A M P 1 A R v T 1 R R R
i%taé%ﬂﬁEf?ﬂi%’éttjﬂ—lﬁmﬁﬁﬁ’ﬂg@. EE
B — A [R] — DX 5 Y [5G e R P4
ARG BB R A R A B R 4 55 b 51 A8 i 1Y)
FEARELR [l I S PR BRI SR R
SR 15 5 MG R SRR 5 . R Ge i IR AR 7 X
F2 R TR AR Rl N B R T R T R AR R A
G140 358 T ol P ) e e ) R L AT R
F kG BE GPS, 4 5t A BIL R AL i 3 45 4 L Ml FR 1F.
S IV Ml B 5 S A ol A o 1 A B B o A

@ Waze. https://www. waze. com, 2020

¥
1 sl A g A R A R B

Z s fa i X IR 2 55 E I ML B . DAL 5k 26 R
W T AR R AR By 5T BRI AE ) 1.

T3 —J7 W s Bl A % Bl RN 5 A5 1 M 5 e
EHARM R IE BT — Mo B LR X — 3)
ANRNER=RP T BUESE -2 % NN | =3 PN %
M2 R 5 IR AT 55 B T AN R TR SE A
it R S 2 A a5 LA S BRI AT AT L 7% B AR 32 B
TARFEFAR DA% 2 . B4, Amazon Me-
chanical Turk J& i JLAF G & &R S AR LT 6.
AR AEEL A B A A RS R 3 A T Y
RIZEA]. A B8 Bl AR A 6 4 iz T 1) 2 ol 451 3 Ak 2L ¢
NS Bl R B Y R RS RS
[N~ AN i VARSI RN - = o (1l 3 )
HREEIAE B XL G U R 4 7 3 (W RE I FE ) [
L DL R 7 bR B S0 0 A FRATT P R T B
AL GE 1 G R B 2 0 5 — 5 )R A
RS S IR IR B8 A SO AT 55 BT 1 e
TR B R IEAHELL, Bl AR S 535
AL G DA R R 55 1 =38 43+ B A 1 5 S OR 4R
5 R 6 B2 5 E KA REA S, B
m L REXRBANERGEE. S 5EEZES RE

st
P73 B
——)

S



1248 it <A

Hl

Y,
&

i 2021 4F

Bt R IFAEAR 55 ORI N 3R 222457 5 . AvEF
BAEH MBS Z 5 X B AT T VB S VR IUR .
Oy BT R — RN UL B 2 5 58 LA SR TR P 2
SRR LS AR 55 7. MR 55 R AR B eSS Al U
PR OEREE M AR 55 . R AL F- 5 KR40 55 7 e AL
2452 15 5 S ce B AR .

B IR AR AT BE S AN T S Al 3t X i
LT o 5 20 DX A5 o (R A T i A L R
B RV A To IR HE A B AR PR AP DRI ST 25 X
S AR L AT LA S — ol A SR £ R R IBCT B A
AL AT LU 1% 48 10 508 R 46 T ORI 9 15 S A
FE. DA/ 17 5 P A5 OR 2 A v B O A

IR AL AR 2RI REBSH5HZ
HPE ELA S 3 S A AT AR AE T A 3 2 5 AR AT 55
JEHAERAE R L R B 15 38 A ]k G 2 )™ A
— %€ I BT URIH #E » A0 A5 BE A 1 L R MR R LS A ]
TR I 45. N, R 2 5 EMIMEHAES. N T
PP 92 5 R . AT IS BT 1A 25 1 Bl
HLH A S sh F A 2 AT 55 . Sl pL ] A
PEIE IR rh B BT T WU 2 5 4 58 IR UL 55 19 T
Bez — RALRK R 2058 200 T i AL
kG125 H W A 5 BUEANE 55 Bl Wu 45
VR Jin A8 ONTSE A B T RO BT )
HLHI S5 2 5 5 R 4R o BB . Zha S8 T 4
e T 308 i 1 S ) Rl AL R L R e R e R %
WIS - FAT 7% bl o 3 Y Y R R T Bl 2
HEMA I T 5 BRI 57 9k #h 2 5 H TR ER
RAEAT 55 7 AR (0 T 6 A K

WA 2 5 H A NRE ) R R B WOl 2 B2
S5 R ZAFAE 220 K AFARAE 55 19 58 B i (gl 2 R
M R BT S 25 A 5.l R UG, R R Y
P4 ) T A S o T AT 1) S L R AR
1 P51 S 2 T 10 L 2 R 5t R g A 1) 22 B
SR TR 52 W0 5 T 4 50 b 181 19 IR 55 J5 4 ) 4 A
SRHUAE. L AEA SO AT R Z SR B A
RO < B URN SR 5 | T S 5 R AR e T TR

FAT A A BT R S A S R R S 2
5 B 05 BT T RS TCR B 55 20 O AL
HH s AT R AT AR X 4 PR S AR
T RIRJEE SR S PR . ot R B L R [ B
. TR S R A B R R B PR — T
55 AR 25 3t I B A AR R TR A AT R A
AUE . T P 1) 5T R A B AE A AT X 4 R b B R A

RURFAE J AR 532 T 5 610 65 484 T sl sl 20 A3 RCRFALE . R I
Hb 5 0T 4 Sl PR DT R R R R B AT R B e L )
Z: 55 0T 57 R TR O T AR A T Y T LA
B VR S7 o LR AR 51 5. 2 5 FH SR R
bR A v O AR o A A0 A X 4 5 M 1 A g TR
R 1 B 4.

SR Bt b3 1 T 55 43 BE AL ) A7 78 B — 26 bk
. 5T el L RS R AR B R DR L FRATT R
L[] I 2 RE P A SR Y 7 R L R TR X AR
MEFE R, S5 00 R B AU T B B
0 25 28 Ja M 401 PRTAR 0 T 2 L TR N 5 1) 22 A 1 4
S IR B T A AR DGR (1 & . © IR e PR
2 A R 1R AH B G I5 AH B2 ), R DF 2 1 2 A
T BB A Y ST, 5 T) 52 2% Y G I P A A5 R
Jo i 1) e A B I R . FRUC, I AR PR Y R R A
T TR, 2 5 A THE AR B 8080 SR 46 I3l 2 TG 38 i
(0 s [R) IS S Ay 7 sl B AR A R 9 3 VEFT O (Cheating) L T
% 2 5 ¥ Wk BGE W LA BEILE. XS BOREN
Pl AR sl o A5 S B ALY . SR T 3 2 TR 1Y)
B AT 125 25 17 S5 DF e 4R A A 205 8. () I s 4%
I B ST B RIS AT R el A A R
H G B R LT A RO i e BHR T AR P 1)
RHEAFIRATIR T, B J5 - a0 o] 1 £ 43 BE HIL 6 A9 2 °F
P 201 P 2 A oS3 BC AL AP R A IR Y T A AR 2
— AP B A IR A A TR 25 E I B
PE R Z RSP BL A R F B S 58 MR
2 BRI R 0 5 22 Y AR ELAT: 55

BEXF R IR BRA FATTHR 1 e T A AL T
A{E A I 55 53 B AL A6 93 i 45 29 WPM (Weighted-
based Pricing Mechanism) 1 SVPM(Shapley Value-
based Pricing Mechanism). & 4¢, & 11 4] § SIFT
(Scale-Invariant Feature Transform) % M9 $2 Bt
B 0 %005 B, . B SIFT 45 4E. 304738 i 2 1k &%
Xf A SIET Rf AR A A R 5T ik (o 5 2 X 5 AR
PR 685 e ) oF ff A HE T . L AOR UL TE R T AL
{ELAY 3 BE AL (WPMD L gk 1] R 1% o3 ik R (sl il
O WE O E T A SIFT FR-AE A9 (5 22 AL i
TgAS SIFT HFAE 19 {8 Hy A 8 ok, ACE B R 3R
7 BT A AR E A UOBOB D ez, 2 B %
SIFT $FAE i B A & 15 F kBl % 72k T 2%
FIE 9 43 T HL A b (SVPMD |, &4 STk 9 Xl
R AEAN FE S DHEAS T B3 bR STk iy - 24 (8.
IR AR TR 8 DT R BE o T 55 48 i LG 81 3t 43 Tl 45 2



6 FIDTESF - AR PR R G T 2 T EIHR TR 19 55 20 i e ms 1249

5E. AR RAT EESTEESE LT 3 A

(DI R GRS S5 EMITHLEE, 2
HH 3 T R0 I T 55 43 O SRR S5 Ak AT A
A Bk PRI 4 5 160 A A 114 BT iR 2 SR 1 o R o
It PG TR R K 3R Y PR O R

(2) FATIHE T 2 FAUE CWPMD) Fi X T 5 3% 7
. (SVPMD) #5743 L 3R w6 . 32 F A E 2R b &
B B R PR S AR AR B R e A R PG
Hh ) i B Bk S 2 (EDR B E B R STER B RS T
AT A B A T 55

(3) Rty 5o 245 R IR ATTHE B ML 2 A
BRI HLAE AP N T S 43 T SR e L 491
W53 it . VCG 4.

2 MHXIE

Wil 5 7% Sl B B & 1) 38 B RN TG £ G TR AR 1) &
Ji& % B AR AL X — R B S AR R N aE T AR 3L
AR RS B AL TR O B IS A1) SR TR AR
Fe 1z s BP0l %= N E LS 0 A
P A A5 A5 A L CrowdMap!™ ] FH # ) HI
F A E R A AT AR A B & N T A A
Zhou % A" HEF e % 38 1 T WL R A i 80 S ok
P28 58 % 1) 5134 B[] SenseCity Vity ™ 8 F ik
RV R AR e R RS Bl Ak 4y 2l i v
18 A 35 A0S B 5 R A A B8l AT 3 R
NAFF 5. 75 524 £ J5 I, Raychoudhury 28 AW 2
R B T UL AR R 360 BE 4 s M B R 4
CROWD-PAN-360. i iz 5 £E f4 A (3 & F o JH P mf
DL AR AR b X A BE 15 2. Waze (S WA ST 2
U D) J — A JE T A A 1 1o B . B AR
T b R I S I i 4 S 38 2 L S A 2 A
ZE R 2 A S VRE 0 AR AR T R 24 B RN M
X[ 360 fEaemE. H2EMERF FEREF L]
M S ML T S oR SR A% Qiao % N R
IndoorCrowd2D HEZE , & £ F] F A 1 R 4E 119 B 4 A5
SRR A Al ) A P

% RSV BE R F BRI AL S 5 E .
MRS HHE MO T XHE A2 EH LA
WA WA S 12 5 TR T E S, U HE AR
AT 55 v ABATT AT RE G & — o B SRR . R,
VFL W98 5 500 T80T & BAT 3089 SR AL 55 2
H5EIMARAE S, IF 8 2 5 &5 5= 48 w] WL 0% 1 55 LA

YRAM AT AR IR, W S R Jin 4§
N B TR RL A BT 4 B B0 R
(8Tl AL 1 AR 0 S0 B A A 1% DT R R i T 55 . (E
SEAUATT I BA 2 o] 5 T B A B T 55 43 T SR e
Yang % AN 40 BT T RAARAL T & A i AL B
P R A Ry oL i TR B R, 2 ) B T Stackelberg
TR 2 R o S 1 B R SR LR LLAK 2O 2 5
HIHE M. Wen S A i H 3 5008 9K 240 32 1 34
JHLE QDAL 76 QDA . 2 53 4R 15 1 25 5 4%
LA A e 5 T /E R K 656, Yang %%
N 4l kL BE B R IR A1 R 48 (Mobile
Crowdsensing) . &t} T 51 & A OC A 2L 5 78
H/MET- 6.

WA s — B G 5 2 3 38 5 25 A 2R TR e A A
PHAT 5 4 o) R 1 % JER R B 0l I i S 25 R 5F Y ()
A i, Liang 258 AW 48 W 8008 T 58 ROt 7
e 45 A B R BRSO BE 3 Y 8L A X 2 0 B TR
AT IEAY . Cheng % A7 4 H— A~ RE 1% 76 £ 45 Bk
SR BT A 00 SRR S A e 1R (R T HE B e R I A
S 405 SR R R 005 7 VA 0 A Y00 6 5 B %) () s £
TSR B A, Han 58 A WF58 T BER 80
F18) Jo 2 SRR S A ] AL 3 3 3 TS 3 1 A L
HHARMHBEARENSSE, DS RE
A Be /M. Mashhadi 88 AW $2 3 3% F F P )
& A R Ty s B0 Sk R4 A P AT A B

R AR R 2 A BRSSO L R T
MAEA S AT EE % B PR — bR
s BT EAAR T 55 4 5K mE AOR 2 5 E R AR
o i ERBUE . A FRATT 4 6 B o DR 0 B AR
S B M T AT 0 PG o R DR Y o Ak =X IR
BB oTERBE 5 T 5 5 E 7.

3 BEHBRTRIE

FEA T o, JATT 32 A 43 I fof fie e A S PR v
9 [ A5 T A 1 1) L.

B0 10 TC A ) UAE AR AT 55 2 I
. 3l H R OLR A S 5 E AL 55 P g e e Sr
14+ 4B IH [10) 1) 90 38 0 5 9 20 2 LA e Ak O T gk B
ARELH AT BEAFTE AR VEAT . P B TE RIS 5 )
T e FEAILAY 3t A5 7] — A% 55 19 2 5 5 A LR

@ Google street. https://www. google. com/streetview/,
2020



1250 it "

Hl

F
&

i 2021 4F

AU NEAME D EXEHRE TR TS 5E LA
5 b 3k B R A R P 2 B AR R R A L S — T
T » A1) REAF 8 — 280 3 P SR LIRS 2y 1 i M
M 57 5 A2 R AC R Bz R U A 1 0] R D) S A7
FE L XE DL SEE G 9. (E 2, 3 2 19 0 AR MR — T T TSk
N R PR AR S 2 i A RUE B 55— O T2 B
PHEAT 55 THE 8. B A BG #E1T £ 00R
Wb PRZNANZE 8. AEA SO, F A1 2 RSk 30 ], )
JE W BT R A R TU A M ). 3 2 T8 g 2 5 i
RRA BV TR BIGIFH F Ay — 58 . R 5 (e
i T 3 U AT R A e HAL O RS R R 2 I ENR
D ARER. T AE A S PR s eh L AT Hoa AR
B AR A RS XA GE . T Z IR IR 8
WD T PHER . B T A REREEGA
B FPFHEIRTT 0ICA R IF R 45 42 5 IR A A
FEAT: 55 717 R S BT Pk A S Bly o IR B ATTIR S TE T 55 43
TE 14 2% P& LN ARG T H Y — D7 TR O T il
FLEXT R @ AT 55 A B By R, o — il oy TR
€2 5 FH R T RER AR Z AL 1Bl DL Sk 5 2 5 3
FR S AT O BV A 22 W0 A% AR LA i SO 57
AR EEOEBRANT | e FAT R A B S I 2k
18 TR 2 A BRI 5% $i IO PR URAALE & AR 5 R T R AL 15 4 7
PG 2 R R 28 e M vl L 3R R L L A4 B
B (Euclidean distance) [ &= #% 0] 41 81 & 5 ] 7€ #%
s AT A B AR L BE 2 B R R B
HOHUE S B T 0.1 Z I 2 80 E 8O R R
PR R AL RE B g L 7 A Y R R B B ) R R
OB B FE B S O S ARLEE S R 0
B B A R AL B Sy — . FRATT AT LA 5 1 4% i S 8K

BEBERRELGE R, B 2 BRREBERT LN 4
] LA 0 BT s L 115K PR AR AR P A R AL
oo 9 A2 AERX BT AT L WAL S
BERO.7.

K2 JRWERI

4 H=PHEEE

FUG PF S T LB S ) 24y 2 2 — L 3
HHT A 1k WP E AT C 248 v 2 A 8008 1 £ 5 K
BBz IF U T — 2 g o) AR SO B Sk
FELLAL S PHEZA D 1) S EE DU UL BRAL AL :

(1) FIH Lowe [y SIFT 2= B E {4 1) SIFT
FROE AL A FLANN library Xt B4 [8] (1 SIFT %¢
fiE s ZEAT DT .

(2) B AF S IS IE . #) ) FLANN library UG B &
& 08 1Y RE AR . R T MR 6 DR G YRR AE S A
RANSAC 52 At 1 5 b7 J B

(3) R4 VL L fr R34 %S Al RANSAC S35 A 80
I 4 B4 (homograph matrix) » 3+ H 58 %58 il 25 # (war-
ping transformation). 2 It , FE4S 19 BF 2T FE 45

K3 2R PR — 05 I 3(e) 1A 3(a)
BN 3Cd) 3 4 3R I Fr P42 0 B M\ e 48 1Y DF 4 45 R
AL FRAT Y 5 R g 9 I R DR E.

B3 st sl



6 FIDTESF - AR PR R G T 2 T EIHR TR 19 55 20 i e ms 1251

5 BEGHHEPRIENS o B H

TEA T h o FAT] 322 43 42 1 A PR T 25 23 TG
HLH - A 45 2 T BUE 9 23 BEALH WPM A1 T 53
FME R 53 BEAL T SVPM. A< SCHb i) 1 57 43 e AL 11 4
HeA R AU 2o < R U T BES R I AR AL AT
% - IR H R i 5 2 45 8 T 7 4 3 e — e $ i
BT EAR TR A9 57 0 e 75 5. TR 5 B A
BRI AT 55 (9 v R R R R R (AT 4% o
OB L AR RO 7 B L U U 2 S R
R A SCHR IS B 55 20 TEBIL A 9% BEAS ] Y
Vel 4 o ik 32 a2 A T ORI 4R Do I AR Bl PR R
JoEE % LU B 52 B 55 O T
5.1 EFRUERIEZ 2 B H

A A7 5 PR o A R A et 2L i A A
PRI A UL AL SR RE) Ik T B RE A8 1l 5 TR 4
P2 F EARAE. e PR RAA L B R AR
Bl id SIFT FAE £ EAHERCH) SIFT 4R W]

R AR AR )05 5 DR 0 AT 4 8 36 1 (R 1) T
53 7 BEHL] WPM., BIFEL R 1 #8023 A A 80k
fIE RO 2 A S AER 4 B 1 5t 18] P A 4 AR
SRR Y 50 P 5 A PRI A R 5 i —
St U2 R T 55 58— VA LI A 45 D) 32 O T 25
1 Z ok B R LR A L R 7 e Sk

C=>c, (D
k

o= =1 2)
n

Horb o d FR AR R BT 55 n R R ZRFAIE AL
BAEZ kI A b

TER 4 25 07 rb Co) i () B (D 3k 4 5K ]
PR AL e rp 42 R REAE 23R A AR R . 1L
FHVE B 19 5 AE s HTAR R AR 2. R 4% WPM 4 7y
B R AE AR 4 m 7 o BRR I 13 R A
BEASRFAE IS5 D 1/13 . 9 B4 AL A I 57
PR A e A B . Bl B 4G 1

1 1

W 55 3><%+4>< <T3><§>-

P4 T AR TN 57 53 S A9 52 4]

5.2 ETEEAENMESENE

HE T RE 1 B 55 43 BE AL i SRR T T, AT R
ARV o (H TGk [ I 2 — 2 b 2 5T, 451 4

(1) X4 5 PF 3 T8 5Tk 10 2 5 & J0 ik 3R A T
35, Bl Ph 2 5P (Dummy).

(2) Z 5H A5 19 55 Z R4 T 5 DF e ) 8
T B A R

(3) X1 5 PR STIRAR [F] 9 2 15 38 1 24 3145 A1
() 9 55 o B X R

D EHEFIEFE SN TIEE5 .25

TEVZAT: 55 AR 15 B I 55 B >4 %6 T HAE 24 %5
AT 57 2 s B AT ik

B SE B A 4 AR AT H BT R T E
- EL Y P 55 43 i AL SVPM. B 3% F| {f (Shapley
Value) " e b — AN S 2 HW S, &
i i A IR (player) XF I AT 55 B 480 9 5T ik
e 28 4y B AT 45 B A5 ol 25 L BRBC R ik 25 5 &
18 BT R BE B E L. 3k 5 AT A T 55 43 i SR AEUAE — 3K

ERFPEM ST . S 5EE L N6 RER
Gk AR B 55 . 1M 2 5 3 PR Ak 0 [R5 o B 22



1252 it "

Hl

Y,
&

i 2021 4F

gt 2 X 4 b VA AT 45 7 A 1 TR T 25 S
PRI s FRATT 25 58RI P 523 ) 3 1 A1) 1 o R B
FEARE TR B 4y B 5. AT A n A3 5K
N={1,2,3, . n} MEEEZAN S5 & UK —4
B Se NLIRATH oSO FEB S o i f Al 5 3k
) 5 VR 7 A A0 (L B0 5 Y DR 5 SR B @ R B
WS TR BRTTERE E U v (SU i) —o(S), i
EE'E" 1) B FIE AR BT S 5 00 B A B 0 R
DUER 1T B AT

= > 5] '<"_‘S‘ DL osUin —os»
e (3)
H =8 (3) AT A% Gt 119 5235 R E A A B i, B 7 AL
KA REMECBR L 29 n ). 24 n>>10 B, n!— oo,
RS FE A0 BN Y P R R I A AR A R B TAE R R B
K HY s HMELLAE 22 350 B a] N 58 AR
PRI, 3R A1 2% s 2k B AT e A o S 3 B g B2
WRME > B Chn NS5 F A T RE A
H.WC) =n). 2 5% i fEBRE S w1 31 R BTk Bk
Xl MC,=o(SU (i) —v(S), P VST N\ {7}
S5 i RS FIER ol BEHL C ':F'LHX*
DHEF E S v KRS R B TS 5 A
HAC K befy. B, EBRER v by B3 PR DT RR 2
MC;=v(befi,U{i}) —olbef). BEHLIEE M ¥, 4
E’JJ‘ETLJE%%MEW%X?@
¢! f]\—/[ D ilolbefy Uit —oulbefi)]

rec

HARB LT
Bk L ST ROPLARE % 30 o) 5238 A 50k
A BEPLIAE RO MLBRBAE S C. 2 5E N
Wi th 2 5% M B A o
1. Vi€ NG il br sk 238 FIE.
MC; =0, ¢/=0
FOR j=1 to M.

BEHLNEE B 5 A C tht B — k3 y

FOR all i €N

MC; +="[ov(bef, Ui

END FOR

j=itl
END FOR
FOR i€ N

MC,
M

11. END FOR
12. it o

4

i})—v(bef,)]

© [e) ~ (2] al e~ w [\

10.  ¢i=

R4 ESCHE Lo(ORBRE S h a2
& IR G AR A B U L. T S DAL 55 b FRATRY
Z: 55 77 A B (B A6 DF 3 B v i R RURAE R
RIS EC R SIFT RRAE 2S5 E.

N ) 52 2% B2 A A ARIE B0 1m0, FRATT E 2 4
FET MR GAEB R FE T X 2 258 53001 &
Foih b gk » SO 1) 52 2% BE 9 OCMIND. J3 51 % &
YRy A— BT AN 2 NS5 E K
I it BT £ B[] 52 2% BE 2 2 /T OCMIND.

A2 53 10 5% FE 5 p 90 XH

(EN. p—F
ViEN, p k;\‘soﬁp
Horpr, P FOR PFEAT 55 09 B .t Sh o AR 48 5238 A1)
{EL A 1 T AT 0 B 2 g0 B2 2 b3 O AR

FAT 2ok AR A GO 4 5 b TR Y BT
R B R W TR BT A O R0 R T IR RO A Y T
55 o Be ML AR B2 4 B 7 X s 2
55 A v o A Y 6 A 5 v o R R Y B R BR
8 JoT St 5 T MR R AH A A 0 OC R L DT MR R L R
B PR 5 B . 2 5 3 i o AR RS R IR 4
b B A FAT 55 FE A i DK B Y IR R SR A
/o oL R EE RS IR 2O 2 HE Y BE AT DL Sk
Jo e 1 BB L AT DL 22 5K R 77 A A (] BT R BE 19 4R
Jit it B A

(5

6 SLIGFNLHER

TE S50 78 73 F AR 4 i B 55 23 AL R S
S5 0E , VCG (Vickrey-Clarke-Groves) 28 4% 4t 4y
W J7 A0 HE A, AT WA 23 BE AL A A P RE R B 1
FRATN AT — SEVF N I5 b5, 48 7 P
PR SRJG ARG TE A 38 Br . FRATT 45 AR N Y 4 SR AN
I3 .
6.1 FMNIEHR
FAT A BRI 57 43 BC AL 1 BE 36 2 LR JL s o
(D) 2. 28 2 1 57 43 BC v AN A s ik 1)
JBYE. S S5 E A BREG —- A G H
A5 FLAT H AR T TG 3 R A P-4 T JE U £ T 57
PRI RS 5 E NS SR X 8L IRATH
2 A IR 2~ PEE A R PR A 23 L 7 k.

(D Jain’s fairness index 2 i & 43 Bt 5 & 2 F



6 FIDTESF - AR PR R G T 2 T EIHR TR 19 55 20 i e ms 1253

PER— A>3 S 47
(2)

=

n >, at
Hrp JEAT 01 ZRELE8EE T 1 ARAF1E
o=

(6)

@ (Entropy). fE & A M5 B Z )5 th T
HBRWe T —RE A PR RRAE . — Se 0 5 3 HAE
DT B Y — Rl Oy XUV B H (P B
A DAy 2 S P 1 JBE A b (AR AR 2 P .

n

H(P)= > p:log.p;" <)

H P={p1sposees p ) RS HHRT T .

(2) Bk 10 F5 19 20 IE R W W 25 A 52 M 7 4
8 FY 52 080 5 TE 2 1 A 8 A0 R 1 1 P 45 M A
6.2 EHKE

E 1 5 B R AT 55 v ATl 3 il {5 2 4R
KATSHERGBEEL IFNERE I SE T 104
N Z HEFRAE 22~28 % Z [ B AITHRH3E %l
AR EL TAR R8T T HL AT JF R 2 5 i AT
% . 2 5 HGER LR E K i 58T IR AEAT
5 180 L I [] FPRE SR 4 B 48 2 sy AP 5. 181 5 2
7 i 14 2 LT AL 2 5 3 0] DUREE APP (94518
P52 Bl I 58 AT 55

Illﬁﬁgll ok el

Task Description
9 Image Selection
Account Tasks fmegetiiosd
Task Description
=3 Image Selection
g ©
= Image Upload
Reward: Seltings
o7, Task Description Task Desi
0008 Y
@ m hw Image Selection Take photos
=’ image Upload
Select from album
Cancel

P 5 RO SR A LT S T

FATHY I AR R G Python SE 3. R F &
BATAE MR 55 & b IR 55 48 $1A 2. 2GHz Intel Xeon
Gold 5120 4bF &%, NVIDIA GeForce RTX 2090 Ti
K 64GB WAF, H Hiz 17 Ubuntu 16. 04 LTS #t
VERGE. T 1 F AT 55 2 KA BUGCR R AE 55
I FH AR AR 52 18 A S 9 4 O AL 90 T 55 4 TC AL 7
KI5 42 5%,

AT ET 5 MBI B BIEEEE
10 3] 40 FKAZERE F.
6.3 LWHERITMH

FEAT H FRATTHE 3 F R 4R S (PR 48 A, 2
17 22 41 S 56 >k S TE TR AT A% T 57 43 BC AL ) %) AT A P A
Bk, B %6, Fe 1@ 1 Jain’s fairness index Fll{E
I A7 2 T 55 43 PCATL A 5 T A2 ST g D )

Bl 6 &7 #43 Fe vk . VCG . WPM #l SVPM
DA T3 7k AE 2 S PE T T 45 SR B L AR S Jain’s
index f¥5€ X, index FEHOM . WA PP . H
AT UL, FRATT 4 S 14 3 FA(E (WPMD FLE F 5235 )
B (SVPMD) 5 RAEA P BT VCG. HAH T
WPM.,SVPM 7 AP M B R B E B R,
WPM (145 5L i sh ki K. R EJRH7EF WPM A
By B TC T P Lo B 7 R A O M. WPM AR 5
B b A BURHIE A7 2K 7 1 43 BE M 55 B R AE
SR ST 55 At B i AR TR R AE s 2 R 4 AR
B B I A A [A] P4 8] A 7] 7 AE 53 7T BE A7 7E 1Y
P22 5% MG — 25 T V- B 00 Be. A [a] 1) £ 40 48 1] 1
FRAE s 22 BE A A A A L R Ut 2 3K Jain”s index 487
FHNBEE MW . 2 3 FIEE SVPM A
it bR ARG S 5 WA S5 1 5Tk B R 43 T ST 55
B R 1A [ S 36 S R R P 2 5 b R A Rk
XA ANIEARNT R S5 1 95 i 4 5 H ot
HR B B HE ] o DRI 2 P P dR b B R AR E

—— Avera‘ging
-4- WPM
-8 VCG
-©- SVPM
1.0m » - . .
%
—é’:) 0.8F= = R B AR
=
.£0.6
<
- CAL o
0.4 RaEThN )
° ~X e
o E o
0.2
0
D1 D2 D3 D1 s

Datasets

6 Jain’s index %53 %} kb ¥

UEAh, B 9R SF 2 43 i (Averaging) 19 28 F 4 #x
1 AR P 3 70 BE T JF A 5 R A 5K AT 7 i 5t B 4
4 TR T ] 5P K T A 1 R Y S kO D A [ £
KB T IRATEZ 5 & R 57 55 ST 515 1 9
WYLl BE 2 B EORE TUAR B AT 18 e 5 e
i 55 i 14 A B 2800 BT AR N UL L FE LU 2 5
R R KO O H R AT B T L F 2 23 N



1254 it 23 Hl 2% 17 2021 4
A ). RIS 5 E R ER W Tk B 97 . 2 581

L7 J2 0O A Oy s R TS S VR R 2 7 vk
WRrSIVESE DO A TR ERS R D A IS B = 5
TR B, R A P PR an B R, OF 1 0 i
(Averaging) (15 B0 i i » £ 202 B O 78 F- 24 43 it
F 2 538 09T 55 I 48— 19, ik T d ROM D B AT 1
t UM R 1 R A KL AR T L ST 34 4 T R o AT
A SR AR A B8 BT RN BT R R 43 TG A 55 i ik AR SR
LM R ATEE 09 EEF AUE (WPMD A 3 F 2 5 F
fH (SVPM) 1 J7 i 02 53 A8 T 1% 48 VCG 1.
t . SVPM (28 - P S5 #2307 2 0 B R B I
V- PERAR . A 5 AE T SVPMAE 43 Bic I 57 I

500 R
] TR S BN
4.0 et e SN
a5 g SN &
" L Ne—e=
23.0 e ?
S .
Z25 .
3 »
2.0
1.5
L[ —— Averagin,
Lo ZomweM e
05H - VCG
0 —x--SVPM
D1 D2 D3 D4 D5
Datasets

% 7  Entropy 45 %t H ¥

0 5 10 15

20
Images

(a) FT R AUEERIN 7 7 Be s R

25 30 35 40

P 55 55 G BT kR R e 4 T SVPML v B sK R % 1 BT
kR B E R [ S AL A R M B BTk Y o 24 1A
H T R4S 58 5PN EUR R TRt > H A
ZREAL B L B9 5k YR AE PR AT 55 0 A i B
VEF S 3 A S AT A Tk B 22 BE A/, BT 43 T ) T
95 B AT R L 7 £ R X — 2 PR AR T RUE
B AR

PRR T ST 4 e A 2 S FRATT S IE AT I
D7 e A A 2 IG5 R T SR 1
T FATEBIGE P A 3 5K 515 B4 o g0 ok
AP F  FF TS AE TR AT T 55 43 T 5 3 F 45 R Y
T 57 .

B8 JBL TR AR SCHE 1 W Ay 75 SVPM
A WPM 3 17 B 57 43 B (0 45 51 AR AR 3R %5k
F BB A AR AT 0 T AE S e o L. FRATTAE 38 5K
BR BB I T 3 5K TC 36 1 1 AL o il A
%45 7.26 F1 30, Qi 8 Fran .3 5K IG5 A A M
55 B % AR 55 43 e (4 S A JEARL, Y UG 5 o A
TR R I D0 2 . =k T RO R S 1
SRR AL TR B L DR L BN O T 57 T L 4G
L BT RAAS B FRATTA 7 A 5 32 TC S B i s, B
&R

0.06

2
o
31

o
o
=

e
o
S

e
o
)

Reward distribution (per unit)

e
o
—

=]

Images

(b) T BUEERI ST /Bl

P8 M55 o3 Ty vk i0 65 R 1 O R 4 R

7 3 g
7.1 HRE&TE

SR TRAT A B 1 B 57 e 14 75 B 2 5
R B VR TR T 0T 2 PRI A S e Tk A TR
HICTE 58 4 ML 35 T8 4 50 1 B 3 PRI AR 3k 8 B 3 ]

AL X R G0 7™ A 1R T P 1 5T 52 ) 38 23 TR 2%
ARG GEUR. H I AE R PR 1 T B Rt
B X — AL UL B L H R TR R G ) i
B R K NG RS G P A B AR
R R S o B4 i EXTIF {E P iy GPS {5 &, 5
% BB I 15 7 5t TR R B DI A o IR 10 3K
TR, 15 5 AN AR SR A X350 DU oA Oy 5 3% TG AR



6 FIDTESF - AR PR R G T 2 T EIHR TR 19 55 20 i e ms 1255

PR LU, Al ad 5 e e AR 4 5 1) A ROL A5 B
BIOR VP IZ S50 T 4F 54 55 5 5K 4 BROL B AR B
B R S W PR R N A 5 1 SR A AR
BN E b R EAR.

BE AN L R B B 35 G X 2R G5 3 R A 7L T R TR
LR R EIHAE . AT M S 8 T2 58 — E Mk
O Sk 40 A B 4 A T 58 BT 5 O i
T RREENS 5% IR Afr kS 51
5 5. CHRLAL B 7R AL AR AR Y
A ARG (AR (belief value) &5 K £ #24L R
[7i) 7 22 A48 0, LGSR D P AR AR R e B3R K
BAER GG I B BB F @ IR A B . IR 2 5 5 2
FWOL R I, FAT B T g — AR A A, EOK
Z: 58 J BRI B B3 R S AT T 4 P AR R
Z5HENEEITA.

7.2 BN ELHLEI BT

BERS 4o PR — I 55 JAT 2 3k T [
TR I 55 3 BE AL, 32 RO TR DR AR
PR 4R 1 557 P AR I 38 380 A [t LE o, SR B A St A
B RT RE G ARG AR 45 2K DA S 2 5 R A 0 BRAE
1255 AT 5 OR B AT 55 i i BB M 4 1 55
I FeAT 2 i 4 e O I X 2 5 A RS A
T 55 R SR 2 5 2 BT A B 557 R
S AN TR A, FRATT B T R 5 i R I 07
Sy BCAIL] I ELE i P 500k 42 5t IR A 1Y Tt
R E O Ak R . L H R D TR RN S 2
55 R R B Y N4 BT 55w ok EE Y [ D
AR IR R Y

A SO BT A I 5T AL R BT T A A g
. T 25 23 TG v v B 3 Y IR AR o i Al 5 LAY 4y
TC 5% WS A A FE T % 4 5 T A A 1 BTk 5 Y .
IS FAT 0 B 57 73 PE SR W < e OB T Bl 4
Pl ALy A 5 N AT 4. 29K B T B30 o = ok 43 TC T 57 1Y
JEUAE At ] DA T 380 HCAth 198 107 P o £97] o e 7 50 A0 R £
2SRRI R AR A H R BRI B B ik S
P 55 BIL ] B AR A AN 6] 8 AR B 37 5 AR 55
AT B Bt
8 B &

TEASCHp JAT 82 s A A% 3l Ax A0 i AR X
R 4R MR BCHE DA 2 4 55 L A i 5 oK. % B 3
RZHZ5FH ZHAC 3 L3 H Tk 348 0 6% 97

Bl PR FRATT 3 o B 57 0 7 B 2 5 E I AR
AL 5. WAL F I8N S 5 H AL & 7 TS A 7E
2. e I G A R T A e b 1A i A1 T
g aBie s ENERSR. TS5
P v B A AT IR B R R 5 2 5 T
95 A G i R B ik T IR R Y I 97 43 B AL
il o B3 T AU (WPMD I3 T 53 R {E (SVPMD Y
T 25 43 FE ML 3R AT 38 2 AN W) A 181 R o o Ak T B
W 2 5 & sT ik, Of o8 O 57 23 e, B e AR
WPM #il SVPM 5353 Be fl VCG 45 4% 48 43 i 5K
WA LA, X e 5296 R W FRATT 0 5 VAR AE A PE R
By T T AR B8 0

2 % x #

[1] Chen Xu-Xu, Zheng Yu., Chen Yu-Biao, et al. Indoor air
quality monitoring system for smart buildings//Proceedings
of the 2014 ACM International Joint Conference on Pervasive
and Ubiquitous Computing ( UbiComp). Seattle, USA,
2014, 471-475

[2] Dutta P, Aoki P M, Kumar N, et al. Common sense:
Participatory urban sensing using a network of handheld air
quality monitors//Proceedings of the 7th ACM Conference on
Embedded Networked Sensor Systems (SenSys). Berkeley,
USA, 2009 349-350

[3] Maisonneuve N, Stevens M, Niessen ME, Steels L. Noisetube:
Measuring and mapping noise pollution with mobile phones//Pro-
ceedings of the 4th International ICSC Symposium Thessaloniki.
Thessaloniki, Greece, 2009: 215-228

[4] Yi Chih-Wei, Chuang Yi-Ta, Nian Chia-Sheng. Toward
crowdsourcing-based road pavement monitoring by mobile sensing
technologies. IEEE Transactions on Intelligent Transportation
Systems, 2015, 16(4); 1905-1917

[5] Biagioni J, Gerlich T, Merrifield T, Eriksson J. EasyTracker:
Automatic transit tracking, mapping, and arrival time
prediction using smartphones//Proceedings of the 9th ACM
Conference on Embedded Networked Sensor Systems (SenSys).
Seattle, USA, 2011. 68-81

[6] Frohlich S, Springer T, Dinter S, et al. BikeNow: A pervasive
application for crowdsourcing bicycle traffic data//Proceedings
of the 2016 ACM International Joint Conference on Pervasive
and Ubiquitous Computing (UbiComp Adjunct). Heidelberg,
Germany, 2016: 1408-1417

[7] Hu Hui-Qi, Li Guo-Liang, Bao Zhi-Feng, et al. Crowdsourcing-
based real-time urban traffic speed estimation: From trends
to speeds//Proceedings of the 32nd International Conference
on Data Engineering (ICDE). Helsinki, Finland, 2016: 883-
894



1256

it "

i 2021 4F

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Mohan P, Padmanabhan V N, Ramjee R. Nericell: Rich
monitoring of road and traffic conditions using mobile
smartphones//Proceedings of the 6th ACM Conference on
Embedded Network Sensor Systems (SenSys). Raleigh, USA,
2008 323-336

Dong Jiang, Xiao Yu, Noreikis M, et al. iMoon: Using
smartphones for image-based indoor navigation//Proceedings
of the 13th ACM Conference on Embedded Networked
Sensor Systems (SenSys). Seoul, South Korea, 2015: 85-97
Zheng Yuan-Qing, Shen Guo-Bin, Li Li-Qun, et al. Travi-
Navi: Self-deployable indoor navigation system. IEEE/ACM
Transactions on Networking, 2017, 25(5): 2655-2669

Chen Si, Li Muyuan, Ren Kui, Fu Xin-Wen, Qiao Chunming.
Rise of the indoor crowd: Reconstruction of building interior
view via mobile crowdsourcing//Proceedings of the 13th
ACM Conference on Embedded Networked Sensor Systems
(SenSys). Seoul. South Korea, 2015; 59-71

Chen Si, Li Muyuan, Ren Kui, Qiao Chunming. Crowd
map: Accurate reconstruction of indoor floor plans from
crowdsourced sensor-rich videos//Proceedings of the 2015
IEEE 35th International Conference on Distributed Computing
Systems (ICDCS). Columbus, USA, 2015: 1-10
Gao Rui-Peng, Zhao Ming-Min, Ye Tao, et al. Jigsaw:
Indoor floor plan reconstruction via mobile crowdsensing//
Proceedings of the 20th Annual International Conference on
Mobile Computing and Networking ( MobiCom). Maui,
USA, 2014. 249-260

Wang Yin, Liu Xue-Mei, Wei Hong, et al. CrowdAtlas:
Self-updating maps for cloud and personal use//Proceedings
of the 11th Annual International Conference on Mobile Systems,
Applications, and Services (MobiSys). Taipei, China, 2013
27-40

Peng Dan, Wu Fan, Chen Gui-Hai. Pay as how well you do:
A quality based incentive mechanism for crowdsensing//
Proceedings of the 16th ACM International Symposium on
Mobile Ad Hoc Networking and Computing ( MobiHoc).
Hangzhou, China, 2015; 177-186

Jin Hai-Ming, Su Lu, Chen Dan-Yang, et al. Quality of
information aware incentive mechanisms for mobile crowd
sensing systems//Proceedings of the 16th ACM International
Symposium on Mobile Ad Hoc Networking and Computing
(MobiHoc). Hangzhou, China, 2015; 167-176

Zhu Xuan, An Jian, Yang Mai-Shun, et al. A fair incentive
mechanism for crowdsourcing in crowd sensing. IEEE Inter-
net of Things Journal, 2016, 3(6): 1364-1372.

Zhou Peng-Fei, Zheng Yuan-Qing, and L.i Mo. How long to
wait? Predicting bus arrival time with mobile phone based
participatory sensing//Proceedings of the 10th International

Conference on Mobile Systems, Applications, and Services

(MobiSys). Ambleside, UK, 2012 379-392

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Lowe D G. Object recognition from local scale-invariant features
//Proceedings of the 7th TEEE International Conference on
Computer Vision (ICCV).
1157

Kerkyra, Greece, 1999; 1150-
Ruiz-Correa S, Santani D, Ramirez-Salazar B, et al.

SenseCityVity: Mobile crowdsourcing, urban awareness,
and collective action in Mexico. TEEE Pervasive Computing,
2017, 16(2): 44-53

Raychoudhury V, Shrivastav S, Sandha S S, Cao Jian-Nong.
CROWD-PAN-360.

Crowdsourcing based context-aware

panoramic map generation for smartphone users. IEEE
Transactions on Parallel and Distributed Systems, 2014,
26(8): 2208-2219

Yang Shuo, Wu Fan, Tang Shao-Jie, et al. Good work
deserves good pay: A quality-based surplus sharing method
for participatory sensing//Proceedings of the 2015 44th
International Conference on Parallel Processing ( ICPP).
Beijing, China, 2015 380-389

Yang De-Jun. Xue Guo-Liang, Fang Xi, Tang Jian. Incentive
mechanisms for crowdsensing: Crowdsourcing with smart-
phones. IEEE/ACM Transactions on Networking, 2015,
24(3): 1732-1744

Wen Yu-Tian, Shi Jin-Yu, Zhang Qi, et al. Quality-driven
auction-based incentive mechanism for mobile crowd sensing.
IEEE Transactions on Vehicular Technology, 2014, 64(9) .
4203-4214

Wang Jing, Tang Jian, Yang De-Jun, et al. Quality-aware
and fine-grained incentive mechanisms for mobile crowdsensing
//Proceedings of the 36th International Conference on
Distributed Computing Systems ( ICDCS).

2016 354-363

Nara, Japan,

Liang Dan-Wei, An Jian, Cheng Jin-Dong. et al. The quality
control in crowdsensing based on twice consensuses of
blockchain//Proceedings of the 2018 ACM International
Joint Conference and 2018 International Symposium on
Pervasive and Ubiquitous Computing and Wearable Computers
(UbiComp/ISWC). Singapore, Singapore, 2018: 630-635
Cheng Long, Niu Jian-Wei, Kong Ling-He, et al. Compressive
sensing based data quality improvement for crowd-sensing
applications. Journal of Network and Computer Applications,
2017, 77, 123-134

Han Kai, Huang He, Luo Jun. Quality-aware pricing for
mobile crowdsensing. IEEE/ACM Transactions on Networking,
2018, 26(4) . 1728-1741

Mashhadi A J, Capra L. Quality control for real-time ubiquitous
crowdsourcing/ /Proceedings of the 2nd International Workshop
on Ubiquitous Crowdsouring. Beijing, China, 2011. 5-8

Li Qin-Ya, Wu Fan, Chen Gui-Hai. An efficient, fair, and
robust image pricing mechanism for crowdsourced 3D

reconstruction. IEEE Transactions on Services Computing,

2019, online



6 FIDTESF - AR PR R G T 2 T EIHR TR 19 55 20 i e ms 1257

[31] Everitt B, Landau S, Leese M, Stahl Daniel. Hierarchical
Clustering. In: Everitt B, Landau S, Leese M, Stahl D
(eds) Clustering Analysis, 5th Edition. Chichester: Wiley,
2011

[32] Rokach Lior, Maimon Oded. Clustering Methods. In:
Maimon O, Rokach L (eds) Data Mining and Knowledge
Discovery Handbook. Boston, MA: Springer, 2005

[33] Brown M, Lowe D G. Automatic panoramic image stitching
using invariant features. International Journal of Computer
Vision, 2007, 74(1). 59-73

[34] Szeliski R. Image alignment and stitching: A tutorial.
Foundations and Trends in Computer Graphics and Vision,
2007, 2(1). 1-104

[35] Shapley L. S. A value for n-person games. Contributions to
the Theory of Games, 1953, 2(28): 307-317

[36] Narayanam R, Narahari Y. A shapley value-based approach
to discover influential nodes in social networks. IEEE
Transactions on Automation Science and Engineering, 2010,
8(1): 130-147

[37] CastroJ, Gomez D, Tejada J. Polynomial calculation of the

LI Qin-Ya, Ph.D. student. Her
research interests include mobile compu-
ting, crowdsensing, and algorithmic

game theory.

Py

Background

Panoramic stitching is an important technique for the
construction of panoramic maps. A large number of images
are crucial to the success of panoramic stitching. Due to the
difficulty of image collection, in this paper, inspired by the
extensive use of crowdsourcing, we adopt crowdsourcing to
accomplish image collection tasks. Nowadays, crowdsourcing,
as a novel cooperation mode, has been applied in many fields
and attracted many scholars’ attention. Generally, most of
people are selfish and unwilling to work for free. Hence, in
this manuscript, we mainly focus on studying how to
motivate people to join image collection tasks and guarantee
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participants proper rewards. We incorporate image quality
into the mechanism design and pay participants based on the

quality of provided images, i. e. , the higher image quality.
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the more rewards they get, which can reduce low-quality
images and are beneficial to generate a clear and accurate
panoramic map. Unlike traditional reward distribution strategy,
in this paper, we introduce the quantification of image quality
and an image redundancy solution in the case of panoramic
stitching. Besides, we analyze the basic properties of a fair
and proper distribution mechanism and design practical ones.
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