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Community service-oriented spatiotemporal crowdsourcing
task allocation with role awareness

XU Jingru, DONG Hongbin, ZHAO Bingxu, JI Ruohan
(College of Computer Science and Technology, Harbin Engineering University, Harbin 150001, China)

Abstract: This paper proposes the community service-oriented spatiotemporal crowdsourcing task allocation problem to
adapt to the limited amount of delivery boxes or collection points in community crowdsourcing. The articles will be rel-
atively delivered to the ground in real time according to the user-defined time. This paper proposes a PQGR algorithm
based on greedy allocation, a PQGM algorithm based on the GMRACRA method, and a PQGMA algorithm that further
shortens the running time to address the aforementioned problem. This algorithm aims to realize the objective of deliver-
ing high-value order sets by workers with high qualification value through the formalization problem of E-CARGO
based on the role cooperation model. Considering data processing and quantification, a new role perception method
based on kernel density clustering is proposed to realize effective task division. The places-qualification-based
multistage quantitative model of an agent is proposed on the basis of learning and forgetting curves to realize online
learning and adaptive updating of agent location qualification value. Finally, experiments on gMission and synthetic
datasets are conducted to verify the effectiveness and efficiency of the algorithm.

Keywords: community service-oriented spatiotemporal crowdsourcing; task allocation; E-CARGO; role-based collabor-
ation; kernel density clustering; role perception; learning and forgetting curve; multistage quantification of site qualifica-

tion value
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®%3 PQGREX

W\ Tasks, P, A, AP_list[][], mink, maxh

WL T max

1) F — R4 PQMQM (4, P, AP _list) B Rk 15
TR

2) For / in [min/, maxh]:

3) R—#R 4 RPA(Tasks, h, P) B35 K13 X711
PN S

4) me—A TR PREL, n—R P Y F 05K

5) TR IR A 42 0 1% 43 e AR 1

6) For rin R:

7)Foriin[0, 1,2, -, L[r]):

8) For a in A4:

9) B — A G S 1Y b AT AR B K Y
;1

10) End for

11) If BAT 755 SRR AU

12) YRS 12 Sy €, 2 B8 803 L S B 1 7 33

13) Break

14) End if

15) 4 ff1 €0 53 e 25 AR B 58T 43 B A B T

16) End for

17) End for

18) End for

19) T oy —HA TKRHAR G T

20) Return T .,

42 EF GMRACRA HIfER T %

R A A5 e b AR A AR 25 5 1 s A (L 1Y
F L, A SCR T T b AR 1 ) GMRACRA
41l 777 (places-qualification-based GMRACRA al-
gorithm, PQGM) .

EX 12 RIEE L 1~11, BAEQ. L. L*. R°.
A T, PQGM 572 72 i 57 GMRACRA Jr5 % 4%
B = ATH) TR LM e RA M A o 78 E X
wr:

m-1 n-1

maxo":ZZQ[i,j]XT[i,j] (10)

i=0 j=0

T[i,j]€{0,1}(0<i<m)(0<j<n) (11)

m—1
DTl jl=L[0<j<n (12)
=0
n—1
DTl =L (1O <i<m) (13)
=0
A€ [il?iZ]x(T[ihj]+T[i27j]) <1 (14)
O<i#i,<m0< j<n)
R [ji, p]X(T[i, i)+ T i, D <1 (15)
O0<i<m,0<j, # j,<n)
Horpr, 20(10) 2 ML iy H br I KALAH 2L 4

KD 2B R FETHUE R 0-1 295, K (12) %
TR R A T AR B A A AR B, R (13) &
NG R AVEL N B R R N s BU R R e R R )
Rl 20 (14) PR IE 3 [F] A& P — A 0 P A~ s 2 A4
RILZ A A o, 215 BRIE— AR HL T &
A A o 2 (B N2 A vhae .l ) BUEEASE, CSSC
[ IR B, T —A~ 01 ZePERLRI () 25, ] LA ) IBM
ILOG CPLEX T.Hf (CPLEX) ™" 5¢ U4 i
VEZHEENX 1E GMRACRA J53: T CSSC
[ REAT TT AT Al 1) Wb 2 25 A 45 AR L T 7 AR B
ME/NFEARH MR ILRE S EZ M, = (16) i
o TEAFZEAR G (14) A (15) 1Y 1E
XA A T LA B — A AT

n—1 m—1
DLl L (16)
=0 i=0
®L4 PQGM Bk
HIN  Tasks, P, A, AP list[][], mink, maxh
B T
1) F—H 4 PQMQM (4, P, AP _list) 3755k 14
BEAKR
2) For & in [mink, max/]:
3) R—H 4% RPA(Tasks, h, P) 812 3R 151 43 1y
itk
4) me—A FIREREL, n—R P A5
5) T—WI R ALIE 4R 0 143 BL AR RE
6) @=GenerateQualificationMatrix(F, R)
7) RC=GenerateRoleConflictMatrix(R)
8) AC=GenerateAgentConflictMatrix(4)
9) L=GenerateRoleRangeVector(R)
10) LA=GenerateAbilityLimitVector(4)
11) T=doAssignment(m, n, Q, AC, RC, L, LA)
12) End for
13) T 1 < T which has best performance
14) Return T .,
AT s 4 s o i A 558 3
FA o Forp s L AT AR o ULV R A7 3 7, 5
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Fig.3 Flow chart of PQGM algorithm
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Table 1 Time and location distributions of orders

1255 HJ{]/min (OATH e/t
t 0 (32,70) 41
t 4 (21,22) 22
B3 7 (82,13) 10
ty 8 (55,85) 33
Is 8 (57,93) 65
ts 9 (65,75) 48
t; 10 (43,65) 11
4] 12 (27,45) 35
Iy 15 (83,4) 19
tio 20 (99,21) 55
t 23 (94,41) 30
to 30 (34,59) 6
3 32 (30,8) 23
tig 32 (28,1) 41
tis 35 (44,14) 32

R2 WEBEMANEES T

Table 2 Location distributions of receiving places

P, P Py P, P;

(17,72)  (47,82)  (81,87)  (3440)  (75,17)

100 ¢
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W
(=)

0 10 20 30 40 50 60 70 80 90 100
X€E[0, 100]
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Fig. 4 Location distribution and role division of orders
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Table 3 The agent's place qualification value matrix

FRBE/Hb A, P, P, P, P, Ps
a 0.66 0.12 0.65 0.98 0.21
a 0.97 0.46 0.33 0.44 0.50
az 0.32 0.63 0.91 0.51 0.49
ay 0.43 0.31 0.72 0.96 0.21
as 0.17 0.55 0.56 0.59 0.79

R4 HIBEQEM
Table 4 Q matrix of qualification values

R/ r r r3 74 rs
a 27.06 5586 2394 18.84  99.96
a, 39.77  25.08 57.00 7222  44.88
as 13.12  29.07 5586 9891 52.02
ay 17.63 5472 2394 48.67 9792
as 6.97 33.63  90.06 8635  60.18

x5 PQGM EESDEIER T
Table 5 Assignment matrix T of PQGM

R/ e r ) 73 r4 rs

a 1 0 0 0 1
a 0 1 0 0 0
a3 0 0 0 1 0
ay 0 0 0 0 1
as 0 0 1 0 0
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CPU @ 2.50 GHz 2.70 GHz, Wi & &} 8 GB,
Windows 10 #:/E & 4t, JDK K Java 8.
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Fig.5 Trend of the number of tasks in gMisson dataset
over time

« tE[120, 150] - tE€[240, 270] + tE€ [360, 390]

100 -

I T
=) . i A L L
S 60 s *
= S o
U A0L ¢ o et <l
5N - o

200 &

] ‘x. ’.’x + .
0 20 40 60 80 100

X €10, 100]

B 6 gMission ${#EE R RE R EREZH RS
Fig. 6 Tasks location distribution in different time periods
in the gMission dataset
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Table 6 Datasets variable settings

2 BOEE
gMission{F-45- %47 100, 200, 300, 400, 500
IEAIT AL S5 EUT 500

T AEw) 12
u 15, 25, 45, 65, 85
o 3.75
Le [8,15]
T o 15
ko 1.1
Po 0.5
6o 35

X T4 OB 48, T gMission B 52 54 4
O ORI, S 56 v A AT 5 A6 R ) 35 40 4y
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Fig. 7 Group benefits of PQGM algorithm
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Table 7 Algorithm contract

KER7 PRk Al /s PQGM PQGR
T 40 0.25628  5883.14  5860.88
GAC 41 578.877  5889.57  5874.15

X T IE RS 4 A A 55 80 R 500, AT 55 I H LA u=
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% 5% RN 100%, PQGR JEH AT 55 5E R A T
98%~100%.
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