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Short-term maintenance operation start time optimization

based on real-time traffic map data

XU Zhe-pu', YANG Qun®
(1. School of Railway Transportation, Shanghai Institute of Technology, Shanghai 201418, China;2. The Key Laboratory
of Road and Traffic Engineering of Ministry of Education, Tongji University, Shanghai 201804, China)

Abstract: A real-time traffic status data acquisition method based on real-time traffic map was first
proposed, and then a method that can convert real-time traffic status into real-time traffic volume was put
forward. Based on this real-time traffic volume data and the classic delay calculation method based on
queuing theory, the delays caused by maintenance operations at different start time can be calculated, the
total cost due to the maintenance can be further obtained and compared, and therefore the optimal
maintenance operation start time can be obtained. The reliability of the real-time traffic status data to real-
time traffic volume data conversion method and the feasibility of optimizing the maintenance operation start
time based on real-time traffic map data are verified by actual cases.
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Fig.1 Main method of this paper
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Fig.3 Practical U~V model for expressways
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L R (E/ . S (E/
7% [pecu-(he 7% [pcu-(he
(kmeh™ 1) (kmeh™1)
In) '] In) ']
1 1040 67.7 7 1080 65.7
2 1100 65.1 8 1060 61.1
3 1080 61.7 9 980 62.5
4 1020 69.9 10 1060 65.1
5 1100 60.2 11 1000 67.1
6 940 68.8 12 940 65.1
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Table 6 Upstream volume data(part)

s A2 /[ peus e 22 it /[ peus e 22 i /[ peu-
(heln) '] (heln) 1] (heln) 1]

1 1800 5 1740 9 1860

2 1800 6 1920 10 1860

3 1740 7 1680 11 1680

4 1920 8 1680 12 1740
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Fig. 8 Daily traffic status of road where

maintenance located
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Fig. 9 Daily traffic of case study after quantification
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Fig. 10 Line chart of traffic flow converted from

real-time traffic data at maintenance

operation location
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Fig. 11 Layout of work zone
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Fig. 12 Total cost changing with different

operation start time
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Table 7 Scenarios studied considering impacts of

RGO = -

different quantification values

WA/ fhmscm/ /. P/

)
" (kmh 1) (peush 'In" ") (kmeh ') (pcush 'eln ')

1 67 1047 18 1911
2 63 1200 18 1911
3 70 850 18 1911
4 67 1047 5 2100
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Fig. 13 Comparison of optimization results under
scenarios considering different

quantification values
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Table 8 Percentages of costs in total cost
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Table 9 Scenarios studied considering impacts of

different maintenance factors

Y5 FRLEETE] /b VR XK /km R/ (kmeh ™) & P 4230 5L

1 8 0.1 40 1
2 7 0.1 40 1
3 8 0.5 40 1
4 8 0.1 60 1
5 8 0.1 40 2
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Fig. 14 Comparison of optimization results under
scenarios considering different

maintenance factors
+: NeEN
3 én Eﬁln

T — ol T S I 00 i PR 1 SR 4
M IF Rt RIS Tr ik o e, B TR T S

0 3L P 114 512 I 0 OB SR R T 3k s SRR L B TR
S % 190 SR e A PG R S T R Y 1 s R L B
TR HEBOIS SE R TR S RO, LI SRR
PR TFAR 5 18] A e AL o 3 e 552 P 52 491 6 E 17 52
5 B0 S A I A DA B R S O R AR R Y
APEEE B AIE T AR SCHR AR S I % D0 b P R
¥z A0 g ST N 5 3 i S H B R AT R IE TR T
S N S 10 M 1] 52 B R P 4 Ml O B B T Ak B AT
Rk o AT GE T AN B 5, AT R/ SR
PR B S FE R . AW ST A — A HE 2 ST
Je , T AR ORI AT S92 I it 0t 1] 540 ) T g% AT
L B S I AT E R IR AT R R T Tz R
FHAY 5L T HE BRI B9 S 152 3 55 2 B0 A 52 1k s 0 £
R A B A IRE , (9% 5 vk T LA A M R SR A R
ML) e B S R S 3 T R AR ) s
AR R EAEITE .

S g% 0 1 IR 28 J2 WLl PRT AR R I
BT RE , B A T TR B B SR LT AR A
wd AT R R P A ol phe 3 4R 43 g 8 o AT A A
F18 B30 A R, S R 3R P 1D 5 0 R S — R U
5 A G B SR 4R 2R G A B R SR SRR AR
IR AL 9 S PR T A

S E WK

[ 1] Committee on a study for a future strategic highway
research program. Strategic Highway Research: Sav-
ing Lives, Reducing Congestion, Improving Quality
of Life—Special Report 260[M]. National Academies
Press, 2001.

(2] WoRSC, tplbali, MRHAE, % JET T2 F i HE AR

P B AR L 22 P AL BE R [T]. 35 AROR 27 22 4l T i
2018, 48(6): 1685-1693.
Qu Da-yi, Yang Jing—ru, Bing Qi—chun, et al. Arte-
rial traffic offset optimization based on queue charac-
teristics at adjacent intersections[J]. Journal of Jilin
University(Engineering and Technology Edition),
2018, 48(6): 1685-1693.

[3] BhoRiR, XILle, MRty 55362 0 4 K 5E
e B R M A M (0], R OR B SE AR TR
2016, 46(2): 390-398.

Yao Rong-han, Liu Mei—ni, Xu Hong—feng. Appli-
cability analysis of vehicle delay models for isolated

signalized intersection[J]. Journal of Jilin University



K5

% 5

AR T R A U B 68 45 0 A P AE b T 48 B R AR AL

1773

[4]

[5]

[6]

(7]

[8]

(9]

(10]

[11]

[12]

[13]

(Engineering and Technology Edition), 2016, 46(2):
390-398.

LinHF, FuQ, Zhang HJ, et al. Influence of heavy
vehicles on traffic flow in highway work zone based on
delay analysis[J].
ral Science), 2008(3): 335-338.

Chen C P, Evans D, Schonfeld P M. Work zone op-

Journal of Tongji University(Natu-

timization for multiple—lane highway resurfacing proj-
ects with time constraints and alternate route[C] //
85th Annual Meeting of the Transportation Research
Record, Washington DC, 2006: 30-45.

Du B, Chien S, Lee J, et al. Artificial neural net-
work model for estimating temporal and spatial free-
way work zone delay using probe-vehicle data[J].
Transportation Research Record, 2016, 2573(1):
164-171.

Du B, Chien S, Lee J, et al. Predicting freeway
work zone delays and costs with a hybrid machine—
learning model[J].

tion, 2017, 2017: 1-8.

Journal of Advanced Transporta-

Lee H'Y. Optimizing schedule for improving the traf-
fic impact of work zone on roads[J]. Automation in
Construction, 2009, 18(8): 1034-1044.

R . A T X A 3 2 25 R B A
WS [D]. V4% KR bR R 5 TR B
2010.

Zhu Yong-guang. Optimization of traffic organization
&. work zone lengths in freeway[D]. Xi'an: School of
Materials Science and Engineering, Chang’an Univer-
sity, 2010.

W, Bl sl TR ARIML 3. dbal: A
RS AL, 2008.

Pokorny P. Determining traffic levels in cities using
google maps[C]//International Conference on Mathe-
matics & Computers in Sciences & in Industry,
Greece, 2017: 144-147.

XUBEZAS . kT S i i 0 Y 5l 3 ) 28 SR A by
(D] b mt: o #0258 I 0 5 5 0k U 2 B
2014.

Liu Yao-jie. Clustering analysis of traffic congestion
based on real-time traffic conditions[D]. Beijing: Col-
lege of Resource Environment and Tourism, Capital
Normal University, 2014.

EOT, EoCAL, BoUWl, 45 TS K O Y 7Y 22 52
WARIENESE[T). AR E e A AR R R, 2017,
47(4): 622-626.

[15]

[16]

[21]

Wang Qin, Xie Yuan-li, Duan Han-ming, et al. On
Xi'an traffic congestion based on real-time traffic data
[J]. Journal of Northwest University(Natural Science
Edition), 2017, 47(4): 622-626.

k4 . TR A APT I fif 2 M P Ak b 2 G5 [EB/OL].
[2011-07-02]. http: /www. jiazhengblog. com/blog/
2011/07/02/289/

VLU . e 07 gl 42 B0 Ay SE S RS A T D] 3%
B AR B 5 LR BE, 2011,

Jiang Bo. Estimation of real-time traffic state based
on floating car data[D]. Jinan: School of Control Sci-
ence and Engineering, Shandong University, 2011.
JAE . AT GPS P78l 42 i o A B S B O R ST Y
WD) 7 & m S L% KA s s LR 2 B
2012.

Zhou Yang. Research on real-time traffic system of
the highway based on GPS floating vehicle[D]. Nan-
chang: School of Aeronautical Manufacturing Engi-
neering, Nanchang Hangkong University, 2012.
KW, Bk, XA, 45 SR BIE M. i
IR : M R Tl K27 A, 2016.

L 2 B ST AL 45 8 Y b S DG BB [T]. AR
K22 BRBIEML, 2003, 33(4): 487-491.

Wang Wei. Practical speed—flow relationship model of
highway traffic-flow[J]. Journal of Southeast Univer-
sity(Natural Science Edition), 2003, 33(4): 487-491.
JA o5, ETE . AMEATRE I F MM dba: A
P2 AL I A BR 2+, 2017,

Jiang Y. A model for estimation of traffic delays and
vehicle queues at freeway work zones[J]. Transporta-
tion Quarterly, 2001, 55(4): 65-81.

SRR . 08 3R Bl X 32 T Ak 1 A T )R 5
(D] i [ 5F K24 A0 iz i TR 22 Be, 2005,

Zhou Mao-song. Study on several issues of traffic op-
timization in highway maintenance work zone[D].
Shanghai: College of Transportation Engineering,
Tongji University, 2005.

Park S B, Douglas K D, Griffith A’ S, et al. Factors
of importance for determining daytime versus night-
time operations in oregon[J].
search Record, 2002, 1813(1): 305-313.

TG 3B A O ARl X A PR B R R
TAE X KBRS [D]. 78 % K% R LR
B, 2014.

Transportation Re-

Li Xiao-long. A study on optimization design of safe-

ty control technology and length for highway work



[24]

[25]

1774 - THRXEFR(OIFR) % 51 &
zone[D]. Xi'an: College of Transportation Engineer- [26] EEGit)m . hES 4K 2018(M]. dbat: hE S

ing, Chang'an University, 2014.

VRE . I8 BT AR 2 B 5 R T SE D] Kb
R AR R S B, 2008,

Xu Guo—chu. Road user cost analysis and applied re-
search[D]. Changsha: College of Civil Engineering,
Hunan University, 2008.

SRATF R AN SR PRl X A0 4 T AT Oy B A Y
WFFE[D]. P44 K Rpis i LR B, 2017,

Wu Jiang-ling. Lane-changing behavior analysis and
modeling of lane—changing in work zones on freeways
[D]. Xi'an: College of Transportation Engineering,

Chang'an University, 2017.

(27]

i A, 2018.

TR N B 9 I TR AR RS PR O BT Y
[D]. BT AR R S0 B, 2016.

Xie Sheng-jia. Research on evaluation method of
maintenance benefit of highway asphalt pavement[D].
Nanjing: School of Transportation, Southeast Univer-
sity, 2016.

Dixon K K, Hummer J E, Lorscheider A R. Capaci-
ty for North Carolina freeway work zones[J]. Trans-
portation Research Record, 1996, 1529(1): 27-34.
R AL R e (M. bt ARSSE
JiAE, 1998,



