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Methodology of Identifying Causes of
Abnormal Map Matching

JI  Yuxiong', CHEN Danlu'’, ZHENG Yujing',

SHEN Yu'

(1. College of Transportation Engineering, Tongji University,
Shanghai 201804, China; 2.Zhejiang Institute of Communications
Co. Ltd. ,Hangzhou 310030 , China)

Abstract: Abnormal map matching refers to that partial
vehicle trajectory is matched to a road segment incorrectly,
typically caused by physical occlusion, road missing, and
complex road configuration. This study proposes a
data-driven methodology of identifying the causes of
abnormal map matching, which supports fast identifica-
tion and classification of abnormal matching results.
First, we summarize the statistical features of abnormal
matching results with different causes and present criteria
for representation. Second, we propose a segmentation al-
gorithm to distinguish the abnormal results from the tra-

jectory. Third, a classification algorithm is developed
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based on the random forest model. Finally, the proposed
methodology is validated based on the real-world data of
urban taxi operations in Shanghai. The case study reveals
that the algorithms are effective in identifying the abnor-
mal matching results caused by physical occlusion, local
road missing, and complex road configuration, with a
precision of 93.5%. In addition, the experiments show the

high spatial suitability of the proposed methodology.

Key words: transportation engineering; map matching;

random forest; vehicle trajectory; cause identification
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Fig.1 Causes of abnormal map matching and their characteristics
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Fig.2 Flowchart of the Algorithm
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Fig.3 Trajectory segmentation method
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Fig.7 Examples of abnormal matching results caused by missing connecting roads

EI8 R 1 12 B DLRC S i Bl Be s IR 1 52
MAAEE . AT LA H , I DR AR R 8 A S AR (2
GYFATS5 RO R , HEEMAA 431k 26. 8 %6
F119. 990 s VEFCHE g rh 745 5 1) F AR A8y 25 P
T3 ZEXT 53 RN SEMR AR AL IR T 300
3.3 EiERGAEBMN

SRS B XA RS E , 23 I ZREE RN
AR X35, T R WZR 207 . TR AFBLL B
DL RN ST bR B TR U s L N R I N
X, 43 ) 5 1 r L A AR B DX B U 2580, i Tk
FELRR P DX R 3288 5 5 58 C D DLV A
BETTR 3 AR PEFII AR , 23591135 I PG A AR DL e
SR RN R N T T AR FNA 78 09 R 4325

2 R BA B X T, 5%
JE DSBS 22 SRR DL T, 4% SRR T 8 Y A 2

*2

30r

O E
m PR
miE

25¢

BWRCE / %
—_ — Do
(@2 o [$2] (@)
i 5 K T

a L L

VERCBE B BRPIARITRR R Jrm A e A
I B JAFAT I

E8 RS LFZHEMEHERHNE

Fig. 8 The weight for each feature element in the

random forest classifier

BRI v I 9096 o iz P I S B S 1
HAR 2 R R BT 0] R4 7 T 88 % , BAITUKG
BRI = F 75 %

BAEREAEHERIESREIR TSR

Tab. 2 Settings and results of the experiments for validating the spatial suitability of the algorithm

P [ZZE WS GRS REUNME U AR
BRI R WRKH AR /% (RIEBSI)/ % (BEREHIN/ %
A HhER N 3190 rhERSE 9183 92.2 90.7 90.5
B LRV 9183 LREN 3190 92.3 88. 4 75.1
C T 6995 AR 5378 95.6 89.8 85.5
D MER 5378 v 6995 90. 8 89.2 86. 9
4 4B 87%. MAh 7 AT B DT R 3 T

ARSCET R LRI AT, IS0 T PR |
B R (A Bl DX B BBk ) TS 2R i 19 5250
R PRI DT AL, LB AR ORISR , O
HET T T REDUARARA DL IC S L B R B
Wik SOVMTHIE TIOrERARNE . SLpIREsR
W, 75 A S U B A DX BBk AR A 2k
WA, A1 93. 500 , BTG RS MIA (] A B it

BRI GREE , T HeAt DX DC e 57 3 A
PR, MR 8500 , FAITURS B A< I EAIT 7 ] 7 i1
8820 M75000 3], FEBE A RFE(EL A, B 4T
TR B EAT R LB B LARAR a8 AR, 32
M AR 3 IR 3 26. 896 F119. 9% 0 A SCHE I Ay vk
SEEL T M PEIDEPE S A 2 SR R SRR,
A A P D PR S P H B P2 B, S S
PSR e WA SAREAIE A RIS | Sl Bl 3 B 2 A



W5 5 1

M, A A b R DT C S R BT i

BRI AL R

JREEIFTETT 1) A4 - e HOE R (E, $2 R 4

S B 2 S AU AT RO 5 MR AR VEAL PR 1A
Z5 T i P DT PC S 6 25 R AR, 20 B A ) s P T
P S0 A 28T 5 R R AN [l PR 5 B30 s P D e 5
WHMEIETI5

{E& STk A= A -

R b LS AR ATFEHRISE 1 SRS
Wirha - st ST A R S T ;

KR F 3 P E R BT S T B SUR S
VRS R S AL

Sk

(1]

[7]

FABRITIIS C D, RAGONA R, VALENTI G. Traffic
estimation and prediction based on real time floating car data
[C]// Proceedings of the 11th International IEEE Conference
on Intelligent Transportation Systems. [S.1.] : IEEE, 2008:
197-203.

BEHGHR, FRTE  BREA IR , A5 L T S T A 4 1) T PR
BRIk )] el sk TR, 2015,15(5) : 118,
LIAO Luchao, JIANG Xinhua, LIN Mingzhen, ez al.
Recognition method of road speed limit information based on
data mining of traffic trajectory [J]. Journal of Traffic and
Transportation Engineering, 2015, 15(5): 118.

SRR, X SCHE , R 2, 5 R TR s SRR I s B
FRBRFELT ] A Tl R2F4H, 2010, 36 (6) : 779.

WENG Jiancheng, LIU Wentao, CHEN Zhihong, er al.
Research on floating car data based taxi operation and
management [J]. Journal of Bjing University of Technology,
2010, 36(6): 779.

REprst  E e, 2 AL 55 B T ORI A GPS
BRI ARIATIRAR AL T]. 220, 2011, 24(2) : 89.
TANG Luliang, CHANG Xiaomeng, LI Qingquan, ez al.
Public
optimization algorithm and taxi GPS data[J]. China Journal of
Highway and Transport, 2011, 24(2): 89.

QUDDUS M A, OCHIENG W Y, NOLAND R B. Integrity
of map-matching algorithms [J]. Transportation Research Part
C: Emerging Technologies, 2006, 14(4): 283.

QUDDUS M A, OCHIENG WY, ZHAO L, et al. A general
map matching algorithm for transport telematics applications
[J]. GPS Solutions, 2003, 7(3): 157.

BIERLAIRE M, CHEN J, NEWMAN J. A probabilistic map
matching method for smartphone GPS data [J]. Transportation
Research Part C: Emerging Technologies, 2013, 26: 78.

R 2R e, 2R, 45 BT RO A GPS/DR Hi I VLT
BELT AP TR SR, 2008,30(10) « 30.

SONG lJie, LI Guoyan, LI Nana, ez al. A fuzzy-logic-based

travel route optimization based on ant colony

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

map matching algorithm for the GPS/DR system [J].
Computer Engineering &. Science, 2008, 30(10): 30.

CHU HJ, TSAI GJ , CHIANG K W , et al. GPS/MEMS
INS data fusion and map matching in urban areas [J]. Sensors,
2013, 13(9): 11280.

NEWSON P, KRUMM J. Hidden Markov map matching
through noise and sparseness [C]// Proceedings of the 17th
ACM Sigspatial international conference on advances in
geographic information systems. Seattle: ACM, 2009:336-343.
FORNEY G D. The viterbi algorithm [J]. Proceedings of the
IEEE, 1973, 61(3): 268.

ZHANG D, DONG Y, GUO Z. A turning point-based offline
map matching algorithm for urban road networks [J].
Information Sciences, 2021, 565(2): 32.

JIMéNEZ F, MONZoN S, NARANJO J E. Definition of an
enhanced map-matching algorithm for urban environments with
poor GNSS signal quality [J]. Sensors, 2016, 16(2): 193.
TORRE F, PITCHFORD D, BROWN P, et al. Matching
GPS traces to (possibly) incomplete map data: bridging map
building and map matching [C]// Proceedings of the 20th
International ~ Conference on  Advances in  Geographic
Information Systems.Redondo Beach: ACM, 2012:546-549.
HAUNERT J-H , BUDIG B. An algorithm for map matching
given incomplete road data [C]//Proceedings of the 20th
International ~ Conference on Advances in  Geographic
Information Systems. Redondo Beach: ACM,2012:510-513.
GOH CY, DAUWELS J, MITROVIC N, et al. Online map-
matching based on hidden Markov model for real-time traffic
sensing applications [ C]//Proceedings of the 15th International
IEEE Conference on Intelligent Transportation Systems. [S.1.]:
IEEE, 2012: 776-781.

WU Z, XIEJ, WANG Y, ez al. Map matching based on multi-
layer road index [J]. Transportation Research Part C:
Emerging Technologies, 2020, 118: 102651.

HSUEH Y L, CHEN H C, HUANG W J. A hidden Markov
model-based map-matching approach for low-sampling-rate
GPS trajectories [C]//Proceedings of the 7th International
Symposium on Cloud and Service Computing (SC2). [S.1.]:
IEEE, 2017: 271-274.

IS 771 IR 77 77 S I U R STy SN B T )
AP ] P EA R, 2010,23(6) : 103.

ZHANG Tao, YANG Diange, YANG Yang, et al. Vehicle
behavior pattern recognition at merging and diverging sections
for expressways in map-matching[J]. China Journal of Highway
and Transport, 2010, 23(6): 103.

BIAU G, SCORNET E. A random forest guided tour [J].
Test, 2016, 25(2): 197.

HAKLAY M, WEBER P. Openstreetmap: User-generated
street maps [J]. IEEE Pervasive Computing, 2008, 7(4): 12.
RUTKOWSKI L., JAWORSKI M, PIETRUCZUK L, ez al.
The CART decision tree for mining data streams [J].

Information Sciences, 2014, 266: 1.



