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A Method for Constructing Indoor Navigation Networks based on Moving Object Trajectory
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Abstract: The indoor navigation network is the basis for pedestrian navigation, information recommendation,
and business analysis. The traditional method of manual mapping or semiautomatic extraction of three-
dimensional indoor navigation network cannot meet the requirement of high- frequency change of complex
indoor space structures. With the continuous development of indoor positioning technology, there is an explosion
of trajectory data of indoor moving objects, which provides a possibility for rapid construction and change
monitoring of indoor navigation networks. This paper proposes a method of crowdsourcing construction of
indoor navigation network based on the trajectory of moving objects. Based on trajectory simplification
preprocessing using ST-DBSCAN, an indoor trajectory adaptive rasterization algorithm is proposed to reduce the
influence of raster image resolution on the extraction of navigation networks. This approach effectively avoids
the failure of navigation networks' topological connection that is caused by the difference of track trajectory
density. Moreover, it automatically identifies the connection points between floors by the CFSFDP adaptive
clustering algorithm to realize the rapid construction of indoor navigation networks. The experimental data is
derived from the real indoor moving object trajectory data provided by Shanghai Palmap Science & Technology
Co., Ltd. The experimental results show that, compared with the universal rasterization method, the proposed
method improves the accuracy of navigation network construction by an average of 2.43% and improves the
accuracy of topology by 12.8%.
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Fig. 1 Method for constructing indoor navigation networks

based on moving object trajectory
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Fig. 2 Indoor trajectory preprocessing
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Fig. 3 Adaptive rasterization results under different thresholds
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S0 T LR W AR SO VR AR B S R 28 S A 7
TR DI T S =2 A P T T TR R A

K % T KDE 4 7 SRR SO A3 2 =
PRV TR X 48 25 SR A 2 BT, 2 4% nf X2
A3 BUE 0.2 m 0.5 m 0.7 m i, AR 3¢5 32 AT )
2R ETfR 3843 1)K 5] 28.2% . 64.4% .80.5% , #H Lt KDE
B0 AR 1.2% . 3.4% . 2.7% , E T RO B4R
2.43% ; A SOy 1 UM 45 43 [R1R 43551 15 51 25.7% |
58.7% .73.3% , A It KDE 72 43 %1 $2 5 0.9% . 2.6% .

K14 = " 4ESAT I A5 Se Has

Extraction resultof a 2-Dindoor navigation network

Fig. 14



54

AR A5 SET RSN RBIE 2 N R 25 F 75

639

1.7% , B B R H E 1.73%. 48 IEaf R 32 5
12.8%. FH UL UL, ASCH L RE S A AR S = N =
FUTC DR 28 4 A %) JLARPRS B 58 RN N I
332 4= N P L5

115 (a) J& 44 1R 2.3 715 7 iR It i B )2 3 3
SR EI AT DUE W s i S S 4 T
BEIZ U, & 15(b) (15 (c) &% JT] CFSFDP 45 1=
U 8 = 20 4D e 51 B S CRs , vl LA
Bt 4 = et 8 B T A B B, 44
SRR S R SE BRI S 4 R 2.14

2.93.2.57.2.01 m, R EEE . DhxX 4 =43 Eh
SR FL F2H8)2, K 16 J2 3 B LM 45 5 i
S I 2% Bl e A ) P A T N 4 2

P T L, A SCHR 18 28 P S e O 2454 1
BT MR BOZ T 1) T 28 4544

B XA Gt 38 N AL IR 288 4 5 VR AR IR 5 T
TATAY AN A , AR SR HH— s A =2 AT 0 2 R Ak

®2 KEERTM

Tab. 2 Evaluation of the experiment result (%)
AT 45 22 i X #iFh
P(0.2 m) R(0.2 m) P(0.5 m) R(0.5 m) P(0.7 m) R(0.7 m) R
B AT A 27 248 61 56.1 77.8 716 76.7
AR 28.2 25.7 64.4 58.7 80.5 73.3 89.5
+4.509¢6
1 - S ES
7301 < ;{5 ' : i 'a'
7204 e PR
710{ ¢ il
700 aft e B
. 690 : O Ser o - e
L] 6801 P00 Thid |
o .170 WA | 4 3
& I 670 +1.35946¢7 Lq
0 20 40 60 80
(a) = b X (b) CFSFDPEE2E LA (c) = HEARFh T 5

K115 REJZ T AU SRR
Fig. 15 Identification of floor connections, and clustering result

W ETT . G, R 2T ST-DBSCAN Y= I
Bl R AT BT 3 | BRI A5 B AR B s 4
i i KNIN 2 LI 3 A T B ik S Bt
PN T I A4 () P fie i 3 i CFSFDP

=

16 2PN = 4E S s P el

Fig. 16 Extraction result of a 3-D indoor navigation network

3 R SR AL RO A2 = A AT, I E
UL PR, SIS R R 5T
% FE AT T A Ak AR L, AR SR H A O ek
ST £ R AE A T2 4 R 1.83%, 4R F D IE B B
PR 12.8%, AEUE WAL LHE A N M0 I 25 1 1 g 14
PEA AT, Ry 28 P T IR 245 DRk 8 A ARG T 5 2
LS HF . % N LB IR 22 2 5 AR 58 A0 )
28 PEIUHCRL , 0 AR B 285 AR DX 3, A0 1Y 4%
PEIRAE RAFAERE KR 2 Ak T Bt — P At
SELERRIB 25 AP0 A (o7 B s M

Bt b R RERHE I A R A R AT B T
TSI 2 N G (S 5 SR 1 MR s LBl f |



640 HoER fE B OB ¥ W 2019 4F
%% Ak (References): YO IHENIIE S %k J#,2016,53(12):2681-2693. [ Yang

[1] Behar J V. The National Human Activity Pattern Survey
(NHAPS): A resource for assessing exposure to environ-
mental pollutants[J]. Journal of Exposure Analysis and
Environmental Epidemiology, 2000,11(3):231-252.

[ 2] 77 A48 B0, o A8, 45 4 ) 2 [va) 2 o7 SR Xef 22 [ia] JBR e
AT N SE H F 3] B DUR 22 41 - 15 BB B,
2018,43(12):2173-2182. [ Fang Z X, Xu H, Xiao S L, et al.
Pedestrian navigation research trend: From absolute space
to relative space-based approach[J]. Geomatics and Informa-
tion Science of Wuhan University, 2018,43(12):2173-2182. ]

[ 3] Ed5Ie, U, (A 80, 55 5 N P o A7 8 S A 5
[3]. 3 Bk 15 2 Bl 2% 2= 1%,2018,20(12):1689- 1698. [ Wang
P X, Wang H B, Fu MY, et al. Semantic location predic-
tion of indoor users[J]. Journal of Geo-information Sci-
ence, 2018,20(12):1689-1698. ]

[47 EREE BRAE A, R TH T rh A S 4 Bk 1 & N A — 1A
P R [ 2l A 7 1 (0] Bk A B R4 41,2018,
20(6)730-737. [ Wu E C, Zhang H C, Wu S. Automatic
generation method of indoor and outdoor integrated naviga-
tion network based on mid-axis transformation algorithm
[J]. Journal of Geo-information Science, 2018,20(6)730-737. ]

[5] RECE, 03, EIRUE.—Fh 5 T 55T Y 2 N -0 % 0
Fy 3 J7 vk 0] S LG ,2015,32(12):267-271. [ Xu Z
Y, Zhong S S, Wang Y W. An easy-to-update method for
building indoor navigation network[J]. Computer simula-
tion, 2015,32(12):267-271. ]

[ 6] Wang J, Rui X, Song X, et al. A novel approach for gener-
ating routable road maps from vehicle GPS traces[J]. In-
ternational Journal of Geographical Information Science,
2015,29(1):69-91.

[ 7] Aronov B, Driemel A, Kreveld M V, et al. Segmentation
of trajectories on nonmonotone Criteria[J]. Acm Transac-
tions on Algorithms, 2015,12(2):1-28.

[8]LiJ, Qin Q, Han J, et al. Mining trajectory data and geo-
tagged data in social media for road map inference[J].
Transactions in Gis, 2015,19(1):1-18.

[9] Tang L, Ren C, Liu Z, et al. A road map refinement meth-
od using delaunay triangulation forbig trace data[J]. ISPRS
International Journal of Geo-information, 2017,6(2):45.

[20] W, SAEAE LT IR KRS0 P T Bk o SEC 8 7 0t

W, Ai T H. Research on road network renewal method
based on vehicle trajectory big data[J]. Computer Re-
search and Development, 2016,53(12):2681-2693. ]

[11] Ahmed M, Karagiorgou S, Pfoser D, et al. A comparison
and evaluation of map construction algorithms using vehi-
cle tracking data[J]. Geoinformatica, 2015,19(3):601-632.

[12] Huang J, Deng M, Zhang Y, et al. Complex road intersec-
tion modelling baded on low- frequency GPS track data
[J]. ISPRS-International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences, 2017,
XLII-2/W7:23-28.

[13] Biagioni J, Eriksson J. Map inference in the face of noise
and disparity[C]. International Conference on Advances
in Geographic Information Systems, 2012:79-88.

[14] Jiang Y, Xiang L I, Xiaojie L I, et al. Geometrical charac-
teristics extraction and accuracy analysis of road network
based on vehicle trajectory data[J]. Journal of Geo-infor-
mation Science, 2012,14(2):165-170.

[15] Kuntzsch C, Sester M, Brenner C. Generative models for
road network reconstruction[J]. International Journal of
Geographical Information Science, 2016,30(5):1012-1039.

[16] Li Q, Zheng Y, Xie X, et al. Mining user similarity based
on location history[C]. ACM Sigspatial International Con-
ference on Advances in Geographic Information Systems,
2008:1-10.

[17] Birant, Derya, Kut. ST-DBSCAN: An algorithm for clus-
tering spatial-temporal data[J]. Data & Knowledge Engi-
neering, 2007,60(1):208-221.

[18] Davies J J, Beresford A R, Hopper A. Scalable, distribut-
ed, real-time map generation[J]. IEEE Pervasive Comput-
ing, 2006,5(4):47-54.

[19] AR, A L. Machine learning. Clustering by fast search and
find of density peaks[J]. Science, 2014,344(6191):1492.

[20] Jin P, Cui T, Wang Q, et al. Effective Similarity search on
indoor moving- object trajectories[C]. International Con-
ference on Database Systems for Advanced Applications.
Springer International Publishing, 2016:181-197.

[21] Zhang L, Thiemann F, Sester M. Integration of GPS trac-
es with road map[C]. San Jose: International Workshop
on Computational Transportation Science, 2010:17-22.



