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Abstract: Aiming at the positioning requirements of vehicles in GNSS denied conditions, an auton-
omous positioning method based on the jointly matching of multi-source heterogeneous feature in-
formation is proposed and analysed in two important aspects of database establishment and feature
matching. The paper raises a method for building a feature information database based on
crowdsourcing data, by which the crowdsourcing data is segmented and clustered through geomag-
netic, WLAN, Bluetooth, cellular and other information, and further clustered using DBSCAN al-
gorithm for map reconstruction. In addition, the paper proposes a heterogeneous feature joint
matching localization method based on HMM model, which can jointly match the characteristic of
observations provided by various sensors. The experimental analysis results show that the
proposed method can solve the problem of vehicle autonomous positioning in GNSS denied condi-
tions.

Key words: Crowdsourcing; Autonomous positioning; HMM; Heterogeneous feature fusion

W= H H#9:2019-03-01; 81T H #7:2019-04-02

B eI E - b E R B OGBS B A F 5 H (Y80BO7A1BY)

EHER A L A985) & LS R TR, EENEE GRS S,
E-mail: wen. li@aoe. ac. cn

BEMEE RS (1985-), 5 1+ 058 I, £ 2 N7 2 5l & 3 00 R0 5 0 3 1% — IR PR B i 5E

E-mail: weidongyan@aoe. ac. cn



76 TLE B 5

2019 4E 5 H

BEA T E R B A T b R AT 2 [ — 3
R TE T AT AT R0R . BT, 850
EA FEEARE T 2B T M T E R % (Global
Navigation Satellite System, GNSS)$ A&, {H T2 T fii
B E SRR T S R, kL H
B 3 W E IR S5 iR AE TR 2 s A X, BEE
I T Ak I 1 R T A 0 L AT AT A B R S
V] PN P 3 00 2 K H 25 38 910 5 ] g e GNSS i 1k
ST I 20 S T A7 ), 37 BB 22 1) S T

INS.DR, Lidar 54 R 5 GNSS B4 & 7 — &
FERE B 28 T GNSS b iF 2 5501 T Y 42 40 & or
[ R AR AR A A AT IR 1) B 32 AR L RS A
227 T2 B, 30 4 5 3 A i 3 A o A T B L E A
P BB T H B AT O B T () 2 P R L, AR IE A
BRIE MR 4 B2 GNSS K ia] JC iR 55 B 3 55

AH T 5 3 T 48 SURRAE A4 DT G Dy 32 HAT AT LA
FHC AR 1 B 44 35 it 4% 8% 248 BUASAIG L 5 5 30 1Y)
B, L ARG B A i ) i) B8P S T & NS A
GNSS KiHE IR R s . B, 3 F WLAN/
W TG4 FL R I 0 M R R 20 A VG T A2 A FEA T
NSEHUEN PR £ HE A AR A 2
. (HAE AN BT A N R AT NS
A BRI I i) 7 (= BN DY WG = = R e o A
TEIE L B — A BT e T BEXE LA e Bk . 9] i 3
P WLAN/ 5 7 35 A1 X A% 55 . (5 b 0 4 1F 5 o A&
FE T ARSI T WLAN, ¥ 15 5 B 55 0 0 42
R AP AR5 1832 J8 445 e W

ZE b AR SCH ) 2 AE GNSS 1L 58 i S
AR A T e A8 v S (2 O L | G LB L
5 RAR B B X 2 R AR IR A B T8 B E T
J5 15 RN A DR IC 7 3k 43 ) R A7 B 5% DA A ok 2 A A
GNSS i 1F 54 1 72 22 72 7 7] 81,

1 8] & ik

UG VAL SN OE R SR W R N VA RIEE S S
P HEFRRAE S L L a0 WLAN/ W6 2/ #85 Jo 2% i )
IR ICEAR T SR L G T 0 L R A B, M B R A
X EE A B A o A AL B DTAR OGS R AL B A
AN B FRAE . 8 S0E A8 5 0 8 27 48 SO
PEMAEL LI 2 A5 B . #7468 SO 1 2 16 5k
HALRHIER B SO E B SRR OC &R, — e FE B &

S8 JI 5 6 2 UG B ok A R A S A B S I OR 4 1 48
2B I S ST 4 Y 48 SCECHE T HEAT HE G DT RE
T S BRAST EEAG T

1 G5 1 F5 08 P8 B ST ad B — A I A
BAOEAT TR S i B, T AR R R, A&
AR BUBE 1 2 T S R 55 AR AL L T on AR 1 A A
[ F0 T A2 Ak, 5 B0HE BB T 0 AR A R A
BB T S N PR B8 X S
MR AmE R A5 N T N EIFANES.
T[] bR 3 5 At B0 Sy 48 SR AR R AL T —
FA R F B H R TR 8O M T A R —
B GNSS TGk I 45 1 IX 8k, BT LA 7 3 26 [X e R 45
B AR AL BN THOE R R A LA R B R gk
WA b B B AR e BB A RO L B e R
FH AL B A A5 4 2 45 48 OC 3R b 1 BIOHE R 4R AR
7 E R B, — BUHNE T A B 1 R A
AT LSS T AR B AT L Bl AR S AR
AT H PR B A A D R R I 4% WLAN,
W F S A5 5 SRR R 5 B HEAT I BL Y 23 ) SR, i
T 552 B0 A% A 300 25 T 4 1) 7

55 R 7 T A L L i SRR AE D Bk F 5 AR
A R B WLAN/ 85 2 DG e 52 437 1 KN
WKNN 5532 L K b A DE FC b i) ICCP 3303 45, {H X
S R R BB A 6 R — P R R AU (B HEAT T
B , 75 22 Fi A ) 8 SRR AE 8] AS 2 &5 F M. 5
—FEAE 8 SOHEAT DG C A B o AE T o 0 SR X R R AR £
S B MRS B, B0 2 i e R B AR R
BIEN . ML S, L H w3n" S B
S5 Z2 IO [A] R 1 i B0f5 B TR B 32 3T B0 0 A R
B AR TR — R — 4RI B TR i,
WU REHE T Z R RFAE A5 B HEAT HE 45 DR IC , 26 9K E 18
BEEME RSB REE, i AR T
W o JR BF R B (Hidden Markov Model, HMM) ,
BT T — i ) 22 Rh R R AR AR B B B A DL T
T BB TC 46 W5 I 48 B0 M R 3 5 B D) H R
5 R B A DU R AT A SR A

2 ETAREGHFENEETE

R 0 IE SRR TAEREE L 454 H Ar
e 2 i 19 A R K SF- AR S 25 1 1) AR A0 2 30 40 45
P2 S AR AT Bl O R R R B B AR R e Y/
WLAN/ W 55 B sk B A o 8 | B AT 1) B L7
THEE S DA ORI i 215 B AT M I AR S0



5 3 3 BT A ARATAR

§SNUR U S S B S R A R Ol 77

T B9 T AE o B2 A0 55 P03 A= B T AL B F 0 B 4y
RN A [ A BCHE ST 4 AR, TR
SEPE AR EEWE 1R,

ﬁ_— ——
e

L TELTT

Ak |l [ 5 | A1 o
IEEEEEE:

B _:"<<Ugmﬁ

+ [EOOEEEE)

[

Ab

oL

B1 AXEHELEDTE

Fig. 1 Crowdsourcing data processing
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Fig. 2 Schematic diagram of multi-dimensional feature

joint matching method based on HMM

R AE AR R AR U — O TR A AR AR
X TCL AR 5 | S R A AE B R AT s 55— T
TET 5 308 3 X6 B s YO T L £ B BB Ak B X 3 R 4
FRAE AR B HE AT SR, JF 10 3 0 R B AR AE A BN
B X TR B SRRE IS 2 HR BE 4R HORLECN 15 5
— A LIRFHAEAE S AR L VTS B B .

o 2 i i RO T 21) #9055 JE2 i I 1] 5 S It
JPHEATHESIAR BT 51 O = (01505550, .00)  H



% 3

HE T 5 F R A A5 R IC TRC A9 240 B R L TR BIE S 79

AT 2 A0 e 2 ) A T R A AL DT
e 7 A7 T B e 2R 11 ) R A i SO PR i 2 5 %
IR —A2H LTS S fFs O HITE, AR,
R 24032 sh B FR 5 P8 S A5 A S R B R Rk L X
I AN S R AT LA HMM S 3 i FsR i

HMM (125060 18 0] ULIR A4S L B S R3S v i
RASHE [ e oo ABE 23 5 I A0 iy R MR 3 R ), Gl 3
7R AR SCH RS RAE T ZI A N5 B o, 7E 2 HMM
HAT LIRS . O SR IR 2 A B 6 5 4 5 e B0 I
RS 05 s, VR — BB R B & ks
BB S, IR IR A HE BEAE I b 7 Ar B 2 v fa] Bk
PR FREASH SR, 5 REIREZ N
AR R ME R A A 2R P o, M
RAE s, I BPRE s, MR BRa, s, Als; X2
AR A5 22 [ B4 B B A 56 L 18 2 AR A5 T i B S
BN d PRI 2 MRS BRI L S
d,; B X 2 5% S 2Z BRI, 2
BN DRI S 7S SO 2 B8 RE 2R AT Ak s S A Y, D
a; =P ;) Hod, RIMNU.o) &1 .0 R
BRI R 2ZE 2, WB AR B i A
Fby, =P o, |s;) FaRHBERE s, T H 0700
R o, BIMESR, B S HE IR T 8008 B AT
— AN S 5 R B S UL F B R AR B A L0 1T
3 3 IR RO A R AR F

RS ML
WIS 2R B a, a, Ay
n= al,Pz, Py, a, Ae a}] szz ‘sz
SR s ,
s Ay Ay 77 Ay

; a,

O ORO

/b 2/ b~ o B AR R

IRV by by by

ws (@) @) ©)-0) Bz{bﬂ b bmj
E 3 HMM £#

Fig.3 HMM parameters

FRE b SO AR 2 ¢, % 8 ¢ B2 2
HE L AWM & 2 B F 5 O = (o, pors 00 pess
ey 0,0 XA WL FR B A AN A 455 B — I 20 19 i A7 UL
DAE B, 45 AH S8 0L & > (8] 24 sh E B d =
(dipirs dimpsns o0 d o)) e B DI ] 80T 4 A
H e 2% A S h FHEBN— 2% N7
0. (sl e S A
W2 775 O W AT Be Pk K, AT 2% 05 s ) I &
WA B2 PALE ., S S FR bR B R

S* :(51* vS; v"'ySi* [

TREES S L ASF A m—Fh 5 J7 2 R
S =argmaxP[S.,0|1] (5
N
Hrrx mE 3 il MRS, S = (1 b0
ceusins ) A S R L NS5 SRS,
P(S.0|2)=PO|S.2) X P(S|»)

L
=1 PG iiils 2> X PS|A) (6)
i=1

XFTEC6) 3 H SR 4R A (Viterbi Al-
gorithm) HEAT SR AR 20 76 D i BUHa 18 B0 F v R H
5528 5 vk B S EE E TR AR I 2 % s 2 5UT A
BRI E SR AR T3 IHE
B TR E A IR e =L, e
by 2 RESR TR R B P M AT A B . S R
Bt L R A R RE B 7 8 3547 DERE DL Wi 4%
B P S

4 RBEEMHE

4.1 XEBHEREETEEETE

T XA SO BT 3 T A6 R 4 1 5
IEVEREHEAT B0 UIE 18 SC I A S0 A0y A5 89 T B
AT T 0 #r . Wk 4 Fros R MATELO F4L
o S P B A4 A I AT VR R XA R Sk A i X R
T EURBE 16 2 G . e XKk rp db a0 4
A BB, R AR BRI 45 WiFL B o8 5 R DL K
frifbad B i) MEMS %l 76 ek ah b oad i i 35
PUBEL 05 75 2045 31 80 28 WL i) 5 415 ke 452 48 A% £ L
L T AT A A

4 AEHERERERER

Fig. 4 Crowdsourcing data collection area

A E iR E MinPts 5 5, Mag_cc Fl Bs_cc
X2 DRESBAEL0, 1 A [ HUE 2 G i 3 R
T A 2R E AT PP AL 3 HL 5 2% o 1 0 ME A R . X
TAR R — I 0 SR 0 o ) 43 B % by H
P30 34 5 2 0 7 AR T A — BB, T A R R



80 TLE B 5

2019 4E 5 H

B 75 WU B RE SO R R T e T AR A0 B R AT B
MEREAS BEAT G A W] A5 B R I MR R

FEFE 5 .2 MagTh 7E[0. 7,0. 95 ]2 [A] HLfE .
BsTh 7E[0. 6,0. 9 JZ [A] UL , AT LUAS 31 458 e 1 1fi
B AT LUA 2 o — A Y R R R AR, 7T LA
Ao SR 5 — A 24 R A R 4R T 2R I Y ofE R
PG 75— SRR A P8 ™ B A 15 00 F L AE A% 1l i
73— PR K 52 TSR AL RE

Clustering accuracy

Bs5 REEWHEMARNEHBXERBIR MagTh 5
HAEXEREIIR BsTh Z BHIX R

Fig. 5 Relationship between clustering accuracy and

thresholds MagTh and BsTh

ML 24 BsTh = 0. 3. MagTh = 0. 8 i} , B2
B3 de g, 9500, LRSS DL ANk 2 B .l 80 A4
TR EAT R 4 A>T 73 R A [ 1 i B
FERZE SRR T 4 WS HGE R AE 2 e
R3] 9500 IR TR A B 1) 4y 26 R R

®2 BERER
Tab. 2 Clustering result

RETER MM RERT R RE LT LS S

4 76 4 95%

4.2 ZHEFFEBS CEE A MEsE K8 2

B XT Z2 4E R R A VT JE A A5 1 BB 43 B - 18 SCE
o SR IE R B BE AT TR . W U
YR F TR e A AR xR A5 S5 PR A AR B i
JE o[RS O T HE 23 A T 12 22 4 e R R 5 DL IC 7 1
HYPERE 350 40 BT v SR T i A R b T AT R
R B R 2 10km , 40 45 35 38 18 BB 9L =l
% /N IE B A R B B, T LG a3 B B A
W1 £5K F Novatel 100C & 4.

FTFT HMM B FEAE VT L SE PR b 238 i — A
F P 2 AR AR 5000 35 G DG TC >R 42 5 B RF AIE A T i

8 A JEE 5 DR ke o7 4 B 5 DT TS 78 11 ) R 4 )
FAOG . T R 2 B0 I B UL N 2 e 1 (] 1]
Y] it B o A S A A R ERAE  B 3 HhOULI e 41
O e L] 7 FR 2 L foy s 1] B P9 A 0030 1y
G, B AR I 2 i AR b A AR AR R AR IR
A 8 E W) EL A A UL S BR B R T AR Y
C e e b RS L0 31 A9 45 Ak 51 A ) L TRk
FEAEE L 3 o AR T BRI Y 51 O R S 7
WATHERE —ANBERE O L RO R S, &
6 R T AE N R VT E 7 KR B g T Y G L R 22
LA L ILECE A Sm 4 & E 20m I E
PP Rl 23 s Ui S B 2m 22 A L (H PR BE 0 B K B
I VT RS BE 4 i R A A R SEBr B BEE B K
JE RGN AR LB R A S A 2 B O
TR 2 ROBEAR L 7 52 B i b 7 2206 58 o4
BER SR RE R4 o % R

40

34.3

A
\25.59

(98]
W

N W
wn O

3]
=]

—_
W

—_
=)

\

$2:099 1202 (1.139 1.057
20 40 60

Matching window length/m

Bloe MEEDOKEIEMEENZRE
Fig. 6 Effect of matching window length on

(9]

Positioning result error/m(1o)

o

=]

positioning accuracy

A SCEE R FE A GNSS 46 1F 5% 14 F 09 52 A7 7]
RO, B — 3 Ao 22 B R R R AR A B R AT RS DT
Wi 72 37 77 %8, IR 4 T 3 T A0 B diE B0 R AE
AT HMM 1) 2 U5 55 AF DG BC Jy 75 . AR SCRT 42
D7 ST (D BT T — Bl 3 T b 2k
W 25 15 45 45 Z2 Pl (o 8 DG I0CREAIE 1 AR B B0 3R 2
2. BB AT AT b 2 1 A B R 3R U 2 4
S B AR L IR 5 7 AR R (2O B T — R i )
ZR SRR S B A VSR ik xR T
HMM #7 , BB 9545 0 26 v 58 3 46 40 M i 3 15 1B L)
Kb FUE 845 2 Fi {5 8 3547 166 UG E >k 2R 47 0 &
flith. M RN xRS MY
B REAE . £ GNSS AN A] 58 T #2845 7 iR 55 .
T 20 TAE 32 AL £ 4 B T8 = N SR A 3 SR



% 3

HE T 5 F R A A5 R IC TRC A9 240 B R L TR BIE S 81

Joiis

— D4R T IR 2 T v S R R L LA

BF 5 DG C B30 06 6 1 88 1) A ] 4 38 /91X 7 BE 1 9 i
i IVAISEEREY N o

(1]

(2]

[3]

[4]

[5]

L6]

[7]

[8]

[9]

[10]

S % ik

W XML IRIE. % . BRI amME 2 AR
grak[J]. SE AL S I, 2017, 4(5) . 8-18

Pei Ling, Liu Donghui, Gong Zheng, et al. A survey
of fusion positioning technologies for smart mobile
platform [ J ] .
2017, 4(5): 8-18(in Chinese).

BMARE, =ik, 8. ET GNSS 5 s ahilfE R4
MR SOEALC/ / T E TR A AR, 2012,
Wei Dongyan, Yuan Hong, Xu Ying. Collaborative

Navigation Positioning & Timing.

fingerprint location based on GNSS and cellular
mobile communication system [ CJ,/ China Satellite
Navigation Conference, 2012(in Chinese).

Li W, Wei D, Lai Q, et al. Geomagnetism-aided in-
door Wi-Fi radio-
crowdsourcing[ J]. Sensors, 2018, 18(5); 1462.
Wei D,Ji X, Wen L, et al. Vehicle localization based

map construction via smartphone

on odometry assisted magnetic matching[ C] / Inter-
national Conference on Indoor Positioning & Indoor
Navigation. IEEE, 2017.

Li W, Wei DY, Yuan H, et al. A novel method of
WiFi fingerprint positioning using spatial multi-points
matching[ CJ// Proceedings of the International Con-
ference on Indoor Positioning and Indoor Navigation
(IPIN). Alcala de Henares, Spain, 2016.

Li X H, Wei DY, Lai QF, et al. Smartphone-based
integrated PDR _ GPS _ Bluetooth pedestrian location
[J]. Advances in Space Research, 2017(3): 877-887.
Luo C, Hong H, Chan M C. Pil.oc: A self-calibrating par-
ticipatory indoor localization system[ CJ// Proceedings of the
13" International Symposium on Information Processing
in Sensor Networks (IPSN). Berlin, Germany, 2014.
Rai A, Chintalapudi K K, Padmanabhan V N, et al.
Zee: Zero-effort crowdsourcing for indoor localization
[C]// Proceedings of the International Conference on
Mobile Computing and Networking (MobiCom). Is-
tanbul, Turkey, 2012.

Yu N, Xiao C X, Wu Y F, et al. A radio-map auto-
matic construction algorithm based on crowdsourcing
[J]. Sensors. 2016, 16(4): 504-535.

Lan X, Xu Y, Wei D, et al. Research on topological
map building based on crowdsourcing data [ C]//

China Satellite Navigation Conference. Springer, Sin-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

[22]

gapore, 2017.

Zhao W,Shuai H, Hu R Q, et al. Crowdsourcing and
multisource fusion-based fingerprint sensing in smart-
phone localization[ J]. IEEE Sensors Journal, 2018,
18(8): 1.

Zhang C,Subbu K P, Luo J, et al. GROPING: Geo-
magnetism and crowdsensing powered indoor naviga-
tion[J]. IEEE Transactions on Mobile Computing,
2015, 14(2) . 387-400.

ffi— . JET HMM #5015 26 e A 5 3 i 5
[D]. Jbat. hREBERE RS, 2017,

Lu Yi. Research on heterogeneous information fusion
localization algorithm based on HMM [ D]. Beijing:
University of Chinese Academy of Sciences, 2017 (in
Chinese).

Ester M, Kriegel H P, Xu X. A density-based algorithm
for discovering clusters a density-based algorithm for dis-
covering clusters in large spatial databases with noise
[C]// International Conference on Knowledge Discovery
&. Data Mining. AAAI Press, 1996.

Ghahramani Z. An introduction to hidden Markov
models and Bayesian networks[ ] ]. International Jour-
nal of Pattern Recognition and Artificial Intelligence,
2008, 15(1): 9-42.

Yi L, Wei D, Lai Q, et al. A context-recognition-ai-
ded PDR localization method based on the hidden
Markov model[J]. Sensors, 2016, 16(12): 2030.
Tan G, Lu M, Jiang F. Bumping: A bump-aided in-
ertial navigation method for indoor vehicles using sm-
artphones[ J]. IEEE Transactions on Parallel and Dis-
tributed Systems, 2014, 25(7): 1670-1680.

Porikli F, Li X. Traffic congestion estimation using
HMM models without vehicle tracking[ C]// Proceedings
of the IEEE Intelligent Vehicles Symposium. Parma, It-
aly, 2004 188-193.

Wang X, Cong Z, Fang L.
vehicle driving status using HMM[J]. Acta Auto-
matica Sinica, 2013, 39: 2131-2142.

Determination of real-time

Zoubin G. An Introduction to hidden Markov models
and Bayesian networks[J]. International Journal of
Pattern Recognition and Artificial Intelligence, 2008,
15(1): 9-42.

Hidden Markov Model[ DB/OL . [2016-06-02]. http.//
wwwR2. cs. emu. ed” ~aura/docdir/ small00. pdf.

Trogh J, Plets D, Martens L, et al. Advanced real-
time indoor tracking based on the viterbi algorithm
and semantic datal J]. International Journal of Dis-

tributed Sensor Networks, 2015 1-11.





