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Abstract Aiming at the problems of high mobile positioning complexity, low positioning accuracy, and
unreasonable positioning for users in large indoor places, a visible light and inertial navigation fusion positioning
algorithm based on the hidden Markov model is proposed in this work. First, the indoor parking lot map and
positioning fingerprint in the off-line database construction stage are established, the visible light receiving signal
strength of each reference node and the distance and angle between the nodes are collected, and a hidden Markov
model is established. Then, in the online positioning stage, the candidate set of state transfer is reduced according to
the user's maximum moving speed, and the visible light signal and motion information are obtained. Finally, an
improved Viterbi algorithm is used for user trajectory matching and positioning. Simulation results show that the
proposed algorithm can accurately predict the user’s trajectory in an indoor parking lot of 2500 m®, the prediction
accuracy of the reference node is about 85%, and the average positioning error is about 3.35 m. Compared with
other four positioning algorithms, the positioning trajectory of the proposed algorithm is more continuous and
smooth with higher accuracy.
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Fig. 1 Indoor positioning fingerprint map

1206001-2



T |

% ot

1 HMM 168 %0 0 Kk i 8 2 %1 8 K. R
P HMM f9 J5 B, 5 7 38 0 75 A BLAE . D AT 28 i
2] ) B R R 2 FAR T i — 15 2], B g A 5 20 S A
TR Z R e R RSB R DR
I 2] 4 SO bR 24 AR 224 iy e 2 ) BROIR A . TR 2
LI 1 ARG HMM R |, K. S ol
PRI S BRI AR GE b 1 8 A 1 s O S OLIDIR 25, B &R
genl DI VLC flizshfg B P(S, | S, (¢
D S B R R, e m AN B 20 67 A5 =2 () 1) A
Bl geEtE; PO, | S) #mHPHERENS % EN
FARRME S =,

P(S:18)

P(S18:-1)

& 2 HMM 75 % &l
Fig. 2 Diagram of HMM

3 EhAEMERMET
3.1 BEMEBEWNEE

TE B 4R W B AR 2 DN 48 SUHh ] 37 o AR T
BN S 2% VR M RECIRES O, % VLC U fF
Sz s G BAE I MMPIR S V., RSB R4
BUR SRR A, RS B R RR — RS
Bogl) o — RS AT Re . MR E O 404
R A A R R B O A A R I A5 1) 57 B8 AN A
JEAR Ak, ST T A B LA AT R A R
MOIRZS S, ¥R 3] S, MMM HRE XN

1 (m—d,-j)2
P, (S.|S;.m)= exp | ——————|, (4)
V2no, 26,
1 0, —h;)*
PZ(S[\SJ-,@[): exp {—W} , (5)
N LTTOy 26(/

A S, 5 S; /\EIJj‘Jﬁ B G BIRAS s m MRS

d; R RZIEIIEE; o, A0 F 1 3415 22 5

0, HIAPE s hy RIS 00 Sl A BE Y- 20 2%

AR KSR R I FE I B, B RN —A

B TR 25 T 1 — A WL IR 25, 5 7 2R 48 1Y A 5
R LR N

w} )

207,
[P j‘:’W/'ﬁi ALI\E]/‘J

P(RIS)H=

ﬁexp[
fa
. R A SCHIN K $5 2UfE B

PRER G S W 25 s ¢ 9 AP lis s £, Flr, 43
MRS HIEOHLRIEL; » S AP %5 .

WA L5340 w0 B2 8 0 T s B B P BT Ak 7
MRS A A SR TR T R W) I M R
A1,

3.2 RIAERIEE

FEBe b /R AT AR A rh gk A7 2 2% 757 0 0 i) 3
HORAERF UL . AR GE R G L B R e A
SR AE N [ HR 5 % 4 ME 258 1 4 5 MR 2% DG T ARE 46 d5e R 1Y
PEARAE I E AR B RN ONP K, Hif, N
KN R K, SRR, A % B 0o HL
PR ik 2 25 UM e ARG BE . R IG Ke P B KRS Bl
JEGI AR e 8 50 B , 1528 1 P 19 B K A% 2l B2 2R
V., RFEBE BN o, B AR B i KB ahiE e M,
DL M Ry i —A [ 32 B U K ¢ isp 20 3 ¢+
1 I ZI Al BE B IA AL R RN 2590 08 Q, B Q.1
VER G st o B LASM 475 5 ) Ry T8 A5, TE 5 A
HAEAT LV BL, Q& 3 FrR o BUEHIR A5 B i 3 5
MERZERE N n X n (B b X L (L, b R ReBERT 2,1
SR A R R A TR AR AR B R

.

/// /” \\\ N\
CJ ¥ o ) Q invalid reference
(N . \Vn /) node
] O Q.1 reference node
()\ 4 a ) ) . Q: reference node
O— 50

P13 JH P e R R o] A B 4 7 BRI
Fig. 3 Diagram of candidate set of user maximum speed

limit

3.3 FELTE ALK B BB T AT

FEAE LR E L W B AR 6 A LB AL OF R P 4%
A 118 42 WSO FRIBE e A e SR 4 00 0 50 40 SR P S 1
Yl P 1 S T S A L

8, G)=max [0, ,G)+ PA)-PB)], (T
K. s, Gy HETHMER; 6,,G) I E—MZS%
TR PA) WREEHEBME; PB) AEH
WESR . P I D i S 7 2B R AT

Mo =1 B, Y R0 H0 b AE 3R R0 & AR 11 Tfe
TR i 1] ABE 23, D

8, G)=m, PR, S, , €))

Kb o) Re= 1BZIAE § WS ET AR «,

1206001-3



T ] # ot

B PTIR IR s P (R, e > 18 RN E— 2 — 1 1
T%Ll&z SRR R, ﬁémﬂﬁu{wiaﬁ?ﬁéﬂnm B AL AT ) M R e LR S B B M RN K AR

%7
S
’

0,(G) =max[d,, (i)« P,(S, | S, sm)« P,(S,|S,.0)«P(R,|S)], (9)

B AR 4 AR A IR MR e K — A1 A ED A4S P B R B T o 0 A e A5 B RIS 4R 4R
Ht AR ENM LGSR BYREREMN OWINK,) BERHOWMKK,) , XN
28 %) YR LB B R AT 0 M L IR X HE L 4 Ca) L (b) e 2 VR B B E TR

(2 (b)
observation sequence - - - - - K, observation sequence - - - - - K,

hide reference node hide reference node

9 \ K, observation
)

K, observation

() reference candidate nodes within
ve circle

™ K, observation
reference node

candidate transition path

andidate node
between states

> circle
candidate sition path

/ ‘ Viterbi algorithm matching ° ° ° Y ° between states

I 5 D) path mmm) Viterbi xl;.(m(lnn matching path

Bl 4 P R T 4 e s AL ()G G2 L 50 s (b) el 1 2k o L 30 7
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Table 1 Simulation parameters
Symbol Parameter Value
S Room size /m’ 2500
Hyp Receiving height /m 1
H gy LED height /m 4
Niw Number of LEDs in each lamp 26
Py, Transmitted power of lamp /W 5—10
Ty, (W) Gain of optical filter 1
g (&) Gain of optical concentrator 1
Frov Field-of-view /() 55
A Physical area of photo-detector /cm® 1
N odes Number of nodes 162
A Maximum speed /(m ¢ s ') 5
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Fig. 7 Experimental trajectory of indoor parking lot
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Table 2 Positioning error statistics

Number of Forecast number  Accuracy of node Maximum Minimum Average Root mean
experiments of nodes prediction /% error /m error /m error /m square error /m
10 3000 82 5.1 0.6 3.85 4.42
20 6000 85 5.4 0.3 3.47 3.95
30 9000 84 5.5 0.2 3.56 4,17
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Fig. 9 Positioning track maps of four contrast algorithms. (a) Kalman filter based VLLC and PDR fusion location trajectory

map; (b) visible light fingerprint positioning trajectory; (c) traditional HMM VLC positioning trajectory; (d) inertial

navigation positioning trajectory
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Table 3 Positioning error statistics of compared algorithms

Positioning Maximum Minimum Average Root mean Median
method error /m error /m error /m square error /m error /m
VLCFM™ 7.3 0.10 4.61 5.10 4,22
VLC-HMM 7.4 0. 30 5.52 6.13 5.04
INPM 9.6 0.05 6.62 7.14 5.56
KF VLC-INM 6.5 0. 60 4,27 4.85 3.74
Proposed method 5.5 0. 20 3.35 3.88 2.92
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