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Smartphone indoor positioning method based on vision and
Wi-Fi double-layer feature map
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(1. Intelligent Transportation Systems Research Center, Wuhan University of Technology, Wuhan 430063, China;
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Abstract; We proposed a smartphone positioning method by formulating the positioning problem as an HMM
(hidden markov model, HMM ) based on the proposed double-layer feature map consisting of visual and Wi-Fi
features ( vision-CSI map, V-CSI map) to solve the issue of low accuracy and poor stability in indoor environment.
The V-CSI map is modeled by encoding CSI fingerprint features based on grid and visual features of sparse safety
exits as well as association locations. The location problem based on the V-CSI feature map is solved as HMM
problem in the method. First, the safety exit sign detection and visual feature matching are completed in the visual
positioning phase, and the positioning results are employed to initialize and reinitialize the states of HMM.
Subsequently, CSI fingerprint features are matched with that of the V-CSI map to complete the emission probability,
and the state transition probability is computed by modeling motion constraint with Gaussian model. Finally, the
optimal state is derived from the forward algorithm, and the position of the smartphone is readily determined from
the weighted average of the closest states. In the experiment, the proposed method is verified in an office building
of 6 000 square meters and an underground parking lot of 3 600 square meters respectively. Experimental results
show that the average positioning error of the algorithm is about 1.0 m, and the time of a single positioning is about
170 ms in the two typical indoor scenes. Compared with only CSI positioning methods, the average positioning error
of our proposed method is reduced by more than 56% . The outstanding performance of experimental results also
illustrates that our proposed method can improve the accuracy and robustness of indoor positioning.
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Fig.5 Schematic diagram of experiment scenarios and tests
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Fig.6 CSI data and image data collected in the experiment
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Fig.8 Recognition accuracy of exit signs
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Tab. 1 Positioning results of three algorithms

Ak FENIAERT/ s R LR/ m
A 0.39 0.40
CSI 8 80E i 0.10 2.50
A 8 L 0.15 1.04
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Tab.2  Error comparison of different fusion algorithms

Ak FENLAES /s FIEATIREE/m
Hk[15] 0.17 1.34
k[ 16] 0.19 1.82
ik[17] 0.13 1.29
ARSI 0.15 1.04
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Fig. 10 Error comparison between different algorithms
4.3 EEHHEMNER

SR R IRET , B Db 2 Ak
B AR HALE, A S Bl B A G IR
F LR eI v LTSN A L T o o SR W N A K )
FEPLEUNE V1P, LR AR K2 40 ms 35k
RIS 1 m, 4255 2 7B CSI R854

b P
—— R
mA —o— Ground Truth
30
I i %:
20} {
10+ o
=7
=L A
0 40 kn

B 11 fTEHT
Fig. 11  Walking track
T R A A A SR T
BZ 4t AR BT 405, 28I 15 MLl DRk
St UGN R 5, S5 R A 12 R, AE 12
TLAE 155 40 3 0 22 4 0 AR A TR ) v 1 2R
94.5% , TEIEZSgsch  Za il OfrE R R K,
SEEIRIEE A 10 m, S/ NEEACA 5 my, R T
At R 8 5% B R R BB AR s ) (R o
ok et AR EEC R bR, AR T
ML R, TS R R ITE FEitgsoh 5t
50 FI KN A ARG R, EAR R %
S O AR E BN 0. 02 4A/m® (5 50 5

KA FREEHR0.08 /m’ (550 SE k4 1),

AFIFRERE T @ EREE 13 Pis, d5R%
W, 24 0 Db s 8 BB R e iR 25 8/, A
23 AR WG S 60 1 4 7 L 1R 25 BN (H AR I 8%
K CSLAEBUE N AE I AT, (B35 28 67 1R 25 3K A
RGBT R RN CST 48 80 A, [ I R I
BEAR T 1R 2%,

WU IERR IR
S ST R RPN

123456789101112131415
RFE RS

12 ﬁél’:ﬂ D*‘R e 1-/\%]1&@5

Fig. 12 Recognition accuracy of exit signs
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Tab.3  Analysis of visual and CSI fingerprint positioning results

(RS FENLFERT /s TR RTIREE/m
PR 5E or 0.43 0.47
CSI 8 80E i 0.11 2.12
A EAL 0.17 0.92

R T SR AR SCHR AR A AR R A A
SCHR Y 5 B AR S8 3 e o 2 R SR Y
FENTZERPEATRT b, S5 RN 4 i . AHER TS0k
(157 SCHk[16] SCHR[ 17 1583 A SCR e R
I IHRTE T 42.5% 26.4% 18.6% , HENFER T
W,

x4 AEBEEZREIL

Tab.4  Error comparison of different fusion algorithms

ik FENLFERT/ s EHEEN R E/m
SCHik[15] 0.25 1.60
SCHk[16] 0.19 1.25
SCHK[17] 0.14 1.13
A 0.17 0.92
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