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Abstract: Aiming at the problems of high algorithm complexity, low positioning 

accuracy and noise interference in the existing visible light positioning(VLP) method 

based on fingerprint method, an indoor visible light location method based on 

fingerprint database was proposed. First, in the off-line phase, the receiver collects the 

direct signal power and establishes a fingerprint database. Secondly, in the online 

phase, using Manhattan distance combined with inverse distance weighting 

interpolation to process the received signal, and then realizing the high-precision 

positioning of the target while improving the real-time performance of the algorithm. 

The simulation results show that when the sample point spacing is 25cm and the 

signal-to-noise ratio is 30dB, the directness and the reflection accuracy are 3.3cm and 

8.2cm, respectively, and the positioning time is reduced to 0.0387s. 
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1 Introduction 

In recent years, people's demand for location-based information services has gradually 

increased. Due to the fast attenuation of high-frequency signals and the inability to 

penetrate buildings, GPS technology, which is widely used in outdoor location services, 

will cause serious positioning errors in indoor environments [1]. Wireless RF-based 

indoor positioning technologies, such as WIFI and WLAN, not only have low positioning 

accuracy, but also require redeployment of infrastructure, and security performance 

cannot be guaranteed. In some special occasions such as hospitals, airplanes, etc., 

wireless signals have limited scope of use due to electromagnetic interference and 

electromagnetic radiation. Although ultra-wide band, infrared-based positioning 
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technology can achieve high-precision positioning, but the positioning cost is high, it is 

difficult to promote a large area. 

Visible Light Communication is an emerging communication technology. Visible light 

communication technology utilizes white LED's high-speed modulation and short 

response time to modulate the signal to the LED's emitting end, achieving dual 

functions of illumination and high-speed communication [2]. Visible light localization 

(VLP) technology has been widely studied as an important application of VLC in recent 

years. The literature [3][4] uses the idea of fingerprint matching to locate. The method 

is divided into two phases: offline phase and online phase. The off-stage photo 

detector (PD) establishes a fingerprint library by receiving signal power from different 

LEDs, during the on-line phase, the power values of different LEDs actually received by 

the to-be-positioned point are matched with the database, and positioning is 

performed in combination with a positioning algorithm. However, the existing matching 

algorithm has high computational complexity, which results in low real-time positioning. 

In view of the problems existing in the above fingerprint method, this paper proposes 

an improved indoor visible light positioning method based on the actual situation. 

 

2 System Model 

2.1 VLC System Model 
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Fig 1 Visible Light Communication System Model 

 

In the space area of room size 5m*5m*3m, four LED lights are symmetrically 

distributed on the ceiling, as shown in Fig 1. In the visible light communication system, 

LEDs are used as transmitting terminals, each LED emits its own fixed position ID, and 

a photo detector (PD) is used as a receiving terminal to obtain signal power values from 

different LEDs by identifying IDs from different LEDs. In the VLC system, the total 

power of signals actually received at the receiving end is: 

(0)rtoal t noiseP PH N                                                      (1) 
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In equation (2.1), tP is the LED transmit power, (0)H is the DC channel gain, and n(t) is 

the noise. The DC channel gain is: 

2

1
cos ( )cos( ) ( ) ( ), 0

2

0

(0)
m

R s

m
A T g FOV

d

else

H
    




 




 


                                 ( 2) 

m in formula (2.2) is the Lambertian radiation index,
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 , 1/2 represents the 

LED half power angle, rA is the effective receiver area of the receiver, d is the 

transmission distance from the transmitter to the receiver,   is the transmitter 

angle, ( )sT   is the optical filter gain, ( )sg   is the optical concentrator gain, and FOV  is 

the receiver field of view angle. The noise components in VLC system mainly include 

thermal noise and shot noise [5]. The noise at the receiver can be modeled as additive 

Gaussian white noise with a mean of zero and a variance of 
2 2 2

shot thermal    , 

where
2

shot  is the shot noise covariance,
2

thermal  is the thermal noise covariance. 

 

2.2 Positioning Model 

2.2.1 Fingerprint Library Principle 

Indoor visible light positioning based on the fingerprint method is divided into two 

phases: a) Off-line phase, b) On-line phase. 

Off-line phase: the receiving plane is divided into a certain number of grids, grid line 

intersections are used as sampling points of the sample database, and PD is used to 

measure signal power vectors from different transmitting ends at each sampling 

point 1 2[ , , , ..... ]i i i i i inF x y rss rss rss , Where[ , ]i ix y is the coordinates of the sampling point, 

thus creating a fingerprint database 1 2 3[ ]T

i n iR F F F F  , i is the number of sampling 

points, andn is the number of LED lights. 

On-line phase: By collecting the RSS eigenvector 1 2[ , ..... ]np rss rss rss of the point to be 

positioned, the matching algorithm is used to search the k power eigenvectors with the 

highest similarity in the database i nR  to realize the position estimation of the point to be 

positioned. The Euclidean distance used in the commonly used matching algorithm is 

used as a standard to measure the similarity of two vectors, but the Euclidean distance 

calculation is complicated and takes a long time in the positioning process. Therefore, 
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this paper uses Manhattan distance as the standard to measure the similarity of two 

vectors. It is generally believed that the greater the Manhattan distance, the smaller 

the similarity of the two vectors. On the contrary, the smaller the Manhattan distance, 

the greater the similarity of the two vectors. The Manhattan distance between vector 

p  and iF  vectors is calculated as follows: 

1

n

i k ik

k

d rss rss


                                                    (3) 

The fingerprint positioning process is shown in Fig 2. 
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Fig 2 Fingerprint Positioning 

 

2.2.2 Inverse Distance Weighting Interpolation 

The inverse distance weighting (IDW) interpolation algorithm is based on the principle 

of similarity. Near the interpolation point, the closer the point to the difference point is 

the closer the nature of the reference point is to the interpolation point. On the contrary, 

the properties of the reference points farther from the interpolation point are less 

similar to the interpolation points. By assigning different weights to the sample points, 

we can calculate the coordinates of the interpolation points, and the size of the weights 

is determined by the size of the Manhattan distance. Points close to the interpolation 

point give weight to the tutor, points farther from the interpolation point give smaller 

weights [6,7], and the interpolation point is the coordinates of the point to be 

positioned. 

Setting the coordinate of the difference point as ( , )P x y , and the coordinates 
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of N scattered sample points around it are ( , )n n nQ x y . The general expression of IDW 

interpolation method is: 
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In Equation (2.4), i is the weight of each sample point
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In Equation (2.5), id represents the Manhattan distance from the i -th sample point to 

the point to be interpolated. The adjustment coefficient is0 2p  . 

 

3 Simulation and Result Analysis 

The above application model is selected to divide the receiving plane with a height of 

1m into equally spaced grids. The distance between the grids is artificially determined 

according to actual conditions, and several points are randomly generated in the 

receiving plane as test points.The simulation parameters are shown in Table 1: 

 

Table 1 Experimental parameters 

Parameter Symbol Value 

Half power angle 1/2
 70  

Receiver viewing angle FOV 90  

PD effective reception area rA
 1cm2 

Optical filter gain ( )sT 
 1 

Optical concentrator gain ( )g   1 

 

Figure 3 shows the positioning error as a function of signal-to-noise ratio.As can be 

seen from Fig 3 , the positioning errors of the two matching methods gradually 

decrease with the increase of the signal-to-noise ratio, and the difference in the 

positioning error between the two matching methods is small. However, the positioning 

error of the algorithm used in this paper is higher than that using Euclidean distance in 

the case of the same SNR. 
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Fig 3 Positioning error under different SNR 

When the SNR is 30dB, the positioning algorithm is used to locate the test point. The 

specific positioning data result is shown in Table 2. From the table 2, the positioning 

accuracy of the algorithm is higher than that of the classic Euclidean distance matching 

method. 

Table 2 Positioning results 

Classification 
Maximum 

positioning error(m) 

Minimum positioning 

error(m) 

Average positioning 

error(m) 

Euclidean 

distance 
0.0769 0.0022 0.0325 

Algorithm in this 

paper 
0.0248 0.0077 0.0820 

 

Table 3 gives the comparison of the time consumed by using Manhattan distance and 

Euclidean distance to match locations. Since the Manhattan distance requires only the 

first-level operation, the complexity is lower, so the calculation consumes much less 

time than the Euclidean distance. 

Table 3 Positioning time comparison 

Classification Time-consuming positioning(s) 

Euclidean distance 0.0791 

Manhattan distance 0.0387 

 

4 Conclusion 

In this paper, an indoor visible light fingerprint localization method based on inverse 

distance weighting interpolation is proposed. By using the sample points similar to the 

test point power vector in the Manhattan distance matching database, a high 
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positioning accuracy can be achieved while achieving rapid positioning.The simulation 

results show that when the sampling point spacing is 25cm and the signal-to-noise 

ratio is 30dB, the two positioning accuracies can be 3.3cm and 8.2cm respectively, and 

the time required for positioning can be reduced from 0.0791s to 0.0387s.The 

proposed algorithm is closer to the actual scene and provides a theoretical basis for the 

application of indoor visible light localization in actual scenes. 

 

References 

[1] Gallagher T J, Li B, Dempster A G, et al. A sector-based campus-wide indoor positioning 

system[C]// International Conference on Indoor Positioning and Indoor Navigation. IEEE, 

2010:1-8. 

[2] Komine T, Nakagawa M. Fundamental Analysis for Visible-Light Communication System 

using LED Lights[M]// Experimental meson spectroscopy-1972 :. American Institute of 

Physics, 2004:100-107. 

[3] Zhang Y, Guo X, Zhou Y. Accurate source localization approach based on illuminating LEDs 

in indoor environment[C]// Joint International Mechanical, Electronic and Information 

Technology Conference. 2015. 

[4] Vegni A M, Biagi M. An indoor localization algorithm in a small-cell LED-based lighting 

system[C]// International Conference on Indoor Positioning and Indoor Navigation. IEEE, 

2012:1-7. 

[5] Zhang X, Duan J, Fu Y, et al. Theoretical Accuracy Analysis of Indoor Visible Light 

Communication Positioning System Based on Received Signal Strength Indicator[J]. 

Lightwave Technology Journal of, 2014, 32(21):4180-4186. 

[6] YU X D, WU Y, HE L M. Improvement and Comparison of Inverse Distance Weighting Grid 

Interpolation Algorithm[J]. CHINESE JOURNAL OF ENGINEERING GEOPHYSICS, 2013, 

10(6):900-904. 

[7] LI C,CHEN Q,GU G H, et al.. Improved inverse distance weighting interpolation algorithm 

for peak detection[J]. Infrared and Laser Engineering, 2013, 42(2):533-536. 


