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Abstract: Due to increasing demand for wireless spectrum and considering its scarcity, wireless optical 

communications technology is expected to be used in future systems. Recently, visible light communications (VLC) is 

introduced as an alternative to the global positioning system (GPS) to be used inside the buildings where GPS does not 

work properly. In this paper, a new method for localization of an optical receiver is proposed in which, information 
received from indoor optical transmitters is used. In this method, first the angle of arrival of received signal is 

calculated, using the field of view of optical transmitter and then least square estimation (LSE) is used to localize the 

receiver in 3 dimensional indoor environment. Simulation results show that we the location of optical receiver in 3D 

indoor environment can be estimated using 4 visual access pints with approximately 0.6 meters average error. 
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I. INTRODUCTION 

 

Increasing in usage of devices which use wireless 

spectrum makes spectrum scarcity as a big challenge for 

new wireless devices. This forces researchers to find 
alternative resources to solve this problem. Using optical 

band is an appropriate alternative to deal with spectrum 

scarcity [1]. This concept in communication systems is 

known as topics such as free space optical (FSO) 

communications or optical wireless communication 

(OWC). In this system, transmitter transmits an optical 

beam and receiver convert this beam to the information. 

The receiver is typically an optical diode. If this systems 

use visible light band, the concept is known as visible light 

communications (VLC). 

 
Recently, VLC has attracts many researchers [2-4]. In this 

systems, light emitting diode (LED) is typically used as 

transmitter [5]. One of the applications of VLC is 

localization of devices in indoor places or each place 

which couldn’t use global positioning system (GPS). 

Several methods exist to collect information from 

environment and analyze them to localize target [6]. 

Received signal strength (RSS), time of arrival (TOA), 

time difference of arrival (TDOA) and angle of arrival 

(AOA) are some methods which are used to localize 

target. 

 
Examples of localization using optical communication 

introduced in [7, 8]. In this paper, authors use TDOA to 

localize target in indoor places. This method unlike TOA 

method does not need synchronization of transmitter and 

receiver. Authors in [9] use RSS and AOA jointly to 

localize target by using optical communications. In [5] 

authors localize a VLC receiver in 2 dimensional indoor 

place using AOA. 

 

 

In this paper, we estimate the location of VLC receiver in 

3 dimensional environment of a room using AOA method. 

In the next sections we show that localizing target cannot 
be performed by an acceptable error using two visual 

access points (VAPs) which consist of some LEDs. 

Simulation results show that the estimated location of 

target has an acceptable error. 

 

In the rest of this paper, in section II we express 

assumptions and introduce formulation of the problem. In 

section III we explain the proposed algorithm and simulate 

some scenarios to evaluate the performance of the 

proposed algorithm in section IV, and finally the paper in 

concluded in section V. 
 

II. SYSTEM MODEL AND PROBLEM 

FORMULATION 

 

In this paper we use VLC systems to localize target in 

indoor places. We assume that there are some VAPs with 

arrays of LEDs. These transmitters have limited field of 

view (FOV) and due to this limitation, they can scan a 

limited range of angle. Figure 1 illustrates a VAP in the 

corner of a room. 

 

We assume that the considered device for localization is a 
VLC receiver. This receiver can connect to one of the 

VAPs in each time instance. Each LED transmits optical 

beam to the special angular range and we assume that 

transmitters of each VAP can scan its environment, 

completely. Also we put a special code to the message of 

each LED, therefore, the receiver can know by using this 

code that it is connected to which LED and this LED 

belongs to which VAP. 
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Fig. 1  Topology of the considered scenario 

 

Also we assume that the receiver knows the location of 

each VAP. Therefore, receiver can estimate its angle to 

each VAP by connecting to LEDs. 

 

III.  INDOOR VLC LOCALIZATION 

 

In this paper, similar to [5] the localization problem is 

solved by using connection of receiver information and 

VAPs, however, in this paper we extend the algorithm for 
3D places. By using connections' information, receiver 

measures the azimuthal and polar angle to each VAP and 

by using these angles, it can determine that receiver is in 

the FOV of which LED and can localize itself. 

 

If receiver is connected to two VAPs, and detects that 

connection is done with which LEDs of each VAP, it can 

localize itself. However, if there are more than two VAPs, 

the arrived angles become more, and receiver estimates its 

location using least square estimator (LSE).  
 

We assume that there are some VAPs in the room. We use 

  and   as azimuthal and polar angles between receiver 

and each VAP, [x, y, z] as the location of VLC receiver 

and [xi,yi,zi] as a location of the i
th

 VAP. Therefore we 

have: 
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By expanding (1) we have: 
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Now we assume that we have N VAPs and rewrite 

formula in matrix form as (4), 
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Then [x,y] is calculated using LSE (5). 
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Now we want to calculate the height of VLC receiver. For 

this, we extend (2) and rewrite it in matrix form. The 
height of VLC receiver is calculated using (6) to (8). 
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IV.  SIMULATION RESULTS 

 
In this section, we perform some scenarios to evaluate the 

performance of VLC localization. We assume that a VLC 

receiver exists in a 4x6x5 [m] room. In this room there are 

4 VAPs where locations of them are depicted in Table 1. 

In each scenario we investigate 4 cases depicted in Table 

2. 

 

TABLE I LOCATION OF VAPS 

 

 VAP 1 VAP 2 VAP 3 VAP 4 

x [m] 0 0 4 4 

y [m] 0 6 6 0 

z [m] 0 5 5 0 

 

TABLE II 4 CASES FOR VAPS 

 

Case A 
All VAPs are active and measure polar and 

azimuthal angle 

Case B 
VAP 1 and VAP 2 are active and measure 

polar and azimuthal angle 

Case C 
VAP 3 and VAP 4 are active and measure 

polar and azimuthal angle 

Case D 
VAP 1 and VAP 2 measure polar angle and 

VAP 3 and VAP 4 measure azimuthal angle 

 

A. VLC Localization 

In first scenario, we assume each VAP has 4x4 LED array 

and move VLC receiver in whole places of room in the 

height of 2.5 meter and try to localize it. Figures 2 to 5 

illustrate the RMSE for 4 cases. As depicted in these 
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figures, by using VAPs we can localize VLC receiver with 

error less than 0.5 meter. 

 

 
Fig. 2  RMSE of VLC localization in case A. 

 

 
Fig. 3  RMSE of VLC localization in case B. 

 

 
Fig. 4  RMSE of VLC localization in case C. 

 

According to activeness of all VAPs in case A, in this case 

(Figure 2) the location of VLC receiver is estimated by an 

acceptable error in all places of room. 

 
Fig. 5  RMSE of VLC localization in case D. 

 

In cases B and C (Figure 3 and 4), due to activeness of two 

VAPs, error becomes more than what is in case A, 
however, error is still acceptable. In Figure 5 error is 

almost the same as cases B and C, but the complexity of 

case D is less than other. 

 

B. Effect of Height of VLC Receiver 

In this scenario, we investigate the effect of VLC height in 

the performance of localization. Therefore, we move 

receiver in all places of room and calculate the RMSE of 

localization. Then, we average the RMSE at each height. 

In this scenario, we assume that each VAP has an array of 

5x5 LED. Result are depicted in Figure 6. 
 

 
Fig. 6  Effect of VLC height in whole places of room. 

 

As depicted in Figure 6, the height of VLC receiver does 

not have considerable effect on the results and error is 

almost fixed. As we expected in case A, where we have 4 

VAPs, that error would be less than other cases. Also, 

when we use two VAPs, error is acceptable. Additionally, 

simulation result confirms that in case D where we have 4 

VAPs with simpler design, error is almost the same as 

what it is in case A. 
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C. Effect of Number of LEDs 

In the third scenario, we investigate the effect of number 

of LEDs in VAPs. In this simulation, we vary the number 
of LEDs in VAPs and measure the error in each case. We 

move the receiver in whole places of room in the height of 

2.5 meter and calculate the average of error. Results are 

depicted in Figure 7. 

 

 
Fig. 7  Effect of number of LEDs. 

 

As depicted in Figure 7, by increasing the number of 

LEDs in VAPs, localization error becomes less. Also, 

results show that by using two VAPs, we can localize 

VLC receiver with about 0.6 meter error. 

 

V. CONCLUSION 

 

According to the importance of localization and wireless 
spectrum scarcity, we introduce indoor localization using 

VLC. In this paper we use connection information to 

localize a VLC receiver in 3D indoor places. Simulation 

results confirm that we can localize a VLC receiver using 

2 VAPs. Also simulation results show that if we use VAPs 

which can measure azimuthal or polar angles, we can 

localize VLC receiver by an acceptable error and if we use 

4 VAPs with azimuthal and polar angles, localization error 

becomes less than 0.4 meter. 
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