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 ABSTRACT   

The travelled signals that used to estimate the distances between LEDs and the target undergo from non-line-of-

sight (NLOS) link in indoor positioning system (IPS) utilizing visible light communication (VLC) technology. 

This could present a significant error in identifying their positions.  In this paper, we design an IPS based on a 

new hybrid technique using VLC technology for accuracy enhancing. To begin, the target's position is determined 

using a weighted least square positioning method. Next, a maximum likelihood positioning approach is used to 

relocate the target's position, starting with the estimated position as an initial point. Simulations present that the 

created algorithm performs better than weight least squares and conventional maximum likelihood methods. 
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1. Introduction  

Visible Light Communication (VLC) is a subcategory of the optical wireless communication (OWC) that 

simultaneously illuminates and transmits data using light emitting diodes (LEDs). Its motivating 

characteristics have made VLC an appealing study field for research and business involve secure 

communication, deployment is a cinch, low price of implementation, no interference from radio and  absence 

of a need for a license[1][2]. There are numerous potential uses for VLC technology. An example of how this 

technology could be used is to locate a receiver inside a building by integrating it with the established lighting 

system. When it comes to large areas like hospitals, and malls, this would be a great help[3].  

In general, the global positioning satellite (GPS) system is unsuitable for use in indoor spaces due to it has a 

positioning error that can be several meters. It's because satellite microwave signals have a hard time 

penetrating the walls of a building. For this reason, radio-frequency (RF) systems (Wi-Fi as example) and 

other techniques have been considered as alternatives for indoor positioning[4]. The accuracy of these 

techniques is superior to that of GPS, but because of the higher location error and the additional infrastructure 

required, they may be less practical than GPS. An IPS that relies on the lighting infrastructure in a building to 

locate a receiver's position is a promising technology. 

Many algorithms can be utilized to identify a target's location using VLC, such as proximity algorithm, 

fingerprinting methods, trilateration and triangulation. Trilateration that utilized  the received signal strength 

(RSS) is the widely used positioning method since  it's so simple[5]. The LED positions, the parameters of the 

transmitter and target, and the link model must be known before using this method. The receiver noise and the 

complexity of indoor environments are two of the most common causes of poor positioning accuracy. IPS 

based on VLC using the RSS approach has been limited to a line-of-sight (LOS) link between of LED and the 

target in most previous work on the subject. For the evaluations, a non-line-of-sight (NLOS) links must be 
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taken into account because of reflections from different objects. To estimate the position, a linear least square 

method was used with a large error and no alternative was suggested to improve the accuracy. 

To further improve the system accuracy, in this paper we offer the use of the modified version of Maximum 

likelihood estimator via making the initial point to be changeable based on a weight least square estimator 

outcome. The algorithm takes into account the LOS and NLOS channel model and noise. 

After that, the remnant of the paper is arranged as stated. Section 2 depicts the related work. System model is 

given in detail in section 3. Experiment's parameters can be found in section 4 gives. Section 4 gives the 

results and discussion of the suggested algorithm. Section 5 concludes with a look ahead to what's next in the 

work. 

2. Related works 

Wenjun G. et al, in 2015[6], studied the multipath reflections effects in an IPS based on VLC for a typical 

room. Distance between transmitter and receiver can be determined using RSS data. When multipath is 

included in the calculations, there are positional errors of 0.806 m.  

F. Mousa et al, [7] in 2018 discussed a two-dimensional (2D) IPS based on LED ceiling lamps using RSS. 

The trilateration approach was used to model the effects of optical power distortions received from three 

transmitters. For each user, an average error of 5 cm may be predicted using this positioning algorithm and a 

LOS system.  

E. Lam et al. [8], in 2019, in a 4 𝑚 ×  4 𝑚 ×  1 𝑚 volume test, they developed and tested Ray Surface 

Positioning (RSP) utilizing inexpensive components. For 95% of the test volume, the location estimate errors 

were fewer than 30 cm. In this study, the authors employed the least squares (LS) approach to locate a desired 

position.  

G. Shi et al. [9], in 2019, used RSS methodology to construct analytical formulations of distances 

measurement error and the top limit of a positioning error. In a noisy VLC channel, the LOS and NLOS links 

are also taken into account. With this strategy, the average positioning error is 0.5 meters in the space. The 

walls have the worst positioning performance, whereas the center has the best. A VLC system can achieve an 

8-millimeter positioning precision, according to the researchers' simulation data. To obtain an 8mm 

positioning precision, this experiment uses a very low reflectivity (𝜌 = 0.01) for the experiment. 

D. Mai et al. [11], in 2020, proposed a full design for VLC-based IPSs, including PHY and link-layer 

solutions, has been presented in this paper. An RSS-based triangulation method was utilized by the authors in 

order to identify user locations. A location identification (ID) was encoded uniquely utilizing Optical 

Orthogonal Codes (OOC) for each LED at the receiver (OOC). Simulations reveal that the error in location 

was less than 0.5 meters. The writers, on the other hand, focus on the LOS channel. 

Marcos S. et al, [12], in 2020, proposed and implemented a real-time IPS based on VLC. For this system, a 

photodiode-based mobile correlator receiver reads the ID codes transmitted by nine LEDs mounted in the 

ceiling of an interior environment. Receivers are capable of determining their position in relation to other 

objects by determining the distance between themselves and the transmitters. RSS is used to determine the 

system's physical properties, which are used to calculate the distances. At any time in the test room, the 

average 2D and 3D errors were less than 25cm and 35cm, respectively. 

 

3. System model 

Figure 1 depicts our IPS based on VLC, which is widely regarded. Observing a room with four LEDs, 

constant position transmitters are put in a lattice arrangement, a standard pattern for measuring the lighting 

fixtures' positions. Each LED location coordinate is anticipated to be downloaded by a mobile user ahead of 

time and stored locally on their device. OCC was assumed to be used for signals separation  at the 

receiver[10]. The algorithm of the whole model of the proposed system is given in algorithm1. Detailed 

explanations of each step can be found in the sub-sections that follow. 
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Figure 1. IPS based on VLC. 

 

Algorithm 1 Positioning algorithm 

1. Procedure LED's installation 

Install 𝑛 LEDs in the ceiling. → In this experiment 𝑛 = 4. 
End procedure  

2. Procedure Create the transmission algorithm. 

Every LED sends information about its location (ID) to the detector. 

        End procedure  

3. Procedure LOS and NLOS channel  

a. LOS Case 

𝑃𝐿𝑂𝑆(𝑡) = {

𝑃𝑡

𝑑𝑖
2 𝑅𝐿𝑂𝑆(𝜃1)𝐴𝑃𝐷 cos(𝜓1)𝑇𝑠(𝜓1)𝑔(𝜓1)                  0 ≤ 𝜓1 ≤ 𝐹𝑂𝑉

 
0                                                                      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒       

                                                      (2) 

 

b. NLOS Case 

𝑃𝑁𝐿𝑂𝑆 = {

𝑃𝑡

𝑑1𝑗
2 𝑑2𝑗

2  𝑅𝑁𝐿𝑂𝑆(𝜃2𝑖𝑗)𝜇 𝐴𝑃𝐷 cos (𝜓2𝑖𝑗
)𝑇𝑠 (𝜓2𝑖𝑗

) g (𝜓2𝑖𝑗
)

0                                                                       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

                                                                        (4) 

 

       End procedure  

4. After Photodiode, Measure power for each LED  

5. Adding AWGN noise. 

6. Separate received signals →Optical Orthogonal codes (OOC)  

7. Select 4 LEDs that having highest received power 

8. Procedure Compute distances  

9. Procedure Target (patient) location → WLS 

�̂� = [
𝑥
�̂�
�̂�
] = (𝐴𝑇𝐴)−1 𝐴𝑇 �̂� + [

𝐿𝑥1

𝐿𝑦1

𝐿𝑧1

]                                                                                                                                (18)        

        End procedure  

10. Procedure Compute MSE for each group. → based on the measured distance  

End procedure  

11. Procedure Patient Relocation    

Using modified ML algorithm → Changeable initial point  

        End procedure  

------------------------------------------------------------------------------------------------------------------------------ 

End algorithm 
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3.1 VLC Channel model  

The total power received from LED lights is typically stated in eq.1: 

𝑃𝑟−𝑡𝑜𝑡𝑎𝑙 = 𝑅𝑃𝐷(𝑃𝐿𝑂𝑆 + 𝑃𝑁𝐿𝑂𝑆) + 𝜎2                                                                                                                               (1) 

where 𝑃𝑟−𝑡𝑜𝑡𝑎𝑙, 𝑅𝑃𝐷, 𝑃𝑡  ,𝑃𝐿𝑂𝑆 and  𝑃𝑁𝐿𝑂𝑆 is the target's total received power, the photodetector responsivity, 

the LED's transmitted power by source, the received power LOS, and received power of the NLOS, 

respectively[13]. Finally, the 𝜎2 is the noise power which is discussed in section (3.2).  

 

i. LOS Mathematical Modelling 

When a direct path links the transmitter and receiver, as shown in figure 2, a LOS model is available. In 

the LOS scenario, the VLC channel’s received power is given by eq.2[14].   

𝑃𝐿𝑂𝑆(𝑡) = {

𝑃𝑡

𝑑𝑖
2 𝑅𝐿𝑂𝑆(𝜃1)𝐴𝑃𝐷 cos(𝜓1)𝑇𝑠(𝜓1)𝑔(𝜓1)                  0 ≤ 𝜓1 ≤ 𝐹𝑂𝑉

 
0                                                                      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒       

                                              (2) 

where, 

• 𝑃𝑡 : Average transmitted power, 

•  𝑑𝑖 = 𝑑(𝑇𝑥𝑖, 𝑅𝑥) : Distance from 𝑖’𝑡ℎ transmitter to the receiver Rx. 

•   𝐴𝑃𝐷 : Physical area of PD. 

•  𝑇𝑠(𝜓) : Gain of optical filter. 

•  𝑔(𝜓): Gain of optical concentrator. 

•  FOV: Field of View of the PD. 

• 𝜃1 : Irradiance angle. 

• 𝜓1 : Incidence angle. 

• 𝑅𝐿𝑂𝑆(𝜃1) : Radiation angle intensity in relation to the PD.  

The LED serves as an optical transmitter, in this system, and its emission pattern simply represents that of the 

Lambertian model; so, 𝑅𝐿𝑂𝑆(𝜃1) can be put as 

𝑅𝐿𝑂𝑆(𝜃1) =
(𝑚 + 1)

2𝜋
𝑐𝑜𝑠𝑚(𝜃1) 

where m is the number of mode which is represented as 

𝑚 =
−ln (2)

ln (cos (𝜃1/2)
 

where 𝜃1/2  denotes  the LED's semi angle at half its brightness. So, the estimated distance from LED to the 

target can be given as in eq. (3)[[15]. 

𝑑 = {
[𝑅𝑃𝐷𝑃𝑡(𝑚 + 1)𝐴𝑃𝐷ℎ𝑚+1𝑇𝑠(𝜓)𝑔(𝜓)]2

4𝜋2𝐻𝐿𝑂𝑆𝑃𝑡
}

1
6+2𝑚

                                                                                                    (3) 

 
Figure 2. LOS link modelling [14] 
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ii. NLOS Mathematical Modelling 

Figure 3 depicts a situation in which light is reflected off of a wall and travels a different path before 

reaching the receiver. Hence, the VLC  received power  is described as in eq.4 in the NLOS 

situation[15][7]. 

𝑃𝑁𝐿𝑂𝑆 = {

𝑃𝑡

𝑑1𝑗
2 𝑑2𝑗

2  𝑅𝑁𝐿𝑂𝑆(𝜃2𝑖𝑗)𝜇 𝐴𝑃𝐷 cos (𝜓2𝑖𝑗
)𝑇𝑠 (𝜓2𝑖𝑗

) g (𝜓2𝑖𝑗
)

0                                                                       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

                                                                (4) 

With  

𝑅𝑁𝐿𝑂𝑆(𝜃2𝑖𝑗) =
(𝑚 + 1)

2𝜋
𝑐𝑜𝑠𝑚(𝜃2𝑖𝑗) 

𝜇 =
𝜌𝑑𝐴𝑤𝑎𝑙𝑙

𝜋
cos(𝛼𝑖𝑗) cos (𝛽𝑖𝑗 

where, 

• 𝜇 :  First reflection factor. 

•  𝑅𝑁𝐿𝑂𝑆(𝜃2𝑖𝑗) : radiant intensity of the LED for the situation of NLOS. 

•  𝑖 : LED's index, 

•  𝑗 : multipath's index. 

•  𝜌 : Reflectance factor. 

•  𝑑𝐴𝑤𝑎𝑙𝑙 :  Reflective area. 

•  𝛼 : Irradiance reflective angle. 

•  𝛽 : multipath irradiance angle to the PD. 

 
Figure3 : NLOS link modelling[14]. 

 

3.2 Noise Model  

The aggregate noise will be treated as white Gaussian noise (AWGN) channel variance. It is the adding of the 

shot noise variance 𝜎𝑠ℎ𝑜𝑡
2  and the thermal noise variance𝜎𝑇ℎ𝑒𝑟𝑚𝑎𝑙

2   as described in eq. 5 

𝑁 = 𝜎𝑠ℎ𝑜𝑡
2 + 𝜎𝑇ℎ𝑒𝑟𝑚𝑎𝑙

2                                                                                                                                                          (5)      

The shot noise variance is expressed by eq.6.  

𝜎𝑠ℎ𝑜𝑡
2 = 2𝑞𝐼𝑏𝐼2𝐵𝑛 +  2𝑞𝑅𝑃𝐷𝑃𝑟−𝑡𝑜𝑡𝑎𝑙𝐵𝑛                                                                                                                         (6)            

 𝑞 is the electric charge, 𝐼𝑏𝑔 is the current due to background, 𝐼2 and 𝐼3 denotes the factors of the noise 

bandwidth and  𝐵𝑁 is the noise bandwidth?  On the other hand, the thermal noise variance is described by eq.7 

[29].  

𝜎𝑇ℎ𝑒𝑟𝑚𝑎𝑙
2 =

8𝜋𝑘𝑇𝐾𝐴𝑃𝐷𝐼2𝐵𝑛
2

𝐺𝑜
+

16𝜋2𝑘Γ𝑇𝑘

𝑔𝑚
𝐶𝑃𝐷

2 𝐴𝑃𝐷
2 𝐼3𝐵𝑛

3                                                                                                       (7) 
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where𝑇𝐾 is the absolute temperature, 𝑘 is the Boltzmann Constant, 𝐺𝑜 is the open-loop voltage gain,𝐶𝑓 is the 

fixed capacitance of receiver, Γ is the factor of the FET channel noise, and 𝑔𝑚 is the FET trans-conductance. 

The  electrical SNR value is being used to evaluate the VLC system which can be expressed in eq.8[16].  

𝑆𝑁𝑅 =
(𝑅𝑃𝐷𝑃𝑟−𝑡𝑜𝑡𝑎𝑙)

2

𝜎𝑠ℎ𝑜𝑡
2 + 𝜎𝑇ℎ𝑒𝑟𝑚𝑎𝑙

2                                                                                                                                                    (8) 

 

 

3.3 Target positioning using weight LS 

Knowing a target position in 3D need to measure the distances from at least four LEDs. Assume P= 

[𝑥𝑖; 𝑦𝑖; 𝑧𝑖  ] expresses the position of the target in Cartesian coordinates.  Moreover, 𝐿𝑖 = [𝐿𝑥𝑖; 𝐿𝑦𝑖; 𝐿𝑧𝑖]  

denotes the LEDs positions, i is the LED index {𝑖 =  2. . . . . . . . . . 𝑛,}. Generally, the actual distance from LED 

to the target is given in eq. 9. 

𝑟𝑖
2 = ‖𝐿𝑖 − 𝑃‖2 = (𝐿𝑥𝑖 − 𝑥)2 + (𝐿𝑦𝑖 − 𝑦)2 + (𝐿𝑥𝑖 − 𝑧)2                                                                                        (9)          

As abovementioned, 𝑟 denotes the actual distance and 𝑑 the estimated distance, then the error could be 

calculated as presented in eq.10. 

𝑒𝑖 = 𝑑𝑖 − 𝑟𝑖                                                                                                                                                                          (10) 

A straight gradient approach, for example, might be used to iteratively determine the estimated position as 

shown in eq. 11. 

�̂� = [
𝑥
�̂�
�̂�
]

𝑘+1

= [
𝑥
�̂�
�̂�
]

𝑘

− 𝛼

[
 
 
 
 
𝜕𝜀

𝜕𝑥
𝜕𝜀

𝜕𝑦

𝜕𝜀

𝜕𝑧]
 
 
 
 

𝑥= �̂�𝑘 ,𝑦=�̂�𝑘,𝑧=�̂�𝑘

                                                                                                              (11)   

Where σ is a constant selected to reduce 𝑒. Also, 𝑥, �̂�,  �̂� are the target (P) coordinates that measured. In this 

equation, it is necessary to give an initial position value, as well this situation is a nonlinear challenge. For 

nonlinear problems, the hyperbolic positioning algorithm turns the issue to a linear one that can be addressed 

using a least squares estimator (LS)[17]. When using the LS method, one of the sub-equations in eq. 9 is 

chosen as a reference equation and subtracting this equation from the remaining sub-equations. According to 

eq. 9, a target's distance from LED 1 is used as a reference equation in this work, as stated in eq. 12. 

𝑟1
2 = (𝐿𝑥1 − 𝑥)2 + (𝐿𝑦1 − 𝑦)2   + (𝐿𝑧1 − 𝑧)2                                                                                                           (12) 

As a result, Equation 13 shows the linearization solution. 

𝑟1
2 − 𝑟𝑖

2 = (𝐿𝑥1–𝑥)2  +  (𝐿𝑦1– 𝑦)2  + (𝐿𝑧1 –  𝑧)2– ((𝐿𝑥𝑖 −  𝑥) 2 + (𝐿𝑦𝑖–  𝑦)2  +  (𝐿𝑧𝑖 –  𝑧)2)                  (13)  

Eq.14 is the result of adjusting eq. 13, as shown below 

𝐿𝑥𝑖
2 + 𝐿𝑦𝑖

2 + 𝐿𝑧𝑖
2 + 𝑟1

2 − 𝑟𝑖
2 =  2𝑥(𝐿𝑥𝑖 − 𝐿𝑥1) + 2𝑦(𝐿𝑦𝑖 − 𝐿𝑦1) + 2𝑧(𝐿𝑧𝑖 – 𝐿𝑧1)                                    ( 14) 

The matrix operation is implemented and results is shown as: 

A=   [

𝐿𝑥2 − 𝐿𝑥1 𝐿𝑦2 − 𝐿𝑦1 𝐿𝑧2 − 𝐿𝑧1

𝐿𝑥3 − 𝐴𝑥1

⋮
𝐿𝑥𝑛 − 𝐿𝑥1

𝐿𝑦3 − 𝐿𝑦1

⋮
𝐿𝑦𝑛 − 𝐿𝑦1

𝐿𝑧3 − 𝐿𝑧1

𝐿𝑧𝑛 − 𝐿𝑧1

] 

Also, the measurement vector as exhibited in equation 15. 
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𝑏 = 0.5 [

(𝐿𝑥2 − 𝐿𝑥1)
2 + (𝐿𝑦2 − 𝐿𝑦1)

2 + (𝐿𝑧2 − 𝐿𝑧1)
2 + 𝑟1

2 − 𝑟2
2

  (𝐿𝑥3 − 𝐿𝑦1)
2 + (𝐿𝑦3 − 𝐿𝑦1)

2 + (𝐿𝑧3 − 𝐿𝑧1)
2 + 𝑟1

2 − 𝑟3
2 ⋮

(𝐿𝑥𝑛 − 𝐿𝑥1)
2 + (𝐿𝑦𝑛 − 𝐿𝑦1)

2 + (𝐿𝑧𝑛 − 𝐿𝑧1)
2 + 𝑟1

2 − 𝑟𝑛
2

]                                                             (15)  

 

where, 𝑟1 denotes the actual distance from the reference LED to the target, and 𝑟𝑖 denotes the distances from 

all LEDs excepting the reference LED to the target. Then, the coordinates of the target will be calculated as 

given in eq. 16. 

 

𝑃 = [
𝑥
𝑦
𝑧
] = (𝐴𝑇𝐴)−1 𝐴𝑇 𝑏 + [

𝐿𝑥1

𝐿𝑦1

𝑙𝑧1

]                                                                                                                                (16)  

As we described previously, d expresses the estimated distance from the LED to the target. Hence, the 

estimated position �̂� can be obtained by calculating the estimation value  �̂� as given in eq.17. 

�̂� = 0.5 [

(𝐿𝑥2 − 𝐿𝑥1)
2 + (𝐿𝑦2 − 𝐿𝑦1)

2 + (𝐿𝑧2 − 𝐿𝑧1)
2 + 𝑑1

2 − 𝑑2
2

  (𝐿𝑥3 − 𝐿𝑦1)
2 + (𝐿𝑦3 − 𝐿𝑦1)

2 + (𝐿𝑧3 − 𝐿𝑧1)
2 + 𝑑1

2 − 𝑑3
2 ⋮

(𝐿𝑥𝑛 − 𝐿𝑥1)
2 + (𝐿𝑦𝑛 − 𝐿𝑦1)

2 + (𝐿𝑧𝑛 − 𝐿𝑧1)
2 + 𝑑1

2 − 𝑑𝑛
2

]                                                            (17) 

Hence, the estimated patient  �̂� will be as shown in eq. 18. 

�̂� = [
𝑥
�̂�
�̂�
] = (𝐴𝑇𝐴)−1 𝐴𝑇 �̂� + [

𝐿𝑥1

𝐿𝑦1

𝐿𝑧1

]                                                                                                                                (18)        

The weighted least squares (WLS) method[18] is a new algorithm that uses the variance of the measured 

distance to improve positioning accuracy (eq. 18) [18]. For the WLS algorithm, the inverse variance of 

distance measurements is taken into consideration when adjusting the weight matrix (W).  

𝑊 =

[
 
 
 
 
 
𝑣𝑎𝑟(𝑑1

2) + 𝑣𝑎𝑟(𝑑2
2)                𝑣𝑎𝑟(𝑑1

2)       … .      𝑣𝑎𝑟(𝑑1
2)

𝑣𝑎𝑟(𝑑1
2)                 𝑣𝑎𝑟(𝑑1

2) + 𝑣𝑎𝑟(𝑑3
2)     … .       𝑣𝑎𝑟(𝑑1

2) 
.
.
.

𝑣𝑎𝑟(𝑑1
2)                 𝑣𝑎𝑟(𝑑1

2)              𝑣𝑎𝑟(𝑑1
2) + 𝑣𝑎𝑟(𝑑𝑛

2)  ]
 
 
 
 
 

 

A squared estimated distance from the reference LED to the target has a variance of 𝑣𝑎𝑟(𝑑1
2) while the 

variance of all other LEDs to P has a variance of 𝑣𝑎𝑟(𝑑𝑛
2). To complete the WLS, insert the inverse of W into 

the final equation. 

 

�̂� = [
𝑥
�̂�
�̂�
] = (𝐴𝑇𝑊−1𝐴)−1 𝐴𝑊−1 �̂� + [

𝐿𝑥1

𝐿𝑦1

𝐿𝑧1

]                                                                                                                (19) 

 

3.4 Target positioning using Maximum Likelihood 

The maximum likelihood strategy optimizes the pdf of distance measurements to derive the agent's position, 

assuming that the range error distribution parameters are known, as shown in eq. 20[19].  

�̂� = 𝑎𝑟𝑔 𝑚𝑖𝑛𝑝 (∑
(𝑟𝑖−𝑑𝑖)

2

𝜎𝑖
2

𝑖
𝑖=1 )                                                                                                                                        (20) 

Where 𝜎2denotes the variance and  𝑖 expresses the LEDs index. Based on weight LS estimates of target 

positions computed in this study, the starting point is carefully chosen instead of being set and arbitrarily 

chosen in conventional ML. 
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4. Test parameters 

With the hybrid technique described in this work, a novel indoor positioning system with improved 

accuracy has been developed employing a series of distinct procedures. In order to test the system, MatLab 

simulation is used. In this study four LEDs is placed at the ceiling and assumes a target walks through a room 

with a 5 ×5 ×3 m . The target holds the photodiode (PD) in his arm at a height of 0.85 meters from the ground. 

If optical light falls inside the PD's field of view, the location code can be picked up. It's believed that the 

receiver always receives four signals from separate propagation channels (LOS and NLOS). For thiswork, the 

simulation settings are shown on table 1. 

 

5. Result and discussion 

To begin, the procedures depicted in algorithm 1 are used to boost the system performance. When noise is 

considered, the system is tested. The AWGN function in MatLab is used to add noise into the received signal, 

and the SNR is calculated using eq.8. 

Figure 4 depicts two different situations of track position for the evaluation step. In situations 1 and 2, the 

target travels around his room in a variety of directions. We chose five points that corresponded to his path 

inside the room to compute its position. 

 

Table 1. Testing parameters 

Parameter Value 

Room dimensions 5 × 5 × 3𝑚3 

Room Reflectivity   𝜌 0.25 

Reflecting area 𝑑𝐴𝑤𝑎𝑙𝑙 1𝑐𝑚2 

Lamberatian mode 𝑚 1 

LED Power 𝑃𝑡 4𝑊 

PD's Responsivity  𝑅 0.4 𝑊/𝑐𝑚2 

Optical filter gain 𝑇𝑠 1 

Concentrator gain 𝑔𝑠 1 

LEDs' position  (1.25,1.25,3)(1.25,3.75,3) 

(3.75,1.25,3)(3.75,3.75,3) 

PD's physical  area 𝐴𝑃𝐷 1𝑐𝑚2 

PD's height ℎ 0.85𝑚 

FOV  80 𝑑𝑒𝑔 

Background Current  𝐼𝑏 5100 × 10−6 [𝐴] 

Noise Bandwidth factor  𝐼2 0.562 [𝐴] 

𝐼3 0.0868 [𝐴] 

Open-loop voltage gain  𝐺𝑜 10 

O/E conversion Efficiency   𝛾 0.54 [𝐴/𝑊] 

Noise Bandwidth  𝐵𝑛 108[𝑝𝑢𝑙𝑠𝑒𝑠/𝑠] 

Absolute temperature 𝑇𝐾 298[𝐾] 

FET transconductance  𝑔𝑚 30[𝑚𝑆] 

FET Channel noise factor Γ 1.5 

Fix capacitance  𝐶𝑓 112[𝑝𝐹/𝑐𝑚2] 
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Figure 4. Testing activities in the room (a) Situation1, (b) Situation2 

 

Last but not least, the suggested system is compared to weight LS and traditional maximum likelihood. 

Conventional maximum likelihood uses a fixed random location as the initial starting point for each iteration. 

The selected initial point is (𝑥 = 5, 𝑦 = 5, 𝑧 = 0.85) and (𝑥 = −5, 𝑦 = 5, 𝑧 = 0.85) for situation first and 

second situations respectively; however, in the suggested technique, we employ a changeable point that may 

be adjusted dependent on the WLS position as shown in tables 2 and 3 Another thing to consider is that 

conventional maximum likelihood's placement accuracy improves with increasing distance from its guess 

(starting) point, as shown in table point 5. 

Table 2. System accuracy (MSE) for the three algorithms (Situation1) 

Target Position Weight  

LS 

Maximum 

Likelihood 

Proposed 

Algorithm 

(0.25,1,0.85) 0.38 0.22 0.19 

(1,4.5,.85) 0.43 0.21 0.2 

(2.5,0.5,0.85) 0.51 0.34 0.21 

(2.5,2.5,0.85 0.18 0.15 0.11 

(4.75,4.75,0.85) 1.52 0.25 0.25 

Mean 0.6 0.23 0.19 

 

Table 3. System accuracy (MSE) for the three algorithms (Situation2) 

Target Position Weight  

LS 

Maximum 

Likelihood 

Proposed 

Algorithm 

(-0.25,1,0.85) 2.56 0.92 0.29 

(-1.5,2.5,.85) 0.24 0.19 0.17 

(-2.5,3,0.85) 0.21 0.18 0.15 

(-2.5,4.5,0.85 0.58 0.19 0.17 

(-4,0.5,0.85) 1.03 0.25 0.22 

Mean 0.93 0.34 0. 22 

 

As shown in both tables, in LOS and NLOS channels, the proposed system's MSE averages 0.19𝑚2 for 

situation 1 and 0.22𝑚2 for situation 2, which is lower than the MSE of conventional ML and WLS, have an 

MSE for situation 1 about 0.6𝑚2 ,0.23 𝑚2 and situation 2 have 0.93 𝑚2 , 0.34 𝑚2 respectively. Also. This 

shows that the system's performance is superior to that of other positioning methods in the same environment. 

Final results are shown in figure 5 for the first and second situations where the empirical cumulative 

distribution function (ECDF) to the MSE is computed as depicted. 

 

(b) (a) 
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Figure 5. ECDF of MSE for the compared approaches in situations 1 and 2, respectively 

 

 

6. Conclusions 

In this work, a novel algorithm is proposed for locating and tracking a person utilizing VLC technology. The 

first step of the algorithm is to use the weight LS method to determine the target position.  The position that 

was acquired is then utilized as the starting position to the maximum likelihood technique to re-identifying the 

position. Simulated results reveal that the suggested algorithm has better performance in term of MSE, about 

0.19 𝑚2 for situation1 and 0.2 𝑚2 for situation 2, in comparison to weight LS and conventional maximum 

likelihood, that achieve an MSE for situation 1 about 0.6𝑚2 ,0.23 𝑚2 and situation 2 have 0.93 𝑚2 , 0.34 

𝑚2 respectively. Our next step is to implement the method we've developed in a real-world setting.  
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