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Abstract 

This research detects the random position with received signal strength (RSS) method based on the received power in the 

room with a size of 5×5×3 cubic meter and several numbers of light emitting diode (LEDs). The first scenario uses 4 LEDs, the 

second scenario uses 6 LEDs and the third scenario uses 8 LEDs. Random points as the detector are placed spread at the room as 

many as 25 points. The simulation result shows that the use of more LEDs reduces the positioning error and increases the accuracy. 

If the accuracy reduces, the positioning error increase and affect the detection results. Using 8 LEDs, the number of the detected 

random point increases 30%, the positioning error is 47%, and the accuracy increase from 33%.  In addition, our research is useful 

for finding the locations of small items such as sensors that are scattered in a closed room. 
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I. INTRODUCTION 

Visible light communication (VLC) is a media 

communication that uses visible light as the light source 

to transmit information. VLC is often focused on indoor 

applications. The indoor positioning system based on 

VLC is more accurate than the global positioning system 

(GPS) and useful to obtain an object position with small 

size [1]. The differences in the number of LED used in 

the system can affect the detection results.  
The research in [2] explains the indoor positioning 

system using differential detection. The result of the 

positioning system with differential detection has been 

compared with the positioning system with the Received 

Signal Strength (RSS) algorithm. The RSS algorithm 

obtained the detector’s position based on the received 

power. The research used 3 LEDs and 2 detectors on the 

system. When one detector’s position is known, the other 

detector’s position can be obtained. With differential 

detection, the deviation of the measured results for each 

point is less than with the RSS algorithm and the average 

error is significantly reduced. The proposed positioning 

method can be used as high precision, high stability, and 

large area positioning in an actual LED lighting 

environment.  

Researchers in [3] explain indoor location estimation 

based on the RSS algorithm using radial log-normal 

distribution. The researchers estimate the location of the 

object using marginal likelihoods of the radial log-

normal distribution.  
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They compare the estimation accuracy of the static 

case and dynamic case. With a static case experiment, the 

data set when the object with the receiver keeps stopping 

within a minute on the fixed point. With a dynamic case 

experiment, the data set when the object with the receiver 

moves on the prescribed trajectory. Based on the 

experiment results, the static case is more be able to 

estimate location precisely. In the next phase, they need 

to improve the proposed method for the object movement 

case.  
In another study [4],the combination of a simple 

regression-based approach with linear least square (LLS) 

and non-linear least square (NLS) estimation is 

explained. The researchers also explain the use of 

regression technique in order to get an estimated distance 

closer to the real distance. The regression is applied to all 

the rooms with 676 points and on the outer region with 

352 points. They compared the localization error 

distribution using both LLS and NLS with and without 

regression. From the results, the regression-based 

approach significantly improves the localization 

accuracy. This approach achieves an average error of 

only 22 cm with 99.4% of the room having localization 

errors less than 0.6 m.  

The method to predict the location of sensors or 

robots has been carried out in [5]. The study conducted 

experiments with methods similar to algorithms on 

fingerprints. In addition, based on the Bayesian method 

the accuracy is increased. This study has a deficiency in 

the relatively small accuracy value so that the positioning 

error obtained is still large. 

Multiplexing technology has been widely used for 

wireless communication media. With multiplexing, 

bandwidth is more efficient in the data transmission 
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process. Researcher in [6] has published an indoor 

positioning system combined with multiplexing. The 

multiplexing pattern used is ACO-OFDM. In the 

application of ACO-OFDM, it has the disadvantage of 

cutting the symbol due to the unipolar type of optical 

transmission. 

Research on visible light positioning (VLP) has also 

been carried out in [7]. With VLP research, it is hoped 

that it can be more accurate and cheaper when compared 

to adding an access point to wireless fidelity (WiFi) or 

satellite. This study uses a three-dimensional (3D) 

approach to obtain better accuracy. This study resulted in 

a low positioning error of up to 7.95 cm. However, the 

space used is too small because it uses 2.5 m x 2.5 m x 3 

m. 

A few studies focused on increases the accuracy with 

a different method. There is no researcher concerned 

about the impact of the LED number uses in the system. 

Therefore, this research focused on the number of the 

LED. In this paper, we analyze the indoor positioning 

system using the RSS algorithm. We use a room with a 

size of 5×5×3 m and several numbers of LEDs (4,6 and 

8) with a power of 1 watt. Also, we use 25 random points 

as the detector are placed spread at the room. To prove 

our research, we compared the estimated location with 

the real location. Based on the estimation, we show the 

accuracy and positioning errors.  

The rest of this paper are organized as follows, in 

section II we describe the theory of the research followed 

by the description of the system model of the positioning 

system in in section III. In section IV we calculate all the 

formula using computer simulation for each signal 

format and compare its performance against the 

parameters system, such as random point detected, 

positioning error and accuracy. Finally, we show the 

conclusion of this paper in section V.  

II. METHOD 

A. Line of Sight Channel 

In a Line of sight (LOS) channel the communication 

path between the transmitter to the receiver does not have 

an obstacle, so it can be said to be direct communication. 

The LOS condition allows the communication system to 

have no interference, so the quality of communication is 

relatively better. The LOS equation is shown below: [8] 
 

𝐻(0) = {
𝑚+1

2𝜋𝑑2 𝐴𝑐𝑜𝑠𝑚(𝜙)𝑇𝑠(𝜑)𝑔(𝜑) cos(𝜑) , 0 ≤ 𝜑 ≤ 𝜑𝑐

0 𝜑 > 𝜑𝑐

   (1) 

with Φ is the irradiance angle, φ is the incidence angle, 

Ts(φ) is the optical filter gain, g(φ) is the optical 

concentrator gain, φc is the field of vision at a receiver, 

and m is the order of Lambertian emission. The 

difference in power between 0 and 1 is Pdiff, while the 

difference in received power is defined as 

 

𝑃𝑑𝑖𝑓𝑓 = 𝐻(0)𝑃𝑑𝑖𝑓𝑓                           (2) 

and the distance 𝑑 is defined in equation (3).  

 

Figure 1. Line of sight channel model for visible light communication. 

𝑑2 =
(𝑚 + 1)𝐴𝑐𝑜𝑠𝑚(𝜙)𝑇(𝜑)𝑔(𝜑) cos(𝜑) 𝑃𝑑𝑖𝑓𝑓

2𝜋𝑃𝑑𝑖𝑓𝑓
 

𝑑𝑒𝑠𝑡−𝑥𝑦
2 = 𝑑2 − 𝐻2                  (3) 

LOS conditions can be described as shown in Figure 

1. 

B. Distance of Transmitter and Receiver 

In electromagnetics, the relationship between d 

and the receiving power is defined as  

𝑑 = 10
𝑃𝑟−𝑃1𝑚

−10.𝑛                             (4) 

where Pr is the received power, P1m is the received power 

at 1 meter and n is the exponent path loss. In the VLC-

based positioning system, based on the received power at 

the detector, the value of d can be defined as 

𝑑 = √
(𝑚+1)⋅𝐴𝑑𝑒𝑡⋅ℎ𝑚+1

𝐻 ⋅2𝜋

𝑚+4
                    (5)  

C. RSS Algorithm 

The RSS method is used more frequently in indoor 

positioning systems because of its low difficulty and high 

accuracy. In the principle of detection using RSS, the 

system will calculate the distance between the LED and 

the detector based on the value of the received power, 

then the position coordinates of the detection target can 

be formulated with at least 2 equations as [8] 

 

[
𝑥
𝑦] = 𝐴−1𝐵                                   (6) 

 

𝐴 = [
2(𝑥2 − 𝑥1) 2(𝑦2 − 𝑦1)

2(𝑥3 − 𝑥1) 2(𝑦3 − 𝑦1)
] 
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where d is the distance of LED and detector, x and y are 

the coordinates of LED. The RSS algorithm requires at 

least three distances from an access point. However, 

using three lights still has a very high probability of error. 

Therefore, we experimented with the RSS algorithm for 

several lamps. 

D. Positioning Error 

Positioning error is one of the important parameters 

from the detection results of VLC positioning. When the 

number of LEDs used in the system increases, the 

number of positioning errors is also increased. 

Positioning error can be formulated as [2]  

 

𝐷 = √(𝑥𝑟 − 𝑥𝑚)2 + (𝑦𝑟 − 𝑦𝑚)2             (7) 

where (xr,yr) is the real coordinates of the random points 

and (xm,ym) is the detected coordinates of the random 

points.  

E. Accuracy 

Accuracy is important for the validation of the 

simulations being carried out. We obtain the accuracy 

from the difference between the original coordinates and 

the detection results. We use the computation of the R-

score which makes the difference of squares of the 

differences in the comparable data. Accuracy is the main 

parameter of the detection results of VLC positioning. 

The higher the accuracy, the better the system. Accuracy 

can be formulated as  

 

𝑅2 = 1 −
∑ (𝑦𝑖−𝑓𝑖)2

𝑖

∑ (𝑓𝑖−�̅�)2
𝑖

                          (8) 

 

where yi is the real position, fi is the detected position 

and y is the average of the real position.  

F. Research Design 

The detector receives the power sent by the LED, 

then the distance (d) between the transmitter and receiver 

can be determined, which is not less than the h. 

Moreover, the (x, y) coordinates of the random point can 

be determined based on the calculated d. After the 

coordinates (x, y) are determined, the positioning error 

value is calculated.  

1) Room Design with 4 LEDs 

The first scenario uses 4 LEDs in a room with a size 

of 5m × 5m × 3m. Figure 2 shows the location of the LED 

at coordinates of (2.5, 2.5, 3), (2.5, -2.5, 3), (-2.5, -2.5, 3) 

and (-2.5, 2.5, 3), with the random point receiver 

locations are spread over room. The detection method 

used is the RSS algorithm. If the simulation results 

achieve a coordinate accuracy of more than 70%, the 

simulation is complete.  

 

 

Figure 2. System model using 4 LEDs. 

 

 
Figure 3. System model using 6 LEDs. 

 

2) Room Design with 6 LEDs 

The second scenario uses 6 LEDs in a room with a 

size of 5m×5m×3m. Figure 3 shows the location of the 

LED at coordinates of (2.5, 2.5, 3), (2.5, 0, 3), (2.5, - 2.5, 

3), (-2.5, -2.5, 3), (-2.5, 0, 3) and (-2.5, 2.5, 3), with the 

random point receiver locations are spread over room. 

The detection method used is the RSS algorithm. If the 

simulation results achieve a coordinate accuracy of more 

than 70%, the simulation is complete. 

3) Room Design with 8 LEDs 

The last scenario uses 8 LEDs in a room with a size 

of 5m × 5m × 3m. Figure 4 shows the location of the LED 

at coordinates of (2.5, 2.5, 3), (2.5, 0, 3), (2.5, -2.5, 3), (0, 

-2.5, 3), (-2.5, -2.5, 3), (-2.5, 0, 3), (-2.5, 2.5, 3) and (0, 

2.5, 3), with the random point receiver locations are 

spread over room. The detection method used is the RSS 

algorithm. If the simulation results achieve a coordinate 

accuracy of more than 70%, the simulation is complete. 

 
TABLE 1: SIMULATION PARAMETERS. 

Parameter Value 

Size of room 5m×5m×3m 

Type of source LED 

Optical power of LED 1 Watt 

Amount of LED 4, 6, 8 

Type of photodetector P-I-N 

Amount of photodetector 25 

The physical area of detector 1 cm2 

Height between the LED and detector 2 m 
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Figure 4. System model using 8 LEDs. 

 

G. Simulation Parameters 

Table 1 describes the parameters of the simulation. 

In this research, we use LED as the light source to 

transmit data with the number of LEDs of 4, 6 and 8, and 

with 1 W transmission power. LOS propagation model of 

the channel is used in this research. We also use a PIN 

photodetector as a receiver. PIN selection is used in this 

simulation because of its relatively inexpensive 

installation on small devices such as sensors. In addition, 

we placed the receiver 1 meter above the floor so that the 

height from the LED to the receiver is 2 meters. 

 

III. RESULT AND DISCUSSION 

A. Performance of Random Point Detection 

We simulate the indoor positioning system with the 

number of LEDs of 4, 6 and 8. The simulation uses 25 

random points for the detection targets and receivers. 

Based on the results, the system with 8 LEDs has a better 

amount of random point detection than that of 4 and 6 

LEDs. This is because the light coverage produced by 8 

LEDs is the widest than the 4 and 6 LEDs. 

 Figure 5 shows the comparison of the detection 

results of the receiver position and the original receiver 

position using 4 LEDs. With 4 LEDs, the random points 

detected are 17 out of 25. From the results of extensive 

simulations, we found that with 4 LEDs configuration the 

detection value was more sufficient by the triangulation 

method. However, the value of the detection success 

score is around 67%. This result is not enough, because 

there are many coordinates that are similar even though 

they are in different places. 4 LEDs scenario is actually 

sufficient for the RSS algorithm, because it only takes at 

least 3 LEDs to triangulate. However, the result shows 

that the experiment of 4 LEDs cannot detect all 25 users 

in various locations accurately 100%. We obtain a small 

positional shift from the actual location. 

Figure 6 shows the comparison of the detection 

results of the receiver position and the original receiver 

position using 6 LEDs. With 6 LEDs, the random points 

detected are 22 out of 25. From the results of extensive 

simulations, we found that with 6 LEDs configuration, 

the detection value was sufficient by the triangulation 

method. However, the value of the detection success 

score is around 88%. This result is insufficient, because 

there are many coordinates that are similar even though 

they are in different places. 

Figure 7 shows the comparison of the detection 

results of the receiver position and the original receiver 

position using 8 LEDs. With 8 LEDs configuration, the 

random points detected are 24 out of 25. From the results 

of extensive simulations, we found that with 8 LEDs the 

detection value was sufficient by the triangulation 

method. However, the value of the detection success 

score is around 96%. This result is satisfactory, because 

there are many coordinates that are similar with the real 

coordinate of receivers. 

   

B. Performance of Positioning Error 

We evaluate the results of the positioning error 

simulation for scenarios 4, 6 and 8 LEDs. Positioning 

error affects the accuracy of the simulation. The higher 

number of LEDs are used, the smaller the number of 

positioning errors, which means the system is getting 

better. This can be seen in Figure 5 which shows the 

comparison of the positioning error on the 4, 6 and 8 

LEDs scenarios. 

 

 
Figure 5. Result of random point detection using 4 LEDs. 
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Figure 6. Result of random point detection using 6 LEDs. 

 

 
Figure 7.  Result of random point detection using 8 LEDs. 

 

 
Figure 8. Comparison of positioning error. 

 

From the results presented in Figure 8, it can be 

analyzed that in a system with 4 LEDs the positioning 

error is 0.505 meters, a system with 6 LEDs has a 

positioning error of 0.187 meters and a system with 8 

LEDs has a positioning error of 0.081 meters. In general, 

the more LED lights that are installed on the room 

ceiling, the higher the accuracy value. An incremental 

linear curve can be obtained from the results of 4, 6 and 

8 LEDs scenarios. We also found that the error at the 

detected position decreases as the LED light increased. 

C. Performance of Accuracy 

We evaluate the simulation accuracy of the system. 

This is measured by comparing the accuracy of the x and 

y coordinates detected by the original and x and y 

coordinates of the system. The accuracy of each 

simulation that is carried out depends on the number of 

the LEDs used. The higher number of LEDs used, the 

higher the accuracy so that the system has a better 

performance. Figure 9 shows that if more LEDs are used, 

the more accurate the positioning system will be. In a 

system with 4 LEDs the accuracy is 72.22%, a system 

with 6 LEDs has an accuracy of 88.42% and a system 

with 8 LEDs has an accuracy of 96.62%. 

 
 

 
Figure 9. Comparison of accuracy score. 

 

  

This research proves that the increases in the 

number of LEDs will increase the accuracy and reduce 

the positioning error. In the previous research, the 

researcher focused on increasing the accuracy with a 

different method. 

CONCLUSION 

This research conducted a performance study of the 

VLC-based positioning system using the RSS method in 

a closed room. The RSS method is used in positioning 

systems because of the low difficulty level and high 

accuracy. The simulation results show that the increasing 

number of LEDs used in the system result to an 

increasing number of random points detected, which 

increases the accuracy of the receiver’s position and 

reduces the number of positioning errors.  
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