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 Visible light communication (VLC) is a new on-trend communication 

technology which offers high-speed data rate, great deployment potential in 

indoor enviroment. In VLC scenario, the positioning based on visible light 

communication (VLCP) has become one of interesting application of 

researchers. Most of existing proposed VLCP algorithms focused on 

mathematical analysis of multi-dimensional perspective based on the 

received signal strength (RSS) to enhance the accuracy without the 

consideration of dimming. However, regarding to physical characteristics of 

VLC devices and requirement of illumination, the light is increasingly 

dimmable along the time which leads to decrease transmitted optical power 

of LED as well as RSS received at the photodetector (PD)). Inspired by the 

above-mentioned constraints, this paper proposed the mathematical model to 

analyses the effect of dimming capability on the state-of-art RSS based 

positioning algorithms. Evaluation of the proposed model based on the 

metrics of RSS and position error (PE) is conducted on Matlab. 
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1. INTRODUCTION  

Light-emitting diode (LED) is a new lighting device popularly installed in illumination systems. 

Compared to traditional lighting devices such as incandescent or fluorescent lamps, the advantages of LED 

are long lifetime, reaseanable price, low power, and good visibility. Moreover, the switching time of LEDs is 

extremely fast which leads to support for high-speed communication. Thanks to this characteristic, visible 

light communication (VLC)-based LED attracts many researchers. Compared to radio-frequency, VLC 

provides several advantages, including ultra-high data transmission speeds, and improved safety [1]. There 

are several VLC-based positioning (VLCP) algorithms have been thoroughly researched in case of indoor 

case, showing more significantly more accuracy than that of RF-based systems. 

The proximity-based VLCP is a positioning methodology that locates the object based on the 

known-location LEDs. Each LED has its ID which is used for authentication between the LED and object, 

consequently, the estimated position of the object is an area of LED coverage [2], [3]. Therefore, the 

proximity method pays less attention to VLCP. Meanwhile, the fingerprinting and triangulation-based VLCP 

have more precision. The fingerprinting method identifies the object’s position by matching the online-phase 

data to offline-phase data [4]-[9]. The offline-phase data is the received energy matrix which is pre-measured 

from the transmitters, whereas the online-phase is the received signal strength (RSS) of the current object 

position. Triangulation-based VLC achieves object position using the geometric feature including angulation 

and side. Regarding angulation algorithm, the angle of arrival (AoA) method locate objects based on 
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determining the direction of incident signals from multiple LEDs. Since gaining the angle of incidence, the 

location of the object is defined as the point of intersection of such bearings [10]-[15]. Whereas, the time of 

arrival and time difference of arrival thanks to the time of arrival signals in order to determine the distance as 

the side between LEDs to the object and then derive the position of the object [16]-[19]. Meanwhile,  

a triangulation-based RSS determines this distance from LED to object through the relational Lambertian 

equation of received power and transmitted power [20]-[25]. However, this approach requires the working of 

at least three transmitters to build the three-circle equations. The position of the object is a common solution 

of this equation. 

It can be clearly seen that the lack of a fully working LED causes the high position error result. One 

of the reasons that leads to this situation is the dimming phenomenon. Dimming impacts directly on to 

change of received power as error position estimation. This paper introduces the 4x1 MISO indoor VLC 

system, and based on this system, the mathematical model is proposed to analyze as well as evaluate the 

dimming affect on the VCLP system. The remaining sections of this work is organized as follows: section 2 

introduces the 4x1 MISO system. Section 3 concentrates on the the dimming effect. Section 4 verifies 

dimming effect on the position error through the simulation result. Finally, section 5 is the conclusion. 

 

 

2. VLC SYSTEM ARCHITECTURE 

The 4x1 MISO VLC has four LED operating as transmitters and one Photodiode as a receiver 

corresponding as shown in Figure 1. Assume that the receiver moves randomly on the floor of the room and 

receive light signal transmitting from the LED. Transmitted data from LED is modulated using non-return-

zero on-off-keying (NRZ-OOK) scheme in time duration denoted by 𝑇. Suppose that each LED is generated 

by power of P. The equation shows the relationship between these parameter as follow:  

 

𝑆𝑖 = 𝑠𝑖 × 𝑢(𝑡) (1) 

 

Where: 

 𝑆𝑖  = transmitted signal of LED with index i  

𝑠𝑖 = modulated data  

 

𝑢(𝑡) = {
𝑃, 0 ≤ 𝑡 ≤ 𝑇 

0,    𝑜𝑡ℎ𝑒𝑟𝑠 
 (2) 

 

 

 
 

Figure 1. 4×1 MISO VLC system architecture 

 

 

On the photodiode side as shown in Figure 2, at certain time, the photodiode receives the data from 

four LED and LED has its ID to differentiate from each other. 

 

𝑅𝑃𝐷 = ∑ 𝜖 × 𝑆𝑖 × 𝐻𝑖 + 𝑁4
𝑖=1  with 𝑅𝑃𝐷 ≥ 𝑅 (3) 

 

The received data depends on four factors including enviromental coefficience 𝜖, transmited data 𝑆𝑖, channel 

modeling 𝐻𝑖  and noise N. Thanks to indoor scenario, enviromental coefficience 𝜖 assumes to be equal to 1 

and the absence of ambient light leads to no noise (N=0). The (3) can be rewrited under following matrix 

function:  
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𝑅𝑃𝐷(𝑡) = [𝐻1 𝐻2 𝐻3 𝐻4] [

𝑆1

𝑆2

𝑆3

𝑆4

] (4) 

 

In addtion, received power equation is only calculated in case of adapting detector sensitivity of photodiode 

(R). Channel modeling 𝐻𝑖  is Lambertian radiation function as following equation:  

 

𝐻𝑖 = {

(𝑚+1)𝐴

2𝜋𝑑𝑖
2 𝑐𝑜𝑠𝑛(𝜃𝑖)

0,       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (5) 

 

The physical area A of photodiode detector can archieves the trasmitted power, 𝜃i and 𝑑i are the angle of 

irradiance and the range between LED i and PD. 𝑛 is the Lambertian order:  

 

𝑛 =
−𝑙𝑛(2)

𝑙𝑛(𝑐𝑜𝑠(1/2)
 (6) 

 

Where 1/2 semi-angle of half intensity power of LED.  
 
 

 
 

Figure 2. MISO VLC SYSTEM channel 

 

 

3. DIMMING EFFECT 

LED is increasingly dimmed over time due to the capacitor in the driver of LED. The capacitor acts 

the components which is responsible for keeping the stable current. However, the LED flicks extremely fast 

resulting to capacitor charging and discharging process occurring as fast as LED switching. Therefore, along 

the time, capacitor does not ensure full operation which leads to reducing the power of LED. Assume that the 

power of LED is a function of time, and intend decreasingly along the time as flowing: 

 

𝑃𝑐 = 𝑃𝑖 × 𝑎𝑡 with 0 < 𝑎 < 1 (7) 

 

Where 𝑃𝑐 is the current power of LED, 𝑃𝑖  is initial power, radix a and time t present the degradation along the 

lifetime of LED (L). The lifetime of LED depends on the operating hours of LED. In this paper, the white 

LED is assuming used, the lumen maintenance level of LED is experimented and demonstrated at 70% 

(𝐿70) and 50% (𝐿50) after 35.000 hours and 50.000 operation hours respectively as shown Figure 3. This 

level involved in the power distribution as well as the RSS of photodiode in MISO system as shown Figure 4. 

Figures 4(a), 4(b), 4(c) figures out the power distribution of LEDs correspoding different luminance level 

(𝐿100, 𝐿70, 𝐿50). 
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Figure 3. The degradation of LED along the time with 𝑃𝑖  =10 w and a=0.91469 

 

 

   

(a) (b) (c) 

 

Figure 4. Power distribution of four LED with (a) 𝐿100, (b) 𝐿70, and (c) 𝐿50 

 

 

4. TRIANGULATION BASED VLCP 

Triangulation is one of the logical positioning strategies for indoor environment. At least three 

transmitters are needed in order to localize the receiver. The position of receiver is common variable of three 

equation, which is obtained through three transmitters independently as shown in Figure 5. The centers of 

which represent the projection the LED’s locations on the 2-D floor.  

 

 

 
 

Figure 5. Triangulation based VLCP 

 

 

Three circles can be written under the following equations:  

 

(𝑥 − 𝑎1)2 + (𝑦 − 𝑏1)2 = 𝑟1
2 

(𝑥 − 𝑎2)2 + (𝑦 − 𝑏2)2 = 𝑟2
2 (8) 

(𝑥 − 𝑎3)2 + (𝑦 − 𝑏3)2 = 𝑟3
2 

 

(𝑎1, 𝑏1), (𝑎2, 𝑏2), (𝑎3, 𝑏3) are coordination of center of circles as well as transmitter 𝑆1, 𝑆2, 𝑆3 respectively. 

The 𝑟1, 𝑟2, 𝑟3 which are radius of circles, they also are the range between the projection of transmitter to 

photodiode. These radius inferred from RSS of LED and trilateration methods depicted in Figure 6. the RSS 

of photodiode is one of data which is addressed to achieve 𝑑𝑖 through channel model 𝐻𝑖 , then, the radius 𝑟𝑖  is 

caculated as a side of right triangle.  
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𝑟𝑖 = |√𝑑𝑖
2 + (𝑧)2| (9) 

 

 

 
 

Figure 6. Propagation model of VLC system 

 

 

5. SIMULATION AND DISCUSSION 

The simulation is verified by using MATLAB software. 3x1 MISO VLC system uses the three LEDs 

as the transmitters and one Photodiode as one receiver. Tables 1 and 2 shows the simulation parameters. 
 

 

Table 1. Transmitter coeficients 
Parameter Value 

Dimension 2m × 2m × 3m (LxWxH) 

Transmitters 3 

Transmitter location (x, y) 𝑆1 = [0.5 0.5]; 

𝑆2 = [1 1.5]; 

𝑆3 = [1.5 0.75]; 

Transmitter power 10 W 
LED bandwidth 3 MHz 

Data rate 2 Mbps 

 

 

Table 2. Rx parameter 
Name Value 

Photodiode type OSD-15T 

Photodiode sensitivity  -30 dBm 
Field of view  180° 

SNR 70 dB 

 

 

Firstly, the position of object is obtained by applying the fingerprinting algorithm. The 

fingerprinting algorithm ultilizes the mapping the offline mapping data to the online mapping data to achieve 

the object’s position. Figure 7 show the position examination (x, y) in the dimension of room and Figure 8 

depictes the offline is collected by the measuring the total received signal strength from the LED. 
 
 

  
 

Figure 7. The examination step for obtaining the 

offline data 

 

Figure 8. Offline data-based power distribution of 

LEDs 
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Secondly, to evaluate the effect of dimming phenomenon on the VLCP system. The position error 

(PE) of normal status of system (𝐿100) must be examined as shown Figure 9. In this case, the received energy 

of online phase is matched the offline phase, thus the PE is low under 0.5 × 10−14(𝑚). Whereas, for status of 

lumen maintenance level 𝐿70, the PE increases up to avarage of 1.5m as depicted in Figure 10. The reducing 

of the optical transmitted power leads the error in calculating the distance between LED to photodiode. 

Therefore, the dimming of LED is proportional to error distance as well as PE, this is more clearly 

demonstrated through Figure 11 in case of lumen maintenance level 𝐿50, peak point of PE is 3 m. 
 

 

 
 

Figure 9. Position error for the normal case 
 

 

  
 

Figure 10. Position error for 𝐿70 case 
 

Figure 11. Position error for 𝐿50 case 
 

 

6. CONCLUSION 

The paper focuses on the proposing the 4x1 MISO VLC system and addresses the VLC based 

positioning. In addition, the dimming phenomenon is mentioned and analyse its impact on the power 

distribution of LED in room. The variation of received power leads to position error increase which is 

demonstrated and verify through simulation. 
 

 

FUNDING INFORMATION 

The authors confirm that no external funding was received for the research presented in this paper, 

with this work being conducted independently without the support of any grants or funding agencies. 

Therefore, the authors state no funding involved in the preparation and publication of this article. 
 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration. 
 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Trang Nguyen ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓ ✓    

Dat Vuong ✓ ✓ ✓ ✓ ✓ ✓    ✓  ✓ ✓  
 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

 Analysis and evaluation about the dimmable light affect positioning-based … (Trang Nguyen) 

187 

CONFLICT OF INTEREST STATEMENT  

The authors declare that they have no known competing financial interests or personal relationships 

that could have appeared to influence the work reported in this paper. If there are no conflicts of interest, 

please include the following author’s statement: Authors state no conflict of interest. 

 

 

DATA AVAILABILITY  

- The data that support the findings of this study are available from the corresponding author, [D. Vuong], 

upon reasonable request. 

 

 

REFERENCES 
[1] Y. Luming, L. Wang, Z. Hao, Y. Luo, “High-speed micro-LEDs for visible light communication: challenges and progresses, 

Semiconductor Science and Technology, vol. 37, no. 2, 2021, doi: 10.1088/1361-6641/ac40ec. 

[2] Y. U. Lee and M. Kavehrad, “Two hybrid positioning system design techniques with lighting LEDs and ad-hoc wireless 

network,” in IEEE Transactions on Consumer Electronics, vol. 58, no. 4, pp. 1176-1184, November 2012, doi: 

10.1109/TCE.2012.6414983.  

[3] Y. U. Lee, J. Park, S. Bang and Z. Zhou, “Hybrid positioning with lighting LEDs and Zigbee multihop wireless network,” 
Proceedings of SPIE - The International Society for Optical Engineering, 2012, vol. 8282, pp. 144-150, doi: 10.1117/12.918461. 

[4] D. Vuong et al., “A novel integrated model for positioning indoor MISO VLC exploiting non-light-of-sight communication,” 

2022 16th International Conference on Ubiquitous Information Management and Communication (IMCOM), Seoul, Korea, 
Republic of, 2022, pp. 1-5, doi: 10.1109/IMCOM53663.2022.9721812.  

[5] M. Nassiri, G. Baghersalimi and Z. Ghassemlooy, “A hybrid VLP and VLC system using m-CAP modulation and fingerprinting 

algorithm,” Optics Communications, vol. 473, p. 125699, 2020, doi: 10.1016/j.optcom.2020.125699.  
[6] M. Xu, W. Xia, Z. Jia, Y. Zhu and L. Shen, “A VLC-based 3-D indoor positioning system using fingerprinting and k-nearest 

neighbor,” 2017 IEEE 85th Vehicular Technology Conference (VTC Spring), Sydney, NSW, Australia, 2017, pp. 1-5, doi: 

10.1109/VTCSpring.2017.8108345.  
[7] S. Xu, Y. Wu, X. Wang and F. Wei, “Indoor high precision positioning system based on visible light communication and location 

fingerprinting,” in Journal of Lightwave Technology, vol. 41, no. 17, pp. 5564-5576, 1 Sept.1, 2023,  
doi: 10.1109/JLT.2023.3265171.  

[8] I. M. Abou-Shehada, A. F. Al-Muallim, A. K. AlFaqeh, A. H. Muqaibel, K. -H. Park and M. -S. Alouini, “Accurate indoor visible 

light positioning using a modified pathloss model with sparse fingerprints,” in Journal of Lightwave Technology, vol. 39, no. 20, 
pp. 6487-6497, Oct.15, 2021, doi: 10.1109/JLT.2021.3098005.  

[9] A. Sahin, Y. S. Eroglu, I. Guvenc, N. Pala and M. Yuksel, “Accuracy of AoA-based and RSS-based 3D localization for visible 

light communications,” 2015 IEEE 82nd Vehicular Technology Conference (VTC2015-Fall), Boston, MA, USA, 2015, pp. 1-5, 
doi: 10.1109/VTCFall.2015.7390827.  

[10] X. Sun, Y. Zou, J. Duan and A. Shi, “The positioning accuracy analysis of AoA-based indoor visible light communication 

system,” 2015 International Conference on Optoelectronics and Microelectronics (ICOM), Changchun, China, 2015,  
pp. 186-190, doi: 10.1109/ICoOM.2015.7398801.  

[11] S. Li, S. Shen and H. Steendam, “A positioning algorithm for VLP in the presence of orientation uncertainty,” Signal Processing, 

vol. 160, pp. 13-20, 2019, doi: 10.1016/j.sigpro.2019.02.014. 
[12] Y. S. Eroglu, I. Guvenc, N. Pala and M. Yuksel, “AoA-based localization and tracking in multi-element VLC systems,” 2015 

IEEE 16th Annual Wireless and Microwave Technology Conference (WAMICON), Cocoa Beach, FL, USA, 2015, pp. 1-5,  

doi: 10.1109/WAMICON.2015.7120424.  
[13] B. Zhu, J. Cheng, Y. Wang, J. Yan and J. Wang, “Three-dimensional VLC positioning based on angle difference of arrival with 

arbitrary tilting angle of receiver,” in IEEE Journal on Selected Areas in Communications, vol. 36, no. 1, pp. 8-22, Jan. 2018,  

doi: 10.1109/JSAC.2017.2774435.  
[14] H. Steendam, “A 3-D positioning algorithm for AoA-based VLP with an aperture-based receiver,” in IEEE Journal on Selected 

Areas in Communications, vol. 36, no. 1, pp. 23-33, Jan. 2018, doi: 10.1109/JSAC.2017.2774478. 

[15] X. Sun, J. Duan, Y. Zou, and A. Shi, “Impact of multipath effects on theoretical accuracy of TOA-based indoor VLC positioning 
system,” Photonics Research, vol. 3, no. 6, pp. 296–299, 2015, doi: 10.1364/PRJ.3.000296. 

[16] A. Naeem, N. U. Hassan, M. A. Pasha, C. Yuen and A. Sikora, “Performance analysis of TDOA-based indoor positioning systems 

using visible LED lights,” 2018 IEEE 4th International Symposium on Wireless Systems within the International Conferences on 
Intelligent Data Acquisition and Advanced Computing Systems (IDAACS-SWS), Lviv, Ukraine, 2018, pp. 103-107, doi: 

10.1109/IDAACS-SWS.2018.8525567.  

[17] S. M. Sheikh, H. M. Asif, K. Raahemifar and F. Al-Turjman, “Time difference of arrival based indoor positioning system using 
visible light communication,” in IEEE Access, vol. 9, pp. 52113-52124, 2021, doi: 10.1109/ACCESS.2021.3069793.  

[18] T. Akiyama, M. Sugimoto and H. Hashizume, “Time-of-arrival-based smartphone localization using visible light 

communication,” 2017 International Conference on Indoor Positioning and Indoor Navigation (IPIN), Sapporo, Japan, 2017, pp. 
1-7, doi: 10.1109/IPIN.2017.8115904. 

[19] S. Büyükçorak and G. Karabulut Kurt, “A bayesian perspective on RSS based localization for visible light communication with 

heterogeneous networks extension,” IEEE Access, vol. 5, pp. 17487-17500, 2017, doi: 10.1109/ACCESS.2017.2746141.  
[20] M. Al-Nassrawi, H. Le-Minh, Z. Ghassemlooy, T. T. Son and M. Zhang, “Indoor positioning using single transmitter for visible 

light communications system,” 2017 First South American Colloquium on Visible Light Communications (SACVLC), Santiago, 

Chile, 2017, pp. 1-6, doi: 10.1109/SACVLC.2017.8267608. 
[21] T. T. Son, “Adaptive received signal strength-based localization and channel state information estimation model for indoor 

multiple-input multiple-output visible light communication using the distance vector,” Optical Engineering, vol. 62, no. 11, 2023, 

doi: 10.1117/1.OE.62.11.118104.  
[22] T. The Son, H. Le-Minh, F. Mousa, Z. Ghassemlooy and N. Van Tuan, “Adaptive correction model for indoor MIMO VLC using 

positioning technique with node knowledge,” 2015 International Conference on Communications, Management and 

Telecommunications (ComManTel), DaNang, Vietnam, 2015, pp. 94-98, doi: 10.1109/ComManTel.2015.7394267.  



           ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 40, No. 1, October 2025: 181-188 

188 

[23] L. Albraheem and S. Alawad, “A hybrid indoor positioning system based on visible light communication and bluetooth RSS 

trilateration,” Sensors, vol. 23, no. 16, p. 7199, 2023, doi: 10.3390/s23167199. 
[24] W. M. Salama, M. H. Aly, and E. S. Amer, “VLC localization: deep learning models by Kalman filter algorithm combined with 

RSS,” Optical and Quantum Electronics., vol. 54, no. 9, p. 584, 2022, doi: 10.1007/s11082-022-03985-1. 

[25] U.S. Department of Energy, “Lifetime of white LEDs,” Energy.gov. [Online]. Available: 
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/lifetime_white_leds.pdf. [Accessed: October 28, 2024]. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Trang Nguyen     completed her Master’s program in Electronics Engineering in 

2016 and is currently a Ph.D. candidate. Her master’s thesis focused on research in Visible 

Light Communication. Her new research direction is now in AI accelerator. She can be 

contacted at email: trangnth@vku.udn.vn. 

 

 

Dat Vuong     In 2010, he got his B.Eng. in telecommunications and electronic 

engineering from the University of Science and Technology, the University of Da Nang, 

Vietnam, and in 2013, he received his M.Sc. in the same field from Sheffield Hallam 

University in Sheffield, England. He completed his Ph.D. in 2018 at the Soongsil University’s 

School of Electronic Engineering in South Korea. His research interests include antenna 

communication, wireless communication, and visible light communication. Currently, he is 

lecturer at the Viet-Korea University of Information and Communication Technology. He can 

be contacted at email: vcdat@vku.udn.vn. 

 

https://orcid.org/0000-0003-1964-7106
https://www.scopus.com/authid/detail.uri?authorId=57516358500

