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Abstract 

This article discusses the deployment of effective communication networks for smart IoT-based smart patient 

monitoring in medical facilities, advocating for the adoption of Visible Light Communication (VLC) technology. 
Initially, the physical scenario is analyzed, taking into account factors such as line-of-sight (LOS) and nonline-of-

sight (NLOS) channel components. Furthermore, a transmitter is designed to offer a substitute in the event of 
potential disruptions due to patient motion or loss of line-of-sight elements. The performance of the proposed 

system is verified under certain performance metrics, such as the Channel Impulse Response (CIR) and the 
Cumulative Distribution Function (CDF), with respect to power measurements at different points. The results 

highlight the effects that NLOS rays have on the received data and the received power. Therefore, this study 
serves as a step towards the development of more sophisticated systems for patient monitoring using enabling 
technologies such as VLC. 
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Abstract—This article investigate the deployment of effective
communication networks for smart IoT-based smart patient
monitoring in medical facilities, advocating for the adoption
of Visible Light Communication (VLC) technology. Initially,
the physical scenario is analyzed, taking into account factors
such as line-of-sight (LOS) and nonline-of-sight (NLOS) channel
components. Furthermore, a transmitter is designed to offer
a substitute in the event of potential interruptions due to
patient motion or loss of line-of-sight elements. The performance
of the proposed system is verified under certain performance
metrics, such as the Channel Impulse Response (CIR) and the
Cumulative Distribution Function (CDF), with respect to power
measurements at different points. The results highlight the effects
that NLOS rays have on the received data and the received power.
Therefore, this study serves as a step towards the development of
more sophisticated systems for patient monitoring using enabling
technologies such as VLC.

Index Terms—E-HEALTH, IoT, optical channels, smart patient
monitoring, visible light communication (VLC).

I. INTRODUCTION

Remote patient monitoring is an increasingly common

practice in the field of medicine, with growing applications,

especially during the COVID-19 pandemic [1]. To satisfy

remote monitoring requirements, such as data stability and

transmission speed, various technologies and communication

media have been used, most of which involve wireless com-

munications between signal transmitters and hubs. These tech-

nologies allow wireless measurement and transmission of vital

signs such as blood pressure, heart rate, oxygen saturation,

and patient temperature. Currently, technologies such as video

telemonitoring systems [2] and internet of things (IoT) systems

[3], [4] enable wireless and remote monitoring of patients.

Among the advantages provided by wireless communication

systems for monitoring patients, we can include increased

patient comfort and mobility, improved efficiency in medi-

cal care (by reducing the need for manual measurements),

flexibility, and scalability, among others. Therefore, it can be

said that these technologies contribute to more effective and

high-quality medical care. However, these days there are more

modern alternatives that allow us to mitigate problems such

as RF interference and help to make better use of indoor

environment elements, such as hospital lighting. Furthermore,

smart health based on the IoT requires low-power, green

communication and connectivity. Therefore, visible light com-

munication (VLC) is one of the candidates to meet these

requirements.

In this context, VLC technology has emerged as a promising

alternative for data transmission between monitoring devices

and base stations. This technology uses visible light as

the communication medium, which is a complementary and

promising option compared to the other options mentioned

above for wireless patient monitoring. This communication is

achieved by modulating the intensity of light emitted by a

light-emitting device called a light-emitting diode (LED) to

transmit information. One of its various applications is in data

transmission in light-fidelity (Li-Fi) systems, enabling wire-

less connectivity in an indoor environment through already

installed lighting [5], [6].

The application of VLC systems in hospitals is a paradigm

that has evolved and has gained greater importance over time.

Some research refers to its implementation, as in the article

presented in [7], which discusses the use of VLC in hospitals

to provide Li-Fi as a type of connection. This article reports on

an experimental transmission study in a typical neurosurgery

room. In the paper described in [8], E-HEALTH is discussed

as an efficient complement to traditional medical care services,

and to support its use, the proposal includes the implementa-

tion of a VLC system to create a hybrid system to improve

indoor hospital applications. In these two mentioned articles,

the use of VLC systems is reflected, improving different areas

of the hospital to improve established systems or provide better

services.

In addition to the previously described use of VLC in

hospitals, its application in patient monitoring has also been

considered. In the article presented in [9], the use of optical

wireless communication (OWC) is described, involving data

transmission through infrared communication (IR) and propos-

ing a periodic data scheme to transmit data from multiple

patients. The article described in [10] presents a sensor system

that uses VLC technology to transmit patient data, such as

electrocardiograms, temperature, and photoplethysmography.

Despite the research presented, various crucial aspects re-

garding the use of VLC in this environment have yet to

be evaluated. These aspects may include improvements in

transmission rates through encoding methods, consideration of

different locations for the optical receiver, potential nonline-

of-sight (NLOS) issues that may arise between the transmitter
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and receiver, or challenges related to data detection when the

patient moves the transmitter or if it is obstructed by any

object.

This article is intended to contribute to patient monitoring

systems in hospitals using VLC technology by addressing

potential reflections in a room. It proposes a new type of

transmitter designed to accommodate obstacles or patient

movements, considering various points where a receiver can be

placed. To evaluate the proposed solution in these scenarios,

a simulation developed in Matlab software will be performed.

The simulation will verify different receiver positions by

analyzing the channel impulse response (CIR) and the cu-

mulative distribution function (CDF) of the received powers.

This analysis takes into account a certain number of calculated

reflections.

The remainder of the paper is organized as follows. Section

II introduces the system model, encompassing factors such

as optical transmitter, optical receiver, and channel represen-

tation. Section III presents the parameter values considered

in the simulation, along with the optical receiver locations

that will be evaluated. In Section IV, a system performance

assessment is conducted through CIR curves and a CDF of

received powers to generate an analysis based on the results

obtained. Finally, Section V provides the conclusion of the

article.

II. SYSTEM MODEL

The proposed model comprises two essential elements that

facilitate VLC communication for monitoring: the transmitter

(LED) and the optical receiver, which consists of a photodiode

(PD). The LED is placed on the patient’s wrist, alongside

an information processing system that gathers the required

user data for transmission. The transmitter is designed as a

wristband-style instrument, featuring two separate LEDs to

maintain continuous communication, even in the event of

180o rotation of the transmitter. The graphical sketch of the

transmitter can be observed in Figure 1.

On the other hand, the receiver’s position is analyzed to

be located on one side of the room, as close as possible to

the patient and pointing towards a corner of the room. This

location was adopted to minimize the presence of obstacles in

the path of the light beam. However, the existence of various

light rays, generated by reflections known as NLOS, must still

be considered, as shown in Figure 1.

Regarding the mathematical formulation of the system,

based on the conventional wireless communication model, the

relationship between the transmitter, receiver, and channel can

be described as follows [11], [12]:

y = h ∗ x+ w, (1)

where y is the received signal, h is the impulse response in

the optical channel, x is the transmitted signal, and w is the

Gaussian noise.

Equation 1 is a simplification of the optical system model.

In the case of this manuscript, its adaptation is based on the

reference system in Figure 2. The mathematical models of the

components of the developed system will be described in the

following subsections.

Figure 1. Proposed scenario with the respective applied rays.

Figure 2. Reference system.

A. Transmitter

The transmitter is the first element of the system and is

where the processing of the data to be transmitted takes place.

When establishing a sequence of processes, the transmitter

block diagram is described in Figure 2. In this scheme, we

can observe that the signal is first modulated and will be

transmitted by the LED by converting it from digital to analog

using the digital analog converter (DAC).

The mathematical model of the transmitter can be repre-

sented as [12]:

x = τσξPaxa. (2)

Various components of equation 2 refer to processes or

effects that occur in the transmitter (Tx), where τ is the

electro-optical conversion efficiency, σ is the responsivity of

the photodetector, ξ is the modulation index of the transmitter,

xa is the electrical signal transmitted by Tx, and Pa is the

average optical power at the output of Tx.

B. Channel

The system model implemented in this work considers the

effect of the LED transmitting a light signal through an optical

channel in a typical indoor environment, taking into account

the line-of-sight (LOS) and NLOS components of the channel.

Therefore, the base VLC channel model we consider can be

expressed by the sum of both components in the following
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way [11], [13]:

h = hLOS +
I

∑

i=1

hNLOSi
, (3)

where hLOS is the light beam formed by the line of sightand

hNLOS is the sum of all the I reflections that may exist in

the scenario.

In the case of the interaction generated by the LOS com-

ponent, it is simpler and takes into account fewer problems in

the environment. Therefore, it is the ideal case. This channel

component is modeled based on the Lambertian radiation

model, which is shown in the following equation:

hLOS =
A

d2
R(ϕ)F (φ)C(φ) · cosφ, (4)

where A is the active area of the PD, d is the Euclidean

distance between the LED and the PD, φ is the angle at

which the light impacts the PD, F (φ) is the gain of the LED’s

optical filter, C(φ)C(φ) is the gain of the concentrator, ϕ is the

irradiance angle, R(ϕ) is the intensity of the LED transmitter.

The function R(ϕ) is defined by the following expression:

R(ϕ) =

[

η + 1

2π

]

cosη ϕ, (5)

where η is the Lambertian index, which is defined as:

η = log2(cosφ1/2)
−1, (6)

with φ1/2 being half of the angle of incidence of light on PD.

For the NLOS case, our implementation is based on the

following expression, which follows the typical Lambertian

model of secondary irradiation [14]:

hNLOS(t, S,Rx) =
∞
∑

k=0

h
(k)
NLOS(t, S,R). (7)

This expression is derived from a single origin point, which

will be called S, and a destination point on the receiver,

which will be called R, represented in a scenario that emulates

a room. Therefore, hNLOS(t, S,R) describes the impulse

response with k reflections [11], [5].

hNLOS(t, S,Rx) =
η+1
2π

∑K
j=1 ρj cos

η(ϕj)
cos(φ)
d2

Sj

rect
(

2φ
π

)

×h
(k−1)
nlos

(

t−
dSj

c , S,Rx

)

∆A,

(8)

where k is the number of reflections, ρj is the reflection

coefficient of j, dSj is the distance between j and S, h
(k−1)
nlos

is the impulse response of order k− 1 between the reflector j
and Rx, and ∆A is the reflective area.

C. Receiver

According to the scheme mentioned at the beginning of this

Section, the optical receiver is made up of three main blocks,

as can be seen in Figure 2. In this sense, the main components

of a VLC receiver are a PD, an analog-to-digital converter

(ADC) and a signal demodulator.

Table I
SIMULATION PARAMETERS

Parameters Values
Length 3 m
Width 3 m
Height 3 m
Power 1 Watt
Field of view (FOV) 85°
Aperture Diameter 0.03 m
Reflection Coefficient 0.6
Lambertian Index 1
Distance between transmitters 7 cm

Figure 3. NLOS Rays from Tx.

III. PARAMETERS AND CHARACTERISTICS OF THE

SIMULATION

This Section focuses on evaluating the performance of the

proposed VLC system applied to an indoor environment that

simulates a hospital scenario. This evaluation is carried out

through computational simulations developed in MATLAB,

integrating the characteristics of the designed components and

the VLC channel. The characteristics and parameters used

for the development of the simulations, together with their

respective values and references, can be observed in Table I.

A. General Configuration of Transmission and Reception

Throughout all the tests conducted in the scenario, constant

aspects were maintained in the simulations, such as the rays

sent by the optical transmitter or how the optical receiver

would receive the rays.

In the first case, the transmitter was configured to contin-

uously generate a light beam directed directly at the optical

receiver. Additionally, an NLOS beam was added, from which

another ten beams were generated on the basis of this premise.

However, only as a graphical reference, the first four beams are

observed in Figure 3. In this Figure, we denote i as the number

of the generated ray. As a second case, the optical transmitter

was configured to emit a beam with two bounces, in which the

second bounce, just like the rays from the optical transmitter

in the first case, will be directed towards the receiver.

Regarding the receiver, it is simply evaluated whether

the ray, after bounce, can impact PD, meeting the effective

reception area based on the FOV, as can be seen in Figure 4.

2024 14th International Symposium on Communication Systems, Networks and Digital Signal Processing (CSNDSP)

617
Authorized licensed use limited to: b-on: Instituto Politecnico do Porto. Downloaded on September 10,2024 at 14:47:07 UTC from IEEE Xplore.  Restrictions apply. 



Figure 4. Reception of Rays in Rx.

Figure 5. Sketch of the simulated scenario with points referencing the
location of the LEDs and the PD.

B. General Configuration of the Scenario

To apply specific analysis cases in the simulated scenario,

for simplicity and to establish a baseline for the study, it

was decided to set the transmitter and receiver at the same

coordinate on the y axis, as can be seen in Figure 5. In the ref-

erenced figure, the distance between the transmitters sketches

their position on the bracelet, which could be optimized to

improve its performance in future work. The positions of

the transmitters for each case of the angles for the NLOS

rays are described in Table II. To evaluate the results of

the cases established in this scenario, the transmission of a

binary code will be simulated, and it will be observed how

the channel affects this message when it is received by the

receiver. Moreover, one of the metrics chosen to evaluate the

performance of the system is the CIR. To obtain various CIR

curves, five different points in the scenario were evaluated

and arbitrarily considered to focus the channel responses on

distant points and observe the behavior of the graphs. These

Table II
POSITION OF SCENARIO ELEMENTS

Object Parameters Values
Tx1 Position (2,2,1)m

Aiming Direction (0,0,1)
Irradiance Angle (ϕNLOS ) 65

o

Tx2 Position (2,2,0.93)m
Aiming Direction (0,0,-1)
Irradiance Angle (ϕNLOS ) 40

o

Rx Position (3,2,2.3)m
Aiming Direction (-3,0,-2)

Figure 6. Reference points to obtain the CIR.

Figure 7. Reference points to obtain the CDF of the received power.

points can be seen as referenced in Figure 6 and correspond

to positions P1 (0,0,3), P2 (1,3,3), P3 (2,2,3), P4 (0,1.5,3), P5

(3,2.5,3), respectively. It should be noted that for visual and

practical effects, Figure 6 is shown only in two dimensions,

with the point (0,0,0) being the reference coordinate axis.

Finally, an important parameter that will allow for the

verification of the system’s performance is the received power,

which will be presented as a CDF. To characterize the CDF,

49 points on the ceiling were evaluated and the maximum

powers measured at those points were verified. In Figure 7,

the reference points and the distance of 0.25 m chosen as the

separation between the center of each point are shown.

IV. ANALYSIS AND DISCUSSION OF THE RESULTS

In this section, the performance of the system is presented

in the different cases and reference positions that were cho-

sen, with the first case being a proposed scenario regarding

the transmitter and receiver positions, and the second case

involving measurements made for different reception points

to evaluate the performance of the proposed configuration. As

a binary test code, for both cases, the message 1011010, was

sent, which can be observed in Figure 8. This message was

chosen only for demonstration purposes.

A. First Case

Based on the reception of this binary code when passing

through the VLC channel, a CIR is obtained, which can be
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Figure 8. Modulated Test Binary Code

Figure 9. CIR Obtained from the First Simulation

seen in Figure 9. Here, we can observe the LOS component

with greater magnitude and the NLOS components with a

temporal delay and lesser magnitude.

According to Equation 1, when performing the convolution

of the transmitted signal with the VLC channel, it can be

observed that the signal is affected in amplitude and pulse

width due to the influence of the channel. However, the

message is still processed correctly, as can be seen in Figure

10.

The results obtained in this first case demonstrate that,

Figure 10. Results of the First Simulation

Figure 11. CIR Curves of Five Different Points in the Scenario.

within this scenario and with the conditions given in the

simulation, the signal is not critically affected to the point of

compromising the transmitted message. Therefore, within the

ideal conditions proposed, there are still not enough obstacles

or elements in the scenario that would degrade the signal and

diminish the adequate performance of the developed system.

B. Second case

Considering the reference positions chosen in Section 3, a

CIR curve was obtained for each point, which can be observed

in Figure 11. This graph describes the five CIRs of the channel,

taking into account the delays and arranging them according

to the distance between the transmitter and the optical receiver.

The results obtained show a significant difference in the

evaluation compared between different points. For example,

at point P4(0,1.5,3) a significantly higher maximum power is

obtained compared to the rest of the evaluated points. This

could be due to the simulated bounces, as these occur on the

same wall where P4 is positioned. Consequently, the peak

of this CIR curve is in the NLOS components. Therefore,

these are amplified and manage to generate significantly higher

power than the rest of the maximum points evaluated in the

CIR curves.
Finally, by obtaining the CDF of the power received for the

49 points at the ceiling of the scenario, the graph described in

Figure 12 is obtained.
It can be seen in the CDF result that, in most of the points

evaluated, the maximum power achieved in the sent pulses

is usually not greater than 4 × 10−4 W. This result can be

attributed to the simulated bounces, as they only bounce off

one wall. Indeed, the higher probability is that the lower

powers are related to the distance between the transmitter and

the receiver along with the absence of the LOS component or

the few NLOS rays that reach the receiver at the same delay.
An important detail to analyze and mention is the highest

power obtained among the 49 measured points, which can be

observed in Figure 13. This power occurs at the point (0,2,3),

which is located at the same y coordinate as the transmitter,

and, the receiver, is located next to the wall to which all

the simulated NLOS rays are applied. This condition implies

achieving an effect similar to that seen in Figure 11, where the

best CIR curve is obtained by the accumulation of NLOS rays
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Figure 12. CDF of the Received Power

Figure 13. CIR of the point where the highest power was obtained

on a wall and at a distance similar to that from the bounce

point to the receiver.

V. CONCLUSIONS AND FUTURE CONSIDERATIONS

This paper has provided an exploratory basis for the im-

portance of efficient communication systems in the context

of patient monitoring in hospital environments using VLC.

Throughout the article, various aspects regarding patient mon-

itoring have been proposed, highlighting the errors that a

message can undergo when affected by different elements of

the scenario, such as patient movement or obstacles that may

exist between the transmitter and receiver. As a result of this

research, a new transmitter has been proposed for these types

of environment, along with evaluating channel performance

when considering NLOS elements in the transmission channel.

The validation of the proposed system has been carried

out under a simulation environment, which allows varying

the distribution of VLC receivers in a hospital environment,

similar to a patient’s room, and verifying the variations that

a message can have. The results obtained suggest a clear

existence of optimal points when considering the proposed

rays, Furthermore, due to the distance and the effects of the

channel, there are no significant modifications in the data

transmission that would distort the message being transmitted.

In general, the proposed system shows significant potential

for patient monitoring in hospital settings. As progress is

made in this line of research, it will be essential to refine

the proposed model and consider additional characteristics of

hospitals and data transmission via light. Variables such as

interference from other electronic devices, the presence of

temporary obstacles, and the variability of the arrangement

of patients and medical staff, along with more NLOS rays

that could compromise the integrity of the message to be

transmitted, could be considered.
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