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Abstract: This paper explores the integration of intelligent reflecting surfaces (IRS) with visible light communication 

(VLC) to enhance optical communication reliability and mitigate link blockage. We particularly focus on a patient vital 

signal monitoring system in a hospital, where a wireless optical device-to-device (D2D) unit transmits signals to a 

monitoring center. Our study highlights the benefits of using an IRS, demonstrating that a 35-unit IRS array can double 

the received optical power compared to traditional non-line-of-sight (NLOS) links. We also propose an optimal placement 

strategy for IRS on indoor area walls to maximize the signal-to-noise ratio (SNR) and minimize the bit error rate (BER), 

considering constraints specific to optical wireless communication. We formulate and solve an optimization problem to 

determine the best IRS location, aimed at achieving ubiquitous communication with minimal BER. Numerical results 

illustrate the system's effectiveness in enhancing optical link reliability for patient monitoring. The findings indicate that 

optimal IRS placement can result in a BER as low as
82.48 10− , and with adjustments to the photodetector orientation, 

an even lower BER of around
106.32 10− can be achieved without increasing transmitter power. This research 

underscores the potential of IRS in improving the performance of VLC systems, particularly in critical applications such 

as healthcare monitoring. 

Keywords: Intelligent reflecting surface (IRS), device-to-device (D2D), bit error rate (BER), non-line-of-sight (NLOS), vital 

signal monitoring system, signal to noise ratio (SNR). 
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1. INTRODUCTION 

1.1. Background 

Device-to-device (D2D) communication enables 

communication devices to be directly linked with each other 

without the need for a central base station [1]. For instance, 

efficient data sharing, collaboration between devices, and 

improved reliability in dense network environments can be 

achieved with D2D. In 6G, D2D communication can be 

further improved by utilizing visible light communication 

(VLC) [1]. D2D communication through VLC can enable 

local, fast, and efficient data transfer, by reducing the load on 

the overall network. Therefore, VLC can be a good option for 

machine-type communications (MTC) in the hospital 

environment [1]. However, such a link can be blocked many 

times by people and objects especially in dense hospital 

environments. As depicted in Fig. 1, intelligent reflecting 

surface (IRS) helps us to overcome the blockage of direct or 

line-of-sight (LOS)  links as well as the random orientation of 

receiver/transmitter in VLC links by modifying the 

configuration of the optical channel. In the lack of a LoS path, 

the IRS link can provide a connection with higher quality-of-

service (QoS), more reliability and higher flexibility 

compared to the classical non-line of sight (NLOS) link (from 

a wall, sofa, etc.) in an indoor hospital environment [2]. By 

finding the optimal location of IRS units, the benefits of IRS 

can be increased and the probability of outage in LOS links 

can be reduced. 

             Check for 
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Fig. 1: Basic schematic of an IRS-assisted VLC system in 

overcoming the random orientation of the optical detector and link 

blockage. 

Implementing intelligent reflecting surfaces (IRS) in a 

real-world hospital involves several technical issues such as 

[1-8]: i) site survey and assessment, to ensure optimal 

placement of IRS for effective coverage; ii) integration 

with existing infrastructure to avoid interference and 

ensure compatibility with existing wireless networks and 

medical devices; iii) accurate signal modeling is 

necessary due to the presence of walls, corridors, medical 

equipment, etc. that can attenuate the signal’s strength; iv) 

staff training is crucial for successful deployment; v) signal 

quality index (SQI) should be considered as a metric to check 

the quality of the received signal, etc. 

1.2. Related Works 

Several studies have pointed out the pros and cons of 

combining IRS with indoor VLC communication (see for 

instance [4-10]). 

The pioneering research in the field of using VLC as a 

transmission medium for monitoring the patient's vital signals 

was performed in [9, 10]. In these works, VLC is introduced 

as an emerging technology that can take over the role of radio 

frequency signals in hospital data transmission. These studies 

deal with general schematic of optical transmitters and 

receivers, but they do not mention the problems of applying 

visible light in transmitting and receiving data. 

In [3], the authors have provided a depth literature survey 

of VLC-enabled patient monitoring systems and indoor 

localization where they present some of the major challenges 

and some of the open issues in the field of VLC-enabled 

healthcare.  

In [4], the authors have compared meta-surface and 

mirror-type IRS where they have extracted the required phase 

changes of various reflecting surfaces for choosing an optimal 

power concentration method. However, in this study, the 

inherent constraints and required optimization of IRS are not 

addressed.  

A framework for integrating IRS with indoor VLC 

systems is proposed in [5], where an overview of IRS and its 

advantages, different IRS types and its main applications in 

VLC systems are presented. Moreover, the authors have also 

investigated the capacity of IRS to overcome the effects of 

receiver’s random orientation and blockage of optical links.  

In [6], to tackle with receiver’s random orientation, the 

authors have proposed an IRS-aided indoor VLC system with 

an optimal irradiance angle guided toward the user subject, 

which can facilitate optimal orientation of the IRS element in 

order to maximize the received power at the user’s location. 

Moreover, the closed-form expression for the obtained 

optimal irradiance angle is derived. However, the optimal 

location of IRS units to guarantee a ubiquitous coverage is not 

addressed.  

One of the few studies in the field of IRS parameter 

optimization, is done in [7] where the authors propose 

optimizing the IRS-assisted VLC systems by controlling the 

IRS elements to maximize the network sum-rate while 

maintaining fairness in the user achievable throughput.  

    One of the most relevant study in the field of patient vital 

signs monitoring is that presented in [8], where SQI is used 

to evaluate the quality of the optical link.  

In most of these studies in the field of VLC, the use of 

IRS has been mentioned in order to improve the optical link 

performance, but almost none of them have addressed the 

challenges and constraints of its use. These challenges are 

divided into three main categories: challenges caused by the 

optical transmitter, optical receiver, and also the restrictions 

caused by the IRS. 

1.3. Main Contributions 

The main purpose of this  paper is to address the advantages 

brought by IRS deployment and optimization of IRS 

placement for increasing the received SNR and BER in the 

indoor VLC system inside a hospital environment for the 

critical application of healthcare monitoring system. In brief, 

our main contributions can be summarized as follows. 

• We prove the superiority of the IRS-assisted VLC 

link over the classic NLOS VLC link in the hospital 

indoor environment, by comparing the received 

power at the receiver’s location. 

• We derive the inherent constraints for deploying IRS 

in indoor visible light D2D communication. 

• We formulate and numerically solve the 

optimization problem to determine the optimal 

location of IRS deployment leading to the minimum 

BER at the location of the optical receiver in the 

considered area. 

• Although the main aim of this article is to find the 

optimal location of the IRS in order to increase the 

SNR and reduce the BER, in this article we also 

show that  fine-tuning the orientation of the optical 

detector (PD) of the receiver, can be very effective 

for improving these parameters. 

1.4. Paper Organization 

The rest of this paper is structured as follows. In Section 

2, we introduce the system model and the channel model of 

the IRS-assisted VLC healthcare monitoring system inside 

the considered hospital environment. In Section 3, we derive 

the limitations and the constraints regarding optimal 

placement of IRS inside the indoor area. These constraints are 

divided into three general categories of receiver constraints, 

transmitter constraints and IRS application restrictions. In 

Section 4, we consider the BER as the appropriate objective 

function that we minimize according to the constraints 
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derived in Section 3. In the rest of Section 4, we numerically 

solve the BER optimization problem to find the optimal 

placement of the IRS unit. Section 5 illustrates through 

simulations the superiority of the IRS-assisted VLC link over 

the classical NLOS link and also the advantages brought by 

optimizing the location of the IRS in terms of received SNR 

and BER. Finally, in Section 6, we draw our concluding 

remarks. 

2. IRS-AIDED INDOOR VLC SYSTEM AND 

OPTICAL CHANNEL MODEL 

Fig. 2 depicts the considered scenario of downlink VLC 

communication system. More precisely, we consider a non-

coherent light-emitting diode (LED) access point (AP), 

oriented horizontally  and installed on the platform of the 

room. The aim of the communication system is to measure 

vital signals of the patient located at height th in the hospital 

indoor environment of dimensions L W H  . The receiver 

is a photodetector (PD) which is located at height rh . In order 

to overcome blockage of the optical beam, an IRS array 

composed of N units is placed on the side wall, where angle 

diversity receiver (ADR) is also used. The location of AP and 

PD are assumed fixed, but their orientation can be changed. 

Fig. 3 implies the block diagram of the considered transmitter 

and receiver.  As shown in Fig. 3, the intensity of the optical 

source is modulated with on-off keying (OOK) where the 

amplitude of symbols belongs to the set  0, symA  and 

demodulation is performed by direct detection (IM/DD) of 

the optical beam and conversion to the photocurrent signal 

( )y t  by using a PD. We have: 

( ) ( ) ( ) ( ) ,ocy t G Rx t h t w t=  +                                      (1) 

where ( )tx is the radiated beam of the AP, generated from the 

modulated digital beam stream ( )S t , 
OC

G is the gain of the optical 

 
Fig. 2: Indoor hospital VLC system consisting of a transmitter and 

a receiver and an array of IRS. 

 
Fig. 3: Block diagram of an IM/DD transceiver 

 concentrator, R is the responsivity of  the optical detector, ( )h t is the 

baseband channel impulse response and ( )w t is the additive 

white Gaussian noise (AWGN) which is assumed independent from 

the data signal with probability density function
2(0, )TN  . Also, 

( )
m

h t  is the  matched filter impulse response, and ( )r t is the 

matched filter output, which is passed through the sampler 

working at 
symnT (

symT  is time of each symbol in OOK,

n ) to produce the discrete sequence nr . According to (1) 

and the system model in Fig. 3, we have: 

 

 ( ) ( ) ( ) ( ) ( ) ( ).oc m mr t G Rx t h t h t w t h t=   +       (2) 

By defining ( ) ( ) ( )
m

t w t h t =  , we get: 

 ( )= ( ) ( ) ( ) ( ).oc mr t G Rx t h t h t t  +                            (3) 

The sampled symbol nr  at the output of the matched filter 

for the n -th bit can thus be expressed as follows: 

if 1 is sent

if 0 is sent
 ,

   ; 

             ; 

sym n

n

n

A
r









+
=                                           (4) 

where 
n

 is the sampled noise which is a Gaussian random 

variable. 

In IRS-assisted indoor VLC, the channel gain is composed as the 

sum of three terms: i) the LOS channel component, ii) the NLOS 

channel components due to reflections from wall and objects, and  iii) 

reflections from the IRS units. So, the total IRS-assisted VLC channel 

DC gain can be expressed as [11, 12]: 

1 1

, ,  ,
K N

out

k n

los nlos k irs nPH H H H
= =

= + +                               (5) 

where 
losH is the DC gain of the LOS channel,

,nlos kH is 

the DC gain of the NLOS channel due to the k -th reflector 

( {1, ..., }k K ) and ,irs nH is the DC gain of the IRS channel 

due to the n -th unit ( {1, ..., }n N ). K and N  are the number 

of reflectors in the room (wall, sofa, etc.) and the number of 

IRS elements, respectively. Moreover, in (2), we have 

assumed that the LOS link in the considered system model 

(hospital indoor environment) is blocked by humans (nurse, 

doctor, etc.) and/or objects, with a probability
out

P . 

2.1. LOS Channel Gain 

The VLC channel DC gain corresponding the LOS 

component, is given as [2]: 

 

2

( 1)
cos ( ) ( ) ( ) cos( ) ,

2

l lmPD
los

tr

A m
H g T

d
   



+
=             (6) 

where   is the angle of irradiance,   is the angle of incidence, 

and ( )g  is a function of the refractive index and the semi-angle 

of the field-of-view 
fov ; PDA , lm , ( )T  , and trd denote the 

PD area, the Lambertian order, the optical filter gain, and the 

distance between the transmitter and the receiver, respectively [2]. 
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2.2. NLOS Channel Gain 

In characterization of NLOS links, two general reflection 

model from the wall are commonly considered in the 

literature, namely the Lambertian model and the Phong model 

[4]. Here, to estimate the DC gain of the NLOS component, 

the Lambert’s model is considered for reflection from the 

surfaces inside the room. The NLOS channel gain from the 

wall corresponding to the k -th reflector is defined as [2]: 

 

, 2 2

 ,

( 1)
cos ( ) ( ) ( )cos( )

2

          cos( )cos( ) 

l

ref

ml
inlos k ref

refr trefA

r ref

m
H T g

d d

dA

    


 

+
=



            (7) 

where
trefd is the distance of the light source from the 

reflector, and
refrd is the distance between the reflector and 

the receiver. To increase the accuracy of NLOS channel DC 

gain estimation, we divide each reflector surface into small

refdA surfaces with reflection coefficient
ref ; i and r  are 

the angles of incidence and reflection of the NLOS paths on 

the reflecting surfaces [13]. 

 

2.3. IRS Channel Gain 

Let the effective area of each IRS unit be equal to irsA

and the reflection coefficient for each unit i . The DC gain of 

the IRS channel with N serving units for one user, writes 

[14]:  

2 2

( 1)
cos ( ) ( ) ( )

2

           cos( ) cos( ) cos( ) ,

l lmPD
irs i irs

ti ir

iirs rirs

A m
H N A T g

d d
   



  

+
= 



     (8) 

where tid is the distance between the light source and the n -th IRS 

unit and ird is the distance between the n -th IRS unit and the optical 

receiver, iirs and rirs are the angle of incidence with the IRS 

surface and the angle of reflection from the IRS surface, 

respectively [14].  

3. PRACTICAL CONSTRAINTS REGARDING IRS 

DEPLOYMENT 

In what follows, we address the important constraints 

that should be considered at the transmitter, IRS and receiver 

sides in order to reduce the probability of link outage to 

ensure a ubiquitous communication. As can be seen from Fig. 

4, these constraints lead to restrictions on the location of IRS 

deployment. As shown in Fig. 4, we assume a 3D Cartesian 

coordinate system where IRS units are deployed across the 𝑥-

axis, where 𝑦 is fixed (𝑥 and 𝑧 are variable). The limitations 

caused by AP will determine the lower limit on the 𝑥-axis, 

denoted by lx , and the limitations caused by the 

photoreceptor and IRS can determine the upper limit of the 

use of IRS on the 𝑥-axis, that we denote by hx . 

 
Fig. 4: Constraints affecting the placement of IRS in VLC 

communication (top view of the hospital room). 

3.1. Constraints Related to the Optical Transmitter 

The first constraint is related to the optical transmitter 

i.e., the visible light source. Usually, in VLC systems, the 

Lambertian order (denoted lm ) of the source, which 

characterizes the directivity of the radiation beam, is one of 

the effective factors in determining the half-power angle (

1/2 ), i.e., the illumination and communication coverage 

radius of the source [2]. 

 

As seen from Fig. 5, the increase of
l

m causes the 

decrease of 1/2 . The decrease in 1/2 , in turn, narrows the 

width of the beam which causes the light beam to reach the 

walls at a larger vertical distance from the light source, which 

itself creates a lower limit for the placement of the IRS on the 

𝑥-axis (see Fig. 4). Mathematically, for a light source of 

Lambertian order lm , 1/2 is expressed as [2]: 

1

1/ 2

2
( ( ))

l

ln
cos exp

m


−
= − .                                                (9) 

If an optical AP of Lambertian order lm is located at the 

coordinate ( , , )T T Tx y z , the first point on the wall that is 

within the teleradius of the source will be located at a 

longitudinal distance lx  from the origin [15]. 

 
Fig. 1: Radiation pattern of the transmitter with different 

Lambertian order. 
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 More precisely, lx  is the lower limit allowed for the 

deployment of IRS, which is expressed as [13]: 

 

1/2

.
tan( )

T

l T

w y
x x



− −
= +                                                      (10) 

 

It is worth mentioning that another important limiting factor 

related to the AP is its transmission power, which is usually 

limited by the sensitivity of human eyes and skin as well as 

hardware limitations of the transmitter [16]. 

3.2. Constraints Related to the IRS  

Since the function of mirror IRS is based on the 

formation of a virtual image (see Fig. 6), as a result, the IRS 

units must receive a light beam with an angle of incidence of 

less than 90 degrees from the light source. So, a limit should 

be considered for the allowed rotation of the IRS elements or 

equivalently the phase shift of the reflection beam, according 

to its location [17]. 

Let us assume that an IRS is located at coordinate

( , , )I I Ix y z , then the maximum angle that the IRS can 

rotate around x and z axes can be expressed as [17]: 

 

2 2

2 2

1

max

1

)

)
                

( ) ( )
tan ( )

(

( ) ( )
= tan ( ).

(

I T I T

I T

I t T

I T

rotl

z z y y

x x

z h w y

x x

 −

−

− + −
= =

−

− + − −

−

              (11) 

By reducing )(
I T

x x− , i.e., the longitudinal distance between 

IRS and AP, IRS units are able to cover  a wider area. Notice 

that since the minimum value of Ix  is equal to lx , this value 

is lower bounded by )( Tlx x− .   

 
Fig. 6: Coverage profile of the optical transmitter, taking into 

account the geometry of the image formation and the constraints 

caused by it. 

 

3.3. Constraints Related to the PD 

The field of view (FOV) of the optical detector (as well 

as its orientation) is the third limiting factor in deploying IRS 

in a VLC system. As can be seen from Fig. 7, according to 

the FOV of the detector and its orientation, the deployment 

location of the IRS is limited. As depicted in Fig. 7, by a 

counter-clockwise orientation, the length of the allowed IRS 

installation area on the wall is reduced by dx , and in 

contrast, with a clockwise orientation, the length of the IRS 

installation area on the wall is increased by ix . In practice, 

by adjusting the PD orientation, the SNR and as a result the 

length of the allowable area can be increased, but since in the 

usual case, the LOS link is responsible for the communication 

between the optical transmitter and the receiver, we will have 

a compromise in the PD orientation setting. So, in a way, the 

upper limit of the length of the allowed area for using IRS, 

i.e., hx , and even the selection of the proper side wall for the 

purpose of engaging IRS is determined according to the 

orientation of PD. 

In calculating the upper limit hx , the deployment 

location of PD and its orientation play a role. Assuming that 

the location of the receiver is ( , , )r r rx y z and its  initial 

random orientation is  , we have: 

 ,     
tan( )

fov

h r

r

ori

w y
x x x

 

=


−
− −

=                      (12) 

where orix is the limitation due to the orientation of the PD,  

fov  is the FOV of the optical detector and  is 

considered positive in PD clockwise rotation and negative in 

counterclockwise rotation. 

4. OPTIMIZATION OF IRS LOCATION 

In this Section, we propose to optimize the place of IRS 

inside the considered room so as to minimize the BER at the 

receiver by considering the constraints we discussed in  

 
Fig. 7: Effect of FOV and PD orientation in determining the 

allowable area of IRS deployment. 
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Section 3. According to the system model in Section 2, the 

probability of error at the receiver for OOK modulation, is 

expressed as [2]: 

( ) (0) ( 0) ( ) ( ).sym symP error P P error P A P error A= +                          (13) 

By assuming probability of each symbol

( ) (0) (1) 0.5symP A P P= = = , we get: 

1 1
 ( ) ( ) ( ) ( ) ( ) ,

2 2

sym sym sym

T T T

A A A
P error Q Q Q Q 

  
= + = =                (14) 

where 

2

2

sym

T

A
SNR


 = =  and

2
/21

( )
2 x

Q x e d







−
=  .  

Let us define 
irslos nlosph ph ph ph

i i i i= + + as the 

photocurrent caused by the received optical signal, which is the sum 

of three components: , ,
irslos nlosph ph ph

i i i are the photocurrent 

caused by the LOS, NLOS and IRS links, respectively. We assume 

that the noise variance 
2 2 2

T sh th
  = +  where

2

sh  and
2

th
 are the 

shot noise variance and the thermal noise variance, respectively, that 

are assumed as the dominant noises in our scenario. The probability of 

error in Eq. (14) can be equivalently expressed as [2]: 

( ) ( ) ( ).r

ook

phoc
e

T T

iG RP
P Q Q Q

 
= = =

                                         (15) 

Since ( )y t in the system model is the photocurrent created in PD  due 

to the received Power rP , so its signal part
phi corresponds to the 

transmitted symbol symA [2, 13], hence we will have: 

2 2
( ) ( ) ( ).irslos nlos

ook

ph ph phph
e

T sh th

i i ii
P Q Q Q

  
 =

+ +
= =

+

             (16) 

Assuming that the impact of the NLOS link is negligible, 
nlosph

i can 

be omitted. According to [2], the shot noise can be written as

2 ( )
los irsph ph sysq i i B+ and the thermal noise as 14 b sys lk TB R− , 

where q is the electric charge, 
sysB is the bandwidth of the optical 

receiver, lR is the load resistance, T is the absolute temperature, and

bk is the Boltzmann's constant.  Eq. (16) can thus be rewritten in an 

equivalent form as: 

 

1
( ).

2 ( )  4
los irs

los irs

OOK

ph ph

ph ph sys sys l

e

b

i i
P Q

q i i B k TB R
−

+
=

+ +
            (17) 

Considering that the photocurrent is a function of the received power, 

since, the received power is a function of the transmitted power tP  [2], 

Eq. (17) can be written as follows:  

 

1
= ( ).

2 ( )  4

t

t

ook

oc los oc irs

e

oc los oc irs sys sys l

t

t b

G RH P G RH P
P Q

q G RH P G RH P B k TB R
−

+

+ +
           (18) 

As can be seen from (18), the photocurrent due to the NLOS link 

has been neglected. The numerical comparison results of IRS-based 

and NLOS-based VLC links are contrasted in the next section.  

Now, to calculate the optimal location of the IRS, we formulate 

the following optimization problem: 

 
 , 0

  ,arg minˆ ˆ,
I Il hx x x z HI I

BERx z
   

=                                 (19) 

which can be expressed by using (18) as: 

 

  1 , 0
arg min ( ).

2 ( )  4
ˆ ˆ, oc los t oc irs t

oc los t oc irs t sys b sys lI Il h
I I x x x z H

G RH P G RH P
Q

q G RH P G RH P B k TB R
x z

−   

+

+ +
=

 (20) 

According to the basic properties of the Q -function, (20) can 

be rewritten in an equivalent form as: 

1 , 0
,argmax

2 ( )  4
ˆ , ˆ

I Il h

oc oct tirslos

oc oc sys syst tirslos b l
x x x z HI I

G RH P G RH P

q G RH P G RH P B k TB R
x z

−   

 
   
 

  
  

+

+ +
=

   (21)   

Finally, assuming that the LOS link is blocked ( 0losH ) and the 

NLOS link is also not reliable due to the inability to control the 

reflection beam and choose the reflection model, we get: 

1 , 0
.argmax

2  4
ˆ , ˆ

I Il h

oc tirs

x x x z H
oc sys systirs b l

I I

G RH P

qG RH PB k TB R
x z

−   

 
   
 

  
  

+
= (22)  

Considering shot noise limited condition [2] (i.e., all other noises can 

be neglected except the shot noise), Eq. (22) can be written in an 

equivalent form as: 

 , 0
.argmax

2
ˆ , ˆ

I Il h

irs

x x x z H sysirs
I I

H

qH B
x z

   

 
 

  
  
 

=                     (23) 

In fact, the optimization problem (19) becomes equivalent to finding 

ˆ
I

x  and ˆ
I

z by maximizing irsH , because the noise parametersq

and
sysB are almost constant values and the Eq. (23) is simplified to

irs

irs

H

H
. So we can write: 

 , 0
 .ˆ , ˆ argmax  

I Il h
x x x z HI I irs

x z H
   

 
 
 

=
                                       (24) 

In (24), 
irsH is a function of distances and angles (see Eq. (8)), which 

in turn are functions of 
I

x and
I

z . Therefore, 
irsH will also be a 

function of 
I

x and
I

z . If ˆ
I

x and ˆ
I

z maximize
irsH , then the 

following condition must hold: 

ˆ ˆ( , ) ( , ),I I I Iirs irsx z x zH H                                                  (25) 

where  ,  0I Il h
x x x z H    . For (25) to be satisfied, the 

directional derivative of
irsH , with respect to x  and z , must be 

zero at ˆ
I

x and ˆ
I

z . That is why we can write: 

( ) ( )ˆ ˆˆ ˆ( , ), ( , ) 0,0 .
I II I I Iirsx irszH x z H x z =                                 (26) 

where ˆ ˆ( , )
I I Ixirs x zH ,  ˆ ˆ( , )

I IIzirs x zH   are the derivatives of 
irsH with 

respect to
I

x and
I

z respectively. The values of 
I

x and
I

z that 

maximize 
irsH characterize the optimal location of IRS leading to 

minimization of the average BER at receiver that are obtained in the 

next section through numerical optimization.  

5. NUMERICAL OPTIMIZATION AND 

SIMULATION RESULTS  

Here, we propose to evaluate the performance of the 

considered IRS-assisted VLC system by particularly focusing 

on the effect of IRS placement. The simulation environment 

is graphically depicted in Fig. 2. The main values and 

assumptions considered throughout simulations are provided 

in Table 1.   
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In Table 2, we have gathered the limit of parameters 

related to IRS deployment on the side wall (by assuming

5Iy −= ), according to the constraints described in Section 

3.  

 

By evaluating the BER at different places of the allowed 

region, we place the IRS unit at coordinate where BER is 

minimal. 

We focus on received power and BER at the receiver 

location achieved by using IRS in VLC link compared to 

classical NLOS, under practical constraints described in 

Section 3.  
Table 1: Parameters and assumptions 

Parameter Value Description 

L W H   5m×5m×3m Room dimensions 

(Length, width, height) 

( m ) 

( , , )T T Tx y z  0.5 3.5 1.5( , , )−  Coordinates of the 

transmitter's location 

( m ) 

( , , )r r rx y z  4 1 1.5( , , )−  Coordinates of the 

receiver's location ( m ) 

lm  0.4 Lambertian order of 

optical transmitter  

fov  80 Field of view of the PD 

(degree) 

1/2  80 Half power angle 

(degree) 

  5 PD orientation (degree) 

A  0.0004 Effective area of the PD 

(
2m ) 

R  1 PD Responsivity 

( )T   1 Optical filter gain 

N  35 Number of IRS  units 

a a  0.1m×0.1m Dimensions of IRS units 

(
2m ) 

in  1.5 Concentrator internal 

refractive index 

bR  1 Gbps Data rate (bps) 

ref  0.5 Reflection coefficient of 

wall 

i  0.9 Reflection coefficient of 

IRS units 

tP  200 Transmitted Power 

(Watts) 

 

Table 2: Calculated constraints regarding IRS installation 

Parameter Description Value/unit 

lx  Lower limit length of the allowed 

region for deployment of the IRS. 
1.1145 m  

h
x   

Upper limit length of the allowed 

region for deployment of the IRS. 

3.3 m  

max   

Allowed rotation range of IRS units 

at the optimal deployment point 

(degree). 

 30, 65   

 degree 

 

Fig. 8 depicts the received power when using the 

classical NLOS VLC link by considering the reflections from 

wall surface at different locations of the allowed region 

according to the Phong reflection model [18]. We can observe 

that as the reflector approaches the coordinate ( , , )
l T

Wx z− , 

the received power is increased up to about 
9

5.85 10
−

  watts. 

If we consider the entire allowed region can be dedicated as 

reflector, the received power is even increased up to
4

5.1245 10
−

  watts. 

Fig. 9 shows the received power at different locations of 

the considered area when a 35 unit array IRS is used (all 35 

units serve the PD) at that location. We observe that, as the 

IRS approaches the location ( , , )
l T

Wx z− which is the optimal 

point of IRS deployment, the received power increases (up to 

about 4
11 10

−
 watts). By comparing Figs. 8 and 9, we can see 

that the power received in the IRS link increases more than 

twice, i.e., about 3 dB , compared to the classic NLOS link 

which proves the significant advantage of employing IRS in 

our system model (the entire allowed area of the reflector 

surface is taken into account). 

Fig. 10 illustrates the BER comparison (plotted based on 

the theoretical BER of Eqs. (15) and (18)) at the receiver in  

 
Fig. 8: The received power of the optical receiver considering the 

entire allowed area as reflective surface in the classical NLOS VLC 

link. 

 
Fig. 9: The received power of the optical receiver at different 

locations of the considered area by using a 35 unit IRS. 
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NLOS and IRS links. More precisely, in Fig. 10, by 

changing the transmitter power in the range16 29 tP dB  , 

we get 8 4.7 SNR dB−   at the receiver through NLOS link 

and 4.7 8 SNR dB−   at the IRS-aided VLC link. These 

results confirm the superiority and also the reliability (in 

terms of QoS and SNR) [19] of IRS-aided VLC link 

compared to classic NLOS link in terms of BER.  

Fig. 11 shows the BER variations versus location of the 

IRS for three different locations of the optical receiver. Notice 

that according to our system model, in the indoor hospital 

environment, the IRS cannot be placed across the y axis. So 

for each location of the receiver, the minimum of each curve 

is the optimal location of the IRS for its deployment in the 

allowed area. Considering these three curves, it can be 

concluded that the minimum BER values always occurs 

regardless of the location of the receiver when the IRS is 

located at the ( , , )
l T

Wx z− coordinate, which is the optimal 

installation point. 

Fig. 12 shows the BER variations for different PD 

orientations 010 0, 1,− +  . We can particularly observe that 

when the transmit power changes in the range 

 

Fig.  10: Comparison of BER in IRS-based optical link and classic 

NLOS-based optical link according to the transmitted power. 

 
Fig. 2: BER curve resulting from variations in optical IRS location 

across the allowed region, considering three different locations for 

the optical receiver. 

16 29 tP dB  , the BER can be reduced to a desired 

value by fine-tuning the PD orientation.  

Finally, Fig. 13 plots the received SNR versus the 

Lambertian order of the source ( lm ) in different  lengths of 

the allowed area ( 1.5 & 5  I Iz m y m−= = ). As can be 

seen, by increasing lm , the length of the lower bound of the 

allowed area i.e., lx  which is the coordinate of the optimal 

place of IRS deployment, is increased (the length of the upper 

limit of the allowed area hx is assumed fixed).  

 
Fig. 3: The BER obtained in the receiver, caused by changes in the 

power of the optical transmitter as well as the different orientation 

of the PD, assuming that the noise power is constant. 

 
Fig. 13: Demonstration of the receiver SNR according to the 

location of the IRS in the allowed area, considering APs with three 

different Lambertian orders. 

6. CONCLUSIONS 

Optimal placement of IRS on the wall in order to minimize the BER 

at the receiver for an indoor VLC system was addressed. In this 

study, an optical AP and a photo-detector have been used to send 

and monitor the vital signals of a patient in a hospital environment. 

For the case where the LOS path is blocked in the VLC link, both 

the IRS directed link and the classical NLOS link have been 

considered. Comparative numerical results proved the superiority of 

the IRS-aided VLC link in terms of BER. Moreover, the power 



B. Sadeghi et al.  Journal of Applied Research in Electrical Engineering, Vol. 3, No. 2, pp. 241-249, 2024 

249 
 

 

received through the IRS link is increased up to 2 times. Then, in 

order to have a reliable and ubiquitous connection, with the aim of 

minimizing the BER, the location of IRS installation was optimized. 

We also showed that by fine-tuning the PD orientation, even lower 

BER can be obtained. Finally, we showed that by increasing the 

Lambertian order, the optimal location of IRS deployment is shifted 

away from the source. The use of more complex optimization 

methods with multiple sources, multiple IRS arrays and fine tuning 

PD orientation can be considered as attractive future research 

directions in this field. 
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