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Abstract: Healthcare monitoring is a rapidly developing network in the field of advanced medical treatment. The network combines the 
ideology of wireless communication, signal processing, medical information and real-time processing units to support the medical 
monitoring system. The proposed work focuses on the development of a Free-Space Optical (FSO) system to transmit the biosignals from a 
remote distance to the physician. Generally, the data transmitted over the FSO system is affected by various atmospheric conditions such as 
air medium, O2, and H2O molecules. To tackle these problems, the Biosignals Electrocardiogram (ECG) and Electroencephalogram (EEG) 
are processed in the Optimized Lipschitz Exponent (OLE) function before transmission over the FSO medium. In this novel technique, the 
OLE function measures the informative data from the biosignals by calculating the local regularities and singularity. This collects the most 
informative signals and transmits them in the signal over the FSO medium. This particular hybridization helps to transmit the required data 
without distortion. The Bit Error Rate (BER) of 10-9 is obtained, which satisfies the healthcare monitoring condition. The result section 
shows that the proposed model has minimum losses compared to the original signal. 
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1. INTRODUCTION 

The emerging field of health monitoring systems has 
inspired great innovation in the technology world. Especially, 
the remote healthcare system, which enables remote 
monitoring in urban areas, biotelemetry, real-time 
monitoring, and fast action for the detection of diseases [1]. 
In general, remote monitoring is the observation of patients 
in rural or remote areas without direct contact. The 
advantages of remote monitoring include biosignal 
transmission, continuous monitoring of the incapacitated 
person, and immediate and rapid treatment of fatal conditions 
[2]. Transmission of biosignals from the remote area is 
possible through a Radio Frequency (RF) medium and optical 
wireless communication [3]. Herein, the Free-Space Optical 
(FSO) is an advanced field of optical communication that 
transmits information using propagation of light sources 
through free space [4]. Recently, FSO has played a significant 
role in healthcare monitoring systems for the transmission of 
biosignals, such as wireless RF devices for monitoring human 
skin, gigabit data telemetry using bidirectional FSO, 
transmission of multiple patient biosignals using an optical 
area network, and high-speed FSO communication link for 
biomedical signals [5].  

Biosignals or bioelectrical signals are generated by the 
electrical potential in body tissues and measured by electrical 
devices such as Electroencephalogram (EEG), 
Electrocardiogram (ECG), Electrooculogram (EOG), 
Electromyogram (EMG), and Electroretinogram (ERG) [6]. 
The EEG and ECG signals are chosen for the transmission 
process in the proposed work. The electrical signals are 
measured in analog waveform and converted to digital or 
light signals for transmission over free space [7]. The FSO 
system has a high-frequency space, which is a great 
advantage for the transmission of biosignals. However, the 
FSO communication system faces spreading loss and 
atmospheric loss due to O2 and H2O molecules in the air [8], 
[9].  

Similarly, the free-space medium is constructed in the 
following step [10], [11]. First, the electrical signal is 
converted to the light source using the Light-Emitting Diode 
(LED). The signal is multiplexed in Frequency Division 
Multiplexing (FDM) to separate the carry signal. Then the 
Lithium Niobate Modulator (LNM) is used to control the 
amplitude of the optical waves. The waves are processed in 
the optical filter and the information is recovered using the 
FDM demodulator [12], [13]. The metal semiconductor metal 
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photodetector is used at the receiver end of the free-space 
medium to convert the photon energy of the light into 
electrical form. Finally, the signal is filtered in a low-pass 
filter and visualized to the analyzed biosignal [14]. 
Transmission of biosignals is a revolutionary development of 
the medical monitoring system. Free-space optics is a major 
source of optical communication that facilitates the biosignal 
transmission process. Here are some brief retrospective 
studies on FSO and biosignal communication. In 2015, 
Vazquez-Lopez, Rodriguez-Aleman, and Romo-Cardenas 
[15] developed a FSO system to transmit the ECG signal for 
telemedicine approaches. Studies were intended to model the 
transmission optical effects in the environment through 
absorption experiments, and beam polarization was used to 
better understand its functioning, benefits, and limitations. In 
2017, Alyan and Aljunid [16] developed a Code Division 
Multiple Access (CDMA) optical system for monitoring 
biosignals using infrared technology. This system states that 
the model achieves high power efficiency in a health 
monitoring system using RF infrared technology. 

In 2020, Guiomar et al. [18] presented adaptive 
probabilistic modulation for FSO links. They also 
demonstrated a time-adaptive modulation scheme to increase 
bit rate flexibility and adjust the transmission rate and 
reliability. Ahmed et al. [19] discussed the concept of 
wireless communication and Hospital of Future (HoF) 
connectivity. The paper focused on the hybridization of the 
radio and optical networks to transmit both types of signals. 
Llorente et al. [20] developed a deep learning technique to 
classify the EEG biosignal. The technique implements the 
Lyapunov analysis method to analyze the local convergence 
of the weight in the network model and the convergence error. 
Noel et al. [21] developed an optimization technique based 
on the firebug swarm behavior. This technique showed that 
the optimization technique extends the performance of FSO 
for multi-dimensional problems. 

The aforementioned works investigate the performance of 
existing models for wireless communication, biosignal 
telemetry, FSO communications, and optimization 
techniques. The review shows that mathematical models have 
a great impact on biosignal processing. Similarly, FSO faces 
various atmospheric losses when transmitting and receiving 
biosignals from remote regions. To address this problem, the 
proposed work focuses on developing an Optimized Lipschitz 
Exponent (OLE) function that computes the informative data 
from the biosignal and binds the signal to control the loss of 
biosignals during transmission. 

The proposed work was developed with the idea of 
developing an optimized mathematical model to combat 
atmospheric loss in the FSO system. The proposed OLE is a 
sophisticated mathematical feature that can characterize the 
signal's local regularity or smoothness. Singularity is the 
mathematical aspect that measures the sharpness of random 
variables in signals. The biosignal acquired from the patient 
is first processed with an optimized Lipschitz exponent to 
collect the informative data from the acquired biosignals. 
Then the signal is packed with the raw biosignal and 
transmitted through the free-space medium. 

The remainder of this paper is organized as follows. 
Section 2 contains a detailed explanation of the proposed 

method for shine cancer detection, section 3 comprises the 
experimental results, section 4 contains the discussion of the 
proposed model, and finally section 5 presents the conclusion 
and future work. 

2. PROPOSED METHODOLOGY 
Remote monitoring system is an advanced technology of 

medicine that helps in early detection and monitoring of 
remote patients in real time through a wireless medium. The 
current work focuses on the development of an optical 
wireless communication system to monitor the health 
condition of patients remotely.  

A. Free-Space Optics (FSO) medium 
FSO communications is an optical communication that 

transmits visible and infrared (IR) beams through the 
atmosphere. This technique uses lasers and LEDs to transmit 
data through the air instead of streaming in optical fiber. This 
method is very efficient for high bit rates and short distances 
and can satisfy the broadband requirements. FSO is a Line-
of-Sight (LOS) technology that allows for full-duplex 
(bidirectional) data, voice and video communications at a 
maximum data rate of 10 Gbps. FSO systems have several 
advantages, including low-cost setup and operation, 
bandwidth comparable to fiber optic cables, transmission at 
the speed of light, signal interception resistance, and license- 
and regulation-free operation. 

FSO is an optical communication medium that usually 
transmits high-frequency signals from one point to another at 
incredible speeds. FSO uses narrow optical beams and relies 
on point-to-point transmission. Unlike a dedicated optical 
fiber link, the FSO technology uses unlicensed bandwidth 
above 300 GHz and can be easily set up or uninstalled. FSO 
systems first gained attention as a solution to the last-mile 
problem by bridging the gap between the end user and the 
existing optical fiber and RF network infrastructure.  

Representation of the FSO System 
Transmitter: The modulator receives the information-

carrying biosignal (EEG and ECG) in electrical form and an 
electrical carrier or subcarrier with coherent and non-coherent 
modulation. The modulated carrier then modifies the 
intensity of an optical source, such as a LED, which produces 
optical beams suitable for optical transmission in the spectral 
windows of 780-850 nm and 1520-1600 nm. The LED was 
used as a broadband source at the transmitter and was 
presumed to relate to the medical sensor, then the signal is 
multiplexed using FDM to separate the carrier signal. It 
divides the spectrum into tiny 0.6 - 1.0 nm spectrum widths. 
Then the lithium niobate modulator fabricated with 8.5 mm 
and 14 mm length measures the directly transmitted current. 
The LNM is proficient in encoding the biosignals transmitted 
by an optical medium. It uses quadrature amplitude 
modulation and quadrature phase-shift keying signals to 
encode biosignals. These factors reduce optical loss during 
transmission. Then, the nodes are combined and transmitted 
to the FSO channel medium. The schematic block diagram of 
the transmitter and receiver of the FSO-OLE system is 
depicted in Fig. 1 and Fig. 2. 
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Fig. 1.  Transmission Unit of an FSO system. 

Receiver: The information beam transmitted through the 
atmospheric channel is restored using the FDM demodulator. 
The FDM DEMUX has a group of bandpass filters to decode 
all the information without any distortion. It removes the 
carrier signal and retrieves the original biosignal. The metal 
semiconductor metal photodetector is used at the receiver end 
of the free-space medium to convert the photon energy of 
light into electrical form. In the proposed work, the Metal 
Semiconductor Metal (MSM) photodetector is used 
especially because of its high-speed communication. Finally, 
the signal is filtered in a Low-Pass Filter (LPF) and visualized 
in the biosignal analyzer.  

 

Fig. 2.  Receiver unit of an FSO system. 

 

 LED  - Light-Emitting Diode 
 FDM  - Frequency Division Multiplexing 
 LNM  - Lithium Niobate Modulator 
 MSM  - Metal Semiconductor Metal photodetector 
 LPF  - Low-Pass Filter 

Fig. 3.  Overall workflow of enhanced free space medium for 
biosignal telemetry. 

FSO communication provides a high data rate to meet the 
constantly increasing need for broadband traffic, fueled 
primarily by Internet access and HDTV transmission. 
Meteorological factors impede the FSO transmission, 
reducing vulnerability and data rates with acceptable Bit 
Error Rate (BER). Turbulence, absorption, and scattering are 
some of these degradations, and a number of mitigation 
approaches exist to ensure reliable and efficient data 
transmission and improve communication performance. 

The proposed system developed a modified free-space 
optics (FSO) medium for transmitting biosignals from a 
remote area to the health analyzer. However, the FSO 
medium faces some problems such as spreading loss and 
atmospheric loss due to O2 and H2O molecules in the air. To 
address this problem and prevent the loss of signal, an OLE 
is added to the biosignal monitor. OLE is a mathematical 
derivative that measures the singularity and dynamic 
behavior of the ECG and EEG signals. Fig. 3 describes the 
overall workflow of the proposed OLE-FSO system.  

B. Optimized Lipchitz Exponent (OLE) 
The Lipschitz exponent is a continuous function that is 

important for a smooth deformation function. In biosignals, 
the local regularity, singularity variation, and dynamic 
behavior of biosignals are often calculated by the Lipschitz 
Exponent (LE). In the Lipschitz function, important 
information about the signal is calculated by taking the 
modulus maxima of the signal and that data is bound together 
and transmitted through FSO. In the proposed work, the 
Lipschitz function is optimized with a discrete harmonic 
wavelet function. First, the singularity character of the 
biosignal is detected using the modulus maxima of the EEG 
and ECG wavelets. The Discrete Harmonic Wavelet (DHW), 
a complex wavelet, is considered to detect the weak 
singularities in the given biosignal. DHW is sensitive to 
susceptible singularity features and handles the multi-wavelet 
frames.  

Lipschitz is a strong form of uniform continuity for 
functions, while DHW is sensitive to small variations in the 
signal. Thus, the combination of Lipschitz and DHW helps to 
accurately determine the singularity of the biosignal. Even the 
weak singularities are estimated using the DHW function. 
This novel method helps to identify the minor changes in the 
biosignal and transmits them without any corruption by 
transmission noise. 

Lipschitz exponent  
The function F(x) is a Lipschitz 𝑙𝑙𝑧𝑧, for 0 ≤  𝛼𝛼 ≤ 1, if and 

only if a constant C exists at the point 𝑥𝑥0.  

 |𝑓𝑓(𝑥𝑥) − 𝑓𝑓(𝑥𝑥0)| ≤ 𝐶𝐶|𝑥𝑥 − 𝑥𝑥0|𝛼𝛼 (1) 

Therefore, 𝑓𝑓(𝑥𝑥) is uniformly Lipschitz for all x. The 
neighborhood of 𝑥𝑥0 in (1), 𝑓𝑓(𝑥𝑥0) is continuous when 𝛼𝛼 > 0 
and singular when 𝛼𝛼 ≠ 1. 

Suppose, the function 𝑓𝑓(𝑥𝑥) is n times differentiable 
in [𝑥𝑥𝑛𝑛 − 𝑐𝑐, 𝑥𝑥𝑛𝑛 + 𝑐𝑐]; then, the neighborhood of 𝑥𝑥𝑛𝑛 in Taylor 
form is, 

 𝑓𝑓𝑥𝑥0(𝑥𝑥) =  ∑ 𝑓𝑓𝑐𝑐(𝑥𝑥𝑛𝑛)
𝐶𝐶!

𝑛𝑛−1
𝐶𝐶=0 (𝑥𝑥 − 𝑥𝑥0)𝑐𝑐 (2) 
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Approximate error, 

 𝑒𝑒(𝑥𝑥) = 𝑓𝑓(𝑥𝑥) − 𝑓𝑓𝑥𝑥0(𝑥𝑥) (3) 

When 𝑥𝑥 goes to 𝑥𝑥0, the 𝑛𝑛𝑡𝑡ℎ time differentiability of 𝑓𝑓(𝑥𝑥) 
in the neighborhood 𝑥𝑥0 offers an upper bound on the error 
𝑒𝑒(𝑥𝑥). 

Discrete harmonic wavelet algorithm 
The discrete harmonic wavelets are expressed by, 

 𝜔𝜔𝑗𝑗𝑛𝑛(2𝑚𝑚𝑥𝑥 − 𝑗𝑗) ≝ exp(4𝜋𝜋𝜋𝜋(2𝑚𝑚𝑥𝑥−𝑗𝑗)−exp(2𝜋𝜋𝜋𝜋(2𝑚𝑚𝑥𝑥−𝑗𝑗))
2𝜋𝜋𝜋𝜋(2𝑚𝑚𝑥𝑥−𝑗𝑗)

 (4) 

where n = -1, 0, 1, 2, 3, … N, n is different scale and j is 
different time 

Modulus maxima of wavelet 
The  𝑓𝑓(𝑥𝑥) modulus maximum function of wavelet at the pt. 

(2𝑚𝑚, 𝑥𝑥0) is given as, 

 |𝜔𝜔𝜔𝜔(2𝑚𝑚, 𝑥𝑥)| < |𝜔𝜔𝜔𝜔(2𝑚𝑚, 𝑥𝑥0)| (5) 

Here 𝑥𝑥 is the nearby element of 𝑥𝑥0. A modulus maximum 
in the space m = -1, 0, 1, 2, …. N. These multiscale modulus 
maxima are utilized to find discontinuities, and if 𝑓𝑓(2𝑚𝑚, 𝑥𝑥) 
has no modulus maxima at tiny scales. 𝑓𝑓(𝑥𝑥) is locally regular. 
Modulus maximum helps to identify a singular point. 

Optimized Lipschitz function based on discrete wavelet 
transform 

The Lipschitz exponent of local regularities and singularity 
was determined based on the characteristics of their local 
modulus maxima at each scale. By using a Lipschitz exponent 
and a quantitative analysis of the signal singularities, the 
modulus maxima of the harmonic wavelet transform 
exploited the singularities. By looking at the asymptotic drop 
of the wavelet modulus maxima from coarser to finer scales, 
the Lipschitz exponent is used to characterize the strength of 
the singularity. 

Let 𝑣𝑣 = 2𝑚𝑚 and m = -1, 0, 1, 2, …. N in terms of the 
optimized Lipschitz function 𝑓𝑓(𝑥𝑥), 𝑥𝑥 𝜖𝜖(𝑝𝑝, 𝑞𝑞). The mth 
derivative of Rl (𝜔𝜔𝜔𝜔(𝑣𝑣, 𝑥𝑥) and Img (𝜔𝜔𝜔𝜔(𝑣𝑣, 𝑥𝑥) is defined for 
each level v.  If a level 𝑣𝑣0 > 0 and the constants C and E exist 
for 𝑥𝑥 𝜖𝜖 (𝑣𝑣, 𝑥𝑥) and 𝑣𝑣 > 𝑣𝑣0, the modulus maxima of 𝜔𝜔𝜔𝜔(𝑣𝑣, 𝑥𝑥) 
belonging to a cone is expressed by, 

 |𝑣𝑣 − 𝑣𝑣0| ≤ 𝐶𝐶𝐶𝐶 (6) 

Therefore, the maximum module (𝑣𝑣, 𝑥𝑥) in the cone is given 
as; 

 |𝜔𝜔𝜔𝜔(𝑣𝑣, 𝑥𝑥)| ≤ 𝐸𝐸𝐸𝐸𝛼𝛼  (7) 

When 𝑥𝑥 ≠ 𝑥𝑥0, 𝑓𝑓(𝑥𝑥) is uniformly Lipschitz (𝛼𝛼) at x and 
when 𝑙𝑙𝑧𝑧 < 𝑚𝑚, 𝑓𝑓(𝑥𝑥) is Lipschitz at 𝑥𝑥0. Here 𝛼𝛼 is a non-integer. 

Taking logarithm on both sides of (7); 

 log|𝜔𝜔𝜔𝜔(𝑣𝑣, 𝑥𝑥)| ≤ log2 𝐸𝐸 + 𝛼𝛼log2 𝑣𝑣 (8) 

Computation of E and 𝛼𝛼, 

 min
𝐴𝐴,𝛼𝛼

∑ [log2|𝜔𝜔𝜔𝜔(𝑣𝑣, 𝑥𝑥)| − log2 𝐸𝐸 − 𝛼𝛼 ∗ log2 𝑣𝑣]2𝑣𝑣  (9) 

The estimation of alpha changes is based on nonlinear least 
squared optimization. With the minimization of (9) at all 
levels, the A and Lipschitz function are obtained. 

Substituting the value 𝑣𝑣 = 2𝑚𝑚, the following equation is 
obtained 

𝛼𝛼(𝑥𝑥) = �∑ ∑ (log2|𝜔𝜔𝜔𝜔(2𝑚𝑚, 𝑥𝑥)| ∗ log2 2𝑚𝑚) −𝑁𝑁
𝑚𝑚=−1

𝑁𝑁
𝑚𝑚=−1

 (∑ log2|𝜔𝜔𝜔𝜔(2𝑚𝑚,𝑥𝑥)|)(∑ log2𝑁𝑁
𝑚𝑚=−1 2𝑚𝑚)𝑁𝑁

𝑚𝑚=−1
𝑁𝑁

� (10) 

The derived 𝛼𝛼(𝑥𝑥) is the function of the optimized Lipschitz 
exponent. The change of the Lipschitz exponent value along 
the (x) plane describes the ECG and EEG signal information 
during the biosignal monitoring process. 

C. Channel model 
The proposed FSO system has three major channels, 

namely a transmitter, an atmospheric channel, and a receiver. 
The channel is classified based on the transmission and 
reception path, the transmitter’s degree and the receivers’ 
field of view. The LOS channel and the indoor diffusion 
channel are discussed in the following section. 

LOS channel 
Due to absorption and scattering, a LOS channel has a 

relatively short length and very low attenuation. A 
generalized Lambertian radiant intensity is used to 
quantitatively describe the LED output. The direct path 
between the transmitter and the receiver is represented by the 
indoor LOS link. The channel gain of the receiver at a 
distance 𝐿𝐿0 and an angle 𝜑𝜑0 in accordance with the 
transmitter is given in (11), 

𝐶𝐶ℎ𝐿𝐿𝐿𝐿𝐿𝐿 = �

𝑛𝑛+1
2𝜋𝜋𝐿𝐿0

2 𝑃𝑃𝐴𝐴𝑇𝑇𝑓𝑓𝑓𝑓(Ψ0)𝑇𝑇𝑐𝑐𝑐𝑐(Ψ0)𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛(𝜑𝜑0) cos(Ψ0) ,

0 ≤ Ψ0 ≤ Ψ𝑐𝑐
0, Ψ0 ≥ Ψ𝑐𝑐

  (11) 

Here 𝑃𝑃𝐴𝐴 indicates the physical area of the photodetector, 
𝑇𝑇𝑓𝑓𝑓𝑓(Ψ0) refers to the transmission factor of the optical filter, 
(Ψcn) – semi angle concentrator of the field of view, and n – 
Lambertian order of emission with half power semi-angle. 

 𝑛𝑛 = ln(2)

ln(cos𝜑𝜑0
1
2� )

 (12) 

Indoor diffusion channel 
The loss in optical links for non-directed LOS and diffuse 

connections is more difficult to predict because it is affected 
by numerous factors. The power received at the detector is 
given by the expression, 

𝑃𝑃𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿 = 𝐶𝐶ℎ𝐿𝐿𝐿𝐿𝐿𝐿(0) + 𝐶𝐶ℎ𝐿𝐿𝐿𝐿𝐿𝐿(0)𝑃𝑃𝑃𝑃𝑡𝑡𝑡𝑡 = 𝐶𝐶ℎ𝐿𝐿𝐿𝐿𝐿𝐿(0)_ +
∑ 𝐶𝐶ℎ𝐿𝐿𝐿𝐿𝐿𝐿(0)𝑃𝑃𝑃𝑃𝑡𝑡𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟   (13) 

The transmitter is attached to the medical sensor on the 
patient's body, and the receiver is installed on the ceiling with 
the field of vision (FOV) directed down to the floor. The light 
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reflected from whole wall surfaces can be analytically 
approximated by breaking the reflecting surfaces into small 
reflecting components dA. As a result, for first-order 
reflection, the channel Dark Current (DC) gain is given by 

𝐶𝐶ℎ𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =

�

(𝑛𝑛+1)(𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒+1)
4𝜋𝜋2𝐿𝐿1

2𝐿𝐿2
2 𝑃𝑃𝐴𝐴𝑑𝑑𝑑𝑑𝑑𝑑𝑇𝑇𝑓𝑓𝑓𝑓(Ψ1)𝑇𝑇𝑐𝑐𝑐𝑐(Ψ1)𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛(𝜑𝜑1),

cos(δ1) 𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒(γ1) cos(Ψ1), 0 ≤ Ψ1 ≤ Ψ𝑐𝑐
0, Ψ1 ≥ Ψ𝑐𝑐

 (14) 

Here 𝐿𝐿1&𝐿𝐿2 is the reflective wall separation between the 
transmitter and the receiver point and receiver and target 
point, respectively. γ1 – the angle between the irradiance 
element and the reflection coefficient (𝜌𝜌), Table 1. 

Table 1.  Parameters of the FSO monitoring system. 

Component Parameter 
Optical Filter Bandwidth = 1550 nm 
Room Dimension 12’ x 14’ 
MSM 0.11 A/W 
Fluorescent lamp power 36 W 
Frequency 50 Hz 
Dark current 4.55× 104 mW-1 

Performance analysis 
Certain metrics are measured and compared with existing 

methods in order to estimate the system's performance. 
Transmitted optical power refers to the output optical power 
of the light source on the optical module's transmitting end, 
while received optical power refers to the input optical power 
of the light source on the optical module's receiving end. This 
is the signal's strength, often known as its power level. 1 mW 
(milliwatt) of power in a power meter is equivalent to 0 dBm. 
Negative signals are small signals. For example, typical LED 
power sources have a -20 dBm output power, while laser and 
VCSEL sources for fiber optic testing have a -10 dBm output 
power. An ECPR, or electrically calibrated pyroelectric 
radiometer, is the NIST standard for all power measurements. 
It compares the heating power of light to the well-known 
heating power of a resistor to determine the optical power. 
Calibration is performed at 850, 1300, and 1550 nm. The 
BER is strongly influenced by the transmitter power level. 

Bit Error Rate (BER) 
The BER is the proportion of bits with errors compared 

with the total number of bits received in a transmission, often 
expressed as ten to a negative power. The BER is measured 
by finding the ratio between the total number of bits 
transmitted in the same period and the number of bits received 
in error. A BER of 10-9 is typically considered acceptable in 
telecommunications, although 10-13 is a more appropriate 
minimum for data transmission BER. The BER is calculated 
by comparing the transmitted and received bit sequences and 
calculating the number of errors. The BER is the ratio 
between the total number of bits received and the number of 
bits received by mistake. When sending data from one 
location to another, the most important consideration is how 
many errors will appear in the data at the other end. 

Optical Signal-to-Noise Ratio (OSNR) 
The Optical Signal-to-Noise Ratio (OSNR) is a significant 

indicator of signal quality for long-distance fiber-optic 
communications. OSNR values represent the signal 
degradation due to Amplified Spontaneous Emission (ASE) 
noise introduced by optical components such as amplifiers 
along the transmission path. When an optical signal is 
transmitted over an optical transmission system with optical 
amplifiers, OSNR is crucial because it indicates the degree of 
degradation. It can be thought of as the Quality of Service 
(QoS) at the physical layer of optical networks. The noise 
power received at the receiver is summed by the noise sent 
from each amplifier across the link to the receiver. The value 
of OSNR can be calculated by subtracting the noise power 
from the signal power, according to the definition. 

Q-Factor 
A Q-factor is a comprehensive measure of an optical 

channel's signal quality that accounts for noise, filtering, and 
linear/non-linear distortions of the pulse form, which cannot 
be determined with simple optical characteristics alone. 
Receiver performance is qualitatively described by the Q-
factor, which is a function of OSNR. The Q-factor is the 
minimal SNR required to obtain a given BER. For high bit 
rate, high OSNR ratio is required. 

3. EXPERIMENTAL RESULTS  
The evaluation of the optimized Lipschitz exponent and the 

free-space optic section for monitoring the ECG and EEG 
signals is implemented by the MATLAB 2019b stimulation 
platform. The following section illustrates the performance 
and effect of the OLE function on biosignal transmitting 
power, error rate, and OSNR. 

A. System model 
The system will be housed in 12 x 14 rooms in remote 

areas about 7 km from the hospital. Medical devices such as 
ECG and EEG electrodes are placed on the patient’s body 
[22]. The signal is continuously monitored with a 
multiparamonitor. In this work, we recorded various EEG and 
ECG signals from 20 patients from different aspects. The six 
sample images of the patients are shown in Fig. 4.  

In this model, informative features of the biosignal are 
measured by the optimized Lipschitz function [23]. OLE 
measures the information such as singularities, dynamic 
behavior, and local regularities from the EEG and ECG 
signals. The processed real-time signals are transmitted to the 
target receiver via the free space medium [24]. The 
transmission and reception process are managed through the 
line-of-sight and indoor optical channels. At the receiver end, 
the optical filter receives the source signal and the noise 
signal [25]. 

The optical filter removes the background noise and 
converts the optical signal into an electrical signal using the 
photodiode [26]. The LPF is placed on the receiver end to 
remove unwanted frequency signals, and finally the output is 
calculated by the signal analyzer. 
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Fig. 4.  Samples of biosignal telemetry. 

Fig. 5 shows the ability to detect local irregularities and 
singularities of EEG and ECG biosignals with optimized 
Lipschitz function. The obtained biosignals are transmitted to 
the hospitals about 7 km from the remote area via a FSO 
medium. The biosignals of the patients are improved by the 
OLE function and the optimized signal is transmitted to the 
hospital. 

 
(a) EEG signal 

 
(b) ECG signal 

Fig. 5.  Optimized Lipschitz function of the EEG and the ECG 
biosignal data. 

B. Performance of transmitted power signals on FSO power 
system 

For performance analysis, the bit error rate estimation for 
the LOS channel and the indoor diffusion channel are 

illustrated in Fig. 6 and Fig. 7. The bit error rate of LOS 
scenario 1 and scenario 2 for 100 kbps, 1 Mbps, and 10 Mbps 
data is shown in Fig. 6. The bit error rate of diffusion channel 
scenario 1 and scenario 2 for 100 kbps, 1 Mbps, and 10 Mbps 
data is shown in Fig. 7.  

 

Fig. 6.  Bit error rate and transmitted power for LOS channel of 
scenario 1 and scenario 2. 

 

Fig. 7.  Bit error rate and transmitted power for diffusion channel of 
scenario 1 and scenario 2. 

 

Fig. 8.  OSNR performance accuracy of OLE-FSO model and the 
existing models. 

From Fig. 6 and Fig. 7, it is clear that the optimized 
biosignal has a lower BER than the raw biosignal in all 
frequencies of 100 kbps, 1 Mbps, and 10 Mbps. This proves 
that the proposed FSO-OLE method is better than the 
conventional methods and the error rate is lower [29]. 
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The OSNR value is determined to measure the 
performance of the OLE-FSO system and the result is 
compared with existing methods. For the comparison, the 
system selects the Q-factor-based parameter in the existing 
FSO techniques and the proposed OLE-FSO model to predict 
the OSNR performance accuracy. Fig. 6 shows the OSNR 
performance of the proposed OLE-FSO model, bidirectional 
FSO and other FSO techniques.  

The OSNR is calculated for the proposed FSO-OLE 
method, the bidirectional FSO system, and other FSO 
systems for different carrier signal frequencies. Fig. 8 shows 
that the OSNR value of the proposed FSO-OLE method is 
high for all different carrier signal frequencies. Thus, the 
efficiency of the FSO-OLE method is proved. 

4. DISCUSSION 
The performance evaluation of the proposed model was 

calculated using certain parameters such as transmitted 
power, bit error rate, and optical signal-to-noise ratio. To 
understand the efficiency of the optimized Lipschitz exponent 
function, the BER of the normal biosignal and the optimized 
biosignal are calculated separately in two different channels 
(LOS and Diffusion) and compared for analysis [27]. We 
consider two scenarios in the comparison stage. In scenario 1, 
the regular biosignals (ECG and EEG) of the 20 patients are 
collected, transmitted through the FSO system, and received 
at the hospital [28]. In scenario 2, the biosignals of the same 
20 patients are improved by the OLE function and the 
optimized signal is transmitted to the hospital. Moreover, the 
optimized biosignal has a lower BER than the raw biosignal 
in all frequencies of 100 kbps, 1 Mbps, and 10 Mbps, as 
shown in Fig. 6 and Fig. 7. This demonstrates that the 
proposed FSO-OLE method is superior to the established 
methods and has a lower error rate. From Fig. 8, it can be seen 
that the proposed OLE-FSO model has the best performance 
in terms of OSNR compared to the existing methods. The bit 
error rate of 10-9 is obtained, which satisfies the healthcare 
monitoring condition. 

5. CONCLUSION 
The present work focuses on the processing and 

transmission of biosignals over the free-space medium. The 
system is developed with an optimized Lipschitz function and 
an improved free-space medium for signal transmission. The 
transmitter end of the FSO system has a LED source, FDM, 
and lithium niobate modulator to convert the electrical source 
into a convenient transmission signal. On the receiver end, 
the signal consists of an optical filter, an FDM demultiplexer, 
and a metal semiconductor metal photo detector to obtain the 
biosignal in electrical form. The performance of the proposed 
OLE and FSO systems is examined through the graphical 
output of the biosignal and the transmitted power and bit rate 
error in the LOS and diffusion channel. The bit error rate of 
10-9 is obtained for scenario 1 and scenario 2, which satisfies 
the healthcare monitoring condition. The result section shows 
that the proposed model has minimum loss compared to the 
original signal. The proposed system allows the analyzer to 
detect the fault or error and prevent the loss of the signal. In 

the future, the system can be enhanced with advanced deep 
learning techniques to increase the robustness of the free-
space medium. 
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