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The paper aims to design and develop an innovative solution in the Smart Building context that increases guests’ hospitality level
during the COVID-19 and future pandemics in locations like hotels, conference locations, campuses, and hospitals. The solution
supports features intending to control the number of occupants by online appointments, smart navigation, and queue
management in the building through mobile phones and navigation to the desired location by highlighting interests and
facilities. Moreover, checking the space occupancy, and automatic adjustment of the environmental features are the abilities that
can be added to the proposed design in the future development. The proposed solution can address all mentioned issues
regarding the smart building by integrating and utilizing various data sources collected by the internet of things (IoT) sensors.
Then, storing and processing collected data in servers and finally sending the desired information to the end-users.
Consequently, through the integration of multiple IoT technologies, a unique platform with minimal hardware usage and
maximum adaptability for smart management of general and healthcare services in hospital buildings will be created.

1. Introduction

During the COVID-19 pandemic, high-tech solutions like
the Internet of Things (IoT) for smart buildings have been
critical in keeping our urban societies functional [1-2]. The
aim of highlighting the smart building with IoT technologies
is to identify COVID-19 cases, decrease the spread, and
reduce the impact of the pandemic. Smart buildings, sup-
ported by IoT, were primarily relied upon for security, auto-
mated management and control, increasing energy efficiency,
safety, usability, and accessibility. Furthermore, as lockdown
eases, they will also help manage building occupancy levels
and social distancing [3-5].

This research is aimed to improve smart buildings’ fea-
tures by adding queue management, smart navigation of
places to minimize people connection, and social distancing
safety mechanisms. Besides, environmental advancement

features to increase people’s safety are features that this pro-
ject can offer in the subsequent development [6-8].

This solution implements through several steps can be
seen in Figure 1. Our model-building to develop our pro-
posed solution is a hospital, which is the most demanded
place to make it smart based on surveys [9-12]. As the first
step, sensors’ positioning is deployed using our Building
Information Modeling (BIM) and mathematical formulation.
Next, the data will send to the gateway through several spe-
cific protocols. Then, received data will be stored in the
servers and processed through the designed middleware;
consequently, the processed data sent to the mobile applica-
tion, shown in Figure 2 [13-16]. The presented platform’s
primary thinking is to propose an application that users can
control through their smartphones using the data gathered
through sensors and beacons located in the different parts
of a hospital [17-20]. IoT would be the best solution to
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FIGURE 1: A workflow depicts the general steps and components required for the implementation of the project.

FIGURE 2: The image shows the BIM model of the building used for deploying sensors.

combine all collected information and send it to the end-
users [20].

Since position determining is considered a significant
section of these solutions, we have intensely focused on posi-
tion determining. Previous efforts with indoor positioning
systems focus on statistical fingerprinting methods, mainly
using 802.11 (WLAN) as the platform. Some efforts were
made with purely signal strength-based positioning, but
indoor environments have shown to work unfavorably for
these kinds of methods [21-23]. The novelty of our presented
platform is to take advantage of previous efforts and custom-
ize and optimize them to grant them the ability to implement
in an actual project since most of the earlier efforts were lim-
ited to computer simulation. Moreover, regarding the previ-
ous efforts, developing a mobile application that offers the
mentioned services to the end-users can be considered a
unique feature of the proposed platform [1, 24-30].

One of the major functionalities of the smart building is
in healthcare, as a smart hospital. Due to the COVID-19
pandemic, the hospital’s occupancy level and social distanc-
ing are critical to reducing the communication between
patients and medical staff to reduce the spread of COVID-
19 pandemic cases [31-37]. Moreover, in the COVID-19
pandemic and other viral illnesses, taking good patient care
is practical [38-42].

Our proposed design’s supremacy provides a wide range
of practical information for end-users, such as a list of exams
and queuing guidance to the next room and direction to the
desired destinations [43-46]. Furthermore, this scheme pro-
vides information about the point of interest, like the number
of people, waited in line for service and accessibility of that
service at that time [47-52]. Besides, this scheme notifies
end-users about breaking the social distance in the situation
of the COVID-19 pandemic.
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TaBLE 1: Small overview of positioning features technologies using wireless technology.

Wireless technology Power efficiency A.pphcatlon. Positioning Advantage Disadvantage Some related
(social/industrial) accuracy resources
Our proposed . Social (health, . .
architecture High commercial, etc.) High Low-price n/a o
. . . Easiness for Technology
Ultrawideband (UWB) Low (relatively) General High implementation availability #ref [5-8]
GPS and similar . Easiness for . .
satellite-based models Low (relatively) General Average implementation High-price #ref [5-8]
o . . Technology Difficulty for
802.11 fingerprinting Low (relatively) General High availability implementation #ref [5-8]
802.11 time differential . Technology Difficulty for
# -
lateration Low (relatively) General Average availability implementation ref [5-8]
o . . Difficulty for
Bluetooth fingerprinting High General Average Low-price implementation #ref [5-8]
. . Technology . .
Cellular proximity Average (relatively) General Very low availability High-price #ref [5-8]
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F1GURE 3: This workflow shows the connection between the different components of the system as well as using technologies.

In Section 3, we discuss the methodologies used in the
proposed technique. Furthermore, in this section, we discuss
the positioning and related components such as Bluetooth
low energy, beacons, and concepts to provide a detailed pro-
ject definition. Then, in Section 4, we discuss the information
collected through surveys and their application to show the
mobile application’s primary outcome, particularly for the
COVID-19 case [53-57].

2. Related Work

The modern technologies used for indoor positioning are
intensively various in terms of accuracy, cost, and mainte-
nance requirements, e.g., most of them have concentrated

TaBLE 2: The table defines the constants used in Eq. (2) empirically.

Constant A B y
Value 0.889 7.7895 0.111

on IEEE 802.11, known as Wi-Fi. Even though the previous
works in this field have achieved acceptable results, they have
not used power-efficient wireless technology, such as 802.11.
But regarding Bluetooth, the initial attempts to use this tech-
nology for postponing purposes do not show promising
results [5]. Since many parts of earlier versions of Bluetooth
standard are not suitable for positioning. The two main prob-
lems of positioning technologies, alongside energy efficiency,
are the clock accuracy and the received signal strength
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FIGURE 4: Trilateration-based positioning system [1].
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FIGURE 5: A curve that shows the relation between signal strength at the receiver and distance could be viewed by increasing the distance

signal power decreases exponentially.

indication (RSSI) value that affect the expected accuracy
level. Unfortunately, we have not found any closely related
articles in time-based positioning with a dedicated focus on
this.

On the other hand, related work focused on the correla-
tion between distance and RSSI [6]. Although this correlation
is practical, the accuracy level is limited in this case. The con-
cept of fingerprinting is a subject of other studies focused on
positioning technologies as well. In the Bluetooth-based sys-
tems, all the desired location is covered with BLE beacons
that constantly propagate their presence. Then, the device
planned to be located computes all the received propagations’
signal strength and compares those and a precompiled data-
base of locations. Consequently, selecting the best match can
achieve an accuracy level of fewer than 3 meters with a very
high level of precision [7]. Some papers also focus on Blue-
tooth, old versions, not BLE, which might have different

properties making it more useful for other methods such as
RSSI-based ones.

There is almost no clear standard to address several
existed commercial indoor positioning systems on the mar-
ket. In fact, the technology providers do not specifically
describe their products. Moreover, the used method and
expected level of accuracy are not determined. However,
most of them rely on the 802.11 standard, which makes them
inherently power inefficient. They are typically used for posi-
tioning people, either for navigation or location-specific
information such as commercial offers at retail locations or
tour information.

Table 1 shows a selection of positioning techniques avail-
able for indoor use. Regarding GPS as a reference, the num-
bers are estimated, and both power consumption and
accuracy may vary in the systems based on similar designs.
The power figures are measured in the active condition,
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FIGURE 6: Part (a) depicts the position of people counter sensors, and part (b) shows the positions of BLE sensors in the building.

and it is not directly comparable between each other. Some
technologies are energy efficient (drastically less than tech-
nology with similar active state power, but setup times are
longer).

Therefore, the absence of technology with less than ten
meters of accuracy and an acceptable level of power efficiency
can be considered the main issue. UWB and BLE-based sys-
tems are considered two options that look particularly prom-
ising, and both can be used for indoor positioning. Cost and
accuracy expectations are still crucial for different technolo-
gies and critical while selecting a wireless technology. This
paper focuses on BLE-based systems since BLE is deployed
in mobile phones and wearable electronics, and it is expected
to grow rapidly in its usage. BLE-based systems provide
many economic advantages such as low-cost, low-power,
and high availability of devices. Moreover, the BLE-based
systems would compete with UWB for accuracy and resolu-
tion, but as mentioned, lower prices and more availability
of technology [8].

3. Proposed Method

3.1. General Architectures. This section talks about the meth-
odology used by the proposed system presents the block dia-
gram of the working of the system at the user end Figure 3.
Regarding the provided graph, Figure 3, counter sensors
and Bluetooth low energy (BLE) beacons are considered the
source of data that sends their data to the gateway through

Slrooml = sl

Slroom2 = s4

Slroom3 = s5

Slroom4 = s7-56-s8
Slroom5 = s6

Slroom6 = s8+s9-s10-s11
Slroom8 = s13+s14-s15
Slroom9 = s15+s16-sb

FiGURg 7: The procedure used to implement the people counting
Sensor.

Message Queuing Telemetry Transport (MQTT) messages.
The main idea is to propose the people counting with mini-
mum error using three sensors in each door. These three sen-
sors should work concurrently and calibrate in a single code.
The gateway can implement each sensor data using wired or
wireless communication. The working principle is a simple
IN-OUT principle. Whenever a person goes through the
inside (dedicated direction for every room), the optimized
data will increase the room’s total number. Otherwise, it will
decrease. According to the provided workflow, we have a
BIM model that includes information about the geometry
and generally considered a database.

Furthermore, communication between different blocks of
the mentioned workflow performs through MQTT, REST
API, and Bluetooth protocols. Admin DASHBOARD is a
tool to help the end-user to control the data. Regarding the
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FIGURE 8: image shows the simple IN-OUT principle.

database, Mongo D.B. and Studio3T are used for this pur-
pose; also, Thingsboard.io is used as the control dashboard.

3.2. Positioning. To discuss the concept of positioning, a brief
introduction of basic concepts is necessary, mentioned in the
following sections.

3.2.1. Proximity. One of the easiest positioning methods is to
check that the object is present in radio coverage without
considering the received signal strength indicator (RSSI) or
arrival time. The resolution offered is the same as the radio
coverage, as it would only differentiate between two states,
present and not present. Accuracy will increase through
combining several radios at different positions and taking
advantage of their coverage areas overlap to determine the
object’s precise situation.

3.2.2. Ranging Concept. The procedure of distance determi-
nation between two objects, without considering the angle.
It is also the basic concept utilized for lateration. To accom-
plish this purpose, several methods were studied. The two
most popular approaches in radio ranging are according to
received signal strength or time of flight. The formulation
between signal strength and distance is expressed as
“d = 20(RSSI + a)” in the free space. In the previous formula,
a is an offset according to the maximum received signal
strength of the system. However, this formulation is an inac-
curate estimation for indoor positioning use cases since
indoor areas contain many obstacles such as walls and furni-
ture. It is worth noting that the obstacles are the primary rea-
sons for multipath effects that lead to the complication of the
relation between distance and RSSI and reduce accuracy.

3.2.3. Lateration Concept. Using multiple range measure-
ments determines one object’s position. When the range is
measured from several certain positions, each measurement
is considered a circle or sphere of possible positions at that
range. Combining several measurements and calculating
the junction of the measurements lead to the estimation of
position. For example, the mentioned procedure is depicted
using three beacons located at a different distance from the
object.

/*subscribe to MQTT broker */

mgqtt_subscribe(&client, topic, 0);

/* start publishing the time */

printf(“%s listening for ‘%s’ messages.\n”, argv[0], topic);
printf(“Press CTRL-D to exit.\n\n”);

/* block */

while(fgetc(stdin) != EOF);

/* disconnect */

printf(“\n%s disconnecting from %s\n”, argv[0], addr);
sleep(1);

/* exit */

exit_example(EXIT_SUCCESS, sockfd, &client_daemon);

ArLGoriTHM 1: It shows the main process.

3.3. Bluetooth: Low-Power Tool. BLE is a low-power radio
standard Introduced in the Bluetooth 4.0 standard. Keeping
Bluetooth as part of its name does not mean complete back-
ward compatibility with the earlier Bluetooth versions. Blue-
tooth 4.0 standard specifies two different kinds of radio
interfaces, first, compatibility with the previous standard,
known as Basic Data Rate (B.R.) or Enhanced Data Rate
(EDR). Second, the dual-mode and single-mode can support
BR/EDR or BLE, provided through Bluetooth 4.0. The direc-
tionality of the antenna is a primary consideration that
should be considered with all BLE-enabled devices. Using
small antennas leads to the property of nonisotropic radia-
tion patterns. Therefore, in most positioning scenarios, due
to antenna directionality and the size of obstacles, adding
an external antenna to these devices cannot be considered
as a solution. This problem can be addressed using relative
signal strengths instead of absolute ones when position deter-
mination performs through multiple signals.

3.3.1. Radio Interface. The radio interface is one of the drastic
changes regarding the earlier Bluetooth versions. BLE takes
advantage of a 2.4 GHz ISM band. Moreover, BLE uses 40
channels with 2 MHz bandwidth instead of 79 tracks with 1
MHz bandwidth. As a solution, the permitted broadcast
channels are reduced to three to reduce the scanning time.
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pthread_t pidl, pid2, pid3, pid4, pid5;

t1= pthread_create(&pid[i], NULL, threadl, (void *) &inputl);

if(t1){

printf(“Error creating thread1%d!”, 1);

return -1;

t2= pthread_create(&pid[i], NULL, thread2, (void *) &input2);
if(t2){

printf(“Error creating thread2%d!”, 1);

return -1;

t3= pthread_create(&pid[i], NULL, thread3, (void *) &input3);
if(t3){

printf(“Error creating thread3%d!”, i);

return -1;

t4= pthread_create(&pid[i], NULL, thread4, (void *) &input4);
if(t4){

printf(“Error creating thread4%d!”, i);

return -1;

t5= pthread_create(&pid[i], NULL, thread5, (void *) &input5);
if(t5){

printf(“Error creating thread5%d!”, 1);

return -1;

ArGORITHM 2: Getting the sum value (last value of the three sensors) and publishing it to the broker to calculate the number of people in each

room.

3.3.2. BLE and Positioning. Regarding the exposure to BLE
devices, the services experience a new approach, and the
standard itself contains multiple services. Two service pro-
files containing the positioning are included. Find Me Profile
(FMP) and Proximity Profile (PXP). The application of FMP,
which is the “Find Me Profile,” is to locate the devices easier
in case of loss. Two devices are needed To perform the FMP
procedure, one is the locator, and the other is the target that
wants to be found.

Furthermore, the server would be our target that listens
for requests from the locator. Then, the target device will be
notified whenever a request arrives. The notification would
be a visual or auditory signal in most cases, which helps
locate the device easier. The other use case of the previous
notification approach is to trigger a broadcast, or through
this, the device can position itself and report back with the
estimated position. This standard contains another
location-based service concept that is considered PXP. It
defines the behavior of a device in the case of loss or connec-
tion establishment. This service is practical for a positioning
platform, and it relies on the devices establishing connec-
tions. This issue leads that both PXP and FMP suffer the
same problem. Where battery life is not a consideration, both
profiles may be helpful in applications. iBeacon is a commer-
cial product by Apple that provides positioning service with
compatible devices and a wide range of mobile phones and
computer support; however, this is not a standard profile.
This is a two-way system, and its performance is the same
as PXP [1].

3.3.3. Positioning Based on BLE Proximity. On a larger scale,
there are many disadvantages regarding fingerprinting. Since
more accuracy is unnecessary, simpler proximity or ranging
systems can reduce the cost of a complete system. The

/* Thread-2 */

void * thread2(void * unused){
int *value;

value = (int *) unused;

if(S1 == OUT && T1 == OUT){
/*if sensorS1 and sensorT1 detect
the movement in the same

way and -1 direction it will
decrease the total value. */

room —;

}

while(1); /*loop forever*/

}

AvrcoriTHM 3: If sensor S1 and sensor T1 detect the movement in
the same way and +1 direction, it will increase the total value.

/* Thread-1 */

void * thread1(void * unused){

int *value;

value = (int *) unused;

if(S1 == IN && T1 == IN){

/*if sensorS1 and sensorT1 detect the movement
in the same way and +1 direction it

will increase the total value. */

room ++;

while(1); /*loop forever*/

}

ALGORITHM 4: If sensor S1 and sensor T1 detect the movement in
the same way and -1 direction, it will decrease the total value.
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/* Thread-5 */

void * thread5(void * unused){
int *value;

value = (int *) unused;

room (=)(++);
}
while(1); /*loop forever*/

}

if(S2 == OUT && T1 == OUT && S1 == OUT) || (S2 == IN && T1 == IN && S1 == IN){

AvrcoriTHM 5: Using the thermal sensor data described in C.

fingerprint’s implementation cost is dependent on the cov-
ered area. Therefore, a fingerprint-based system would not
be the first option for indoor positioning. However, it would
be an efficient idea to use the concept of fingerprinting to
improve other solutions.

3.4. Beacon. The beacons frequently broadcast their I.D. and
then sleep for 500 ms. The broadcast was intended only to
send on the lowest of the three available channels. It is impos-
sible to use the same program for all beacons since different
hardware platforms use. However, the low complexity of
the programs does not have a destructive effect on the overall
system performance. The main reason for utilizing just one
announcement channel is to minimize the spread created
through small changes in channel properties for different
frequencies.

Consequently, this reduces the fingerprint complexity.
Otherwise, each beacon should be considered three times,
one for each frequency. The beacons should enable to
respond and provide some data to a local application where
the device locate. It can be seen that this data delivery func-
tionality and special software requirements on the devices
lead to a complicated system.

3.4.1. Density and Beacon Locating Strategy. This procedure
defines to receive the best performance how dense beacons
are needed to locate. In a small place, the deployment of
many beacons possibly only adds to noisy measurements
and degrades performance. The cost and power consumption
of a full-scale system should be precise before commercial
deployment. To determine worst-case and best-case scenar-
ios, this should be performed in the different radio environ-
ments to collect enough data. One way to address it is to
use an overlapping quantized ranging model. The RSSI of
several beacons use to determine the user’s location, similar
to an overlapping proximity system. However, using RSSI
can be mapped to distance with low precision. This system
will not impose an extra cost than a pure proximity-based
one but with the same level of accuracy that practical if the
positioning is only limited to the room level or similar.

3.5. MQTT Basic Definition. In IoT systems, the sensors are
not autonomous to decide what to do. Sensors are responsi-
ble for sending their measurements to a central location for
processing purposes in an IoT system. Then, whoever needs

these data should be subscribed to them. Therefore, they
would be able to process them and respond. For example, a
switch can notify that it has been switched, or a temperature
sensor can inform about the measured temperature. The fol-
lowing central location forwards all this data to the respective
subscribers. This feature addresses the changes in application
requirements and adds new functions.

3.6. Positioning Algorithm. This procedure performs using
user position estimation through these steps. As the first step,
distance estimation is performed. Two parameters are
defined: RSSI (the measured power) and Tx-power (the
transmitted power). A ratio between RSSI and Tx-power is
defined as piecewise in Eq. (1) and Table 2 to estimate the
distance. Additionally, by knowing the Beacons’ positions
and the distance of users from beacons using the circle’s
inverse equation, the position will estimate Figure 4. It can
be shown by increasing the estimated distance; the received
power will be decreased Figure 5.

Moreover, Figure 6 shows how people counter sensors
placed in the desired building. After sensors calibration, each
door will have its counting value; we use it to find the exact
number of people in each dedicated place. In this simple
algorithm, slrooml =R1 is the first room in the building,
and in this room, we have just one door counting because
the room value is equal to the sl (doorl calibrated sensor
value). When looking at room4 = s7 — s6 — s8, which means
dedicated directions of this room are inside (+) and outside
is (-), and in this room, we have s7, s6, s8 (door7, door6,
door8). Whenever a person comes inside room4, using s7 will
increase the total number of room4; whenever a person goes
outside using s6 and s8, that will decrease the total people
number in room4 Figure 7. Directions are dedicated to what-
ever the user wants to modify the algorithm based on the
dedicated paths.

1oRato Ratio< 1,

ay (/J’Rati°> Ratio > 1.

Ratio = 7}{881 d=
Tx — power

(1)

3.6.1. People Counting Sensors. The main idea is to propose
the people counting technique with minimum error using
three sensors in each door. These three sensors should work
concurrently and calibrate in a single code. The gateway can
implement each sensor data using wired or wireless
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FIGURE 9: Image focused on the middleware section and used components and performed operations.

communication. The working principle is a simple IN-OUT
principle. Whenever a person enters the room (dedicated
direction for every room), the optimized data will increase
the room’s total number. Otherwise, it will decrease. In addi-
tion, there is a Sensor (T1), a thermal sensor (which helps not
count anything else except person), and can detect the per-
son’s direction. On the left and the right side, sensors can
help to detect the movement of the people. In this project,
all the connected sensors to the gateway with MQTT proto-
col are processed with some multithread C code to compute
the IN-OUT number (Figure 8).

3.6.2. Algorithm of the Counting with Three Sensors. First,
subscribe to the MQTT broker to get all three-sensor data.
We could subscribe and get the current data and use it. In
the following, we will provide algorithms to show how to sub-
scribe MQTT server. Here, the coding algorithm shows how
the code should modify in every selected sensor in the actual
testing algorithms 1-5, subscribing to the three sensors’ data
topic and creating five threads working concurrently in the
process. We have five conditions to change the value of the
final value of the three sensors.

3.7. Middleware. In this section, we focus on the middleware
block and its related connection and definition. Furthermore,
we have provided several images of the operation of our mid-
dleware Figure 9. Middleware block is software that serves as
an interface between the end-users and other hardware com-
ponents to aggregate and filter received data from the hard-
ware components, perform information discovery, and
provide access control to the end user’s application.

3.7.1. Receiver. The receiver controller would be considered
the crucial part of the software. The receiver works with a
straightforward C-program responsible for transferring BLE
packets between the gateway and the BLE host controller.

Implementation location

0.15

M Hospitals B Hotels

[ Banks B Offices
GDO Schools

B Restaurants Shops

FiGure 10: The pie chart illustrates information based on a survey
about the most voted place to implement the project.

Packet transform performs as raw streams of data. They
should decode in software to be helpful to address the essen-
tial required functions in all the experiments with the aim of
code recycling maximization, for example, initialization of
the host controller, initializing the radio, and scanning
enabling/disabling. Support for suitable packet encoding
and decoding is limited since it is time-consuming. There-
fore, it does not have a significant positive point for these
types of positioning systems implemented here.
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F1GURE 11: The pie charts a, b, ¢, and d depict information about preferred smartphone O.S., the age range of users, the expectation of waiting
in the queues, and smartphone usage in an emergency.

4. Results and Implementation percent iOS. This survey has covered the data about smart-

phone users’ age. The related pie charts illustrate that almost
4.1. Review Results. According to the latest surveys, we have 60 percent of smartphone users are in the 18-29 age range,
gathered some information about our project’s different  while the minor smartphone users belong to the 30-39 age
aspects. Furthermore, we have found out that almost 50 per- ~ groups. Regarding smartphone usage during an emergency,
cent of surveyed cases prefer to use Android, followed by 46 it can be viewed that a hefty 95 percent of cases express their
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FIGURE 13: Interface of end-user application.

preference for using their cell phone during an emergency. In
the case of waiting time that the surveyed cases must spend in
hospital services lines, almost half of them have stated that is
more than their expected time. Eventually, it is worth noting
that the mentioned information is collected through several
surveys held in Turin, Italy, Figures 10 and 11.

4.2. Platform Implementation. The proposed design was suc-
cessfully implemented by integrating multiple IoT technol-
ogy services and applications to create a comprehensive
platform with minimal hardware usage and maximum
adaptability for smart management of presented services in
the hospitals. This section offers a discussion on the results
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FIGURE 14: A general view of the project’s operation when the end-user uses the application for navigation purposes.

obtained. The following objectives were satisfied with the
current final application provided below. As the first result,
this application provides precise navigation in the building
toward the end user’s desired destination through the appli-
cation. This option offers a better experience for its user
and decreases unnecessary commuting in the building.

As the second result of this project, the information about
the point of interest can be mentioned. Through this capabil-
ity of the project, end-users can access a wide range of infor-
mation about the kinds of presented services and the
availability of those services. The most important feature of
the provided application is social distancing by notifying its
users about immune distance with other people in the same
area in the building. The last part of the delivered application
would be highly beneficial due to the situation created by
COVID-19, as Figures 12-14.

5. Conclusions

According to collected data, BLE indicates its suitability for
simple positioning systems, where accuracy is not a priority.
Moreover, BLE-based systems allow for low power consump-
tion and low implementation cost. However, this is depen-
dent on the existed local commercial offers, such as
iBeacon. Although these systems are predicted to indicate
the same level of functionality as proximity-based ones, rang-
ing functionality is limited.

As the implemented system worked and provided the
desired precision for a restricted set of tests, the results show
that the performance of the proposed system is better than a
ranging-based solution. Moreover, with some slight modifi-
cations, it can achieve a performance level like Wi-Fi-based
systems with lower power consumption. Unfortunately, it is
impossible to provide a detailed power consumption mea-
surement since the available equipment cannot perform it.
It is estimated that with two 3 Wh cells, the battery life for
the beacons in the proposed solution can be extended to
years. This study’s theoretical contribution is to enhance
the literature by providing a practical mobile application for

the smart management of hospitals. Furthermore, the devel-
oped platform processes the buildings’ information about the
number of its customers and the date and time of their pres-
ence to better and smarter management of the hospital’s pre-
sented services.

In addition, there is a possibility to enhance the features
of the implemented system to check the space occupancy
and the automatic adjustment of the environmental elements
like temperature and light for better energy efficiency use.

Acronyms

GPS: Global Positioning System

MQTT: Message Queuing Telemetry Transport
TOF: Time of flight

TOA:  Time of arrival

TDOA: Time difference of arrival

BLE: Bluetooth low energy

RSSI:  Received signal strength indication

UWB:  Ultrawideband

GSM:  Global System for Mobile Communications
ISM: Industrial, Scientific, and Medical

DQPSK: Differential Quadrature Phase Shift Keying

8DPSK: 8-way differential phase shift keying
BR.: Basic Rate

EDR:  Enhanced Data Rate

GFSK:  Gaussian Frequency Shift Keying
Data Availability

The experimental materials as generated software are avail-
able through the corresponding author.
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