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Abstract: How to ensure an efficient medical personnel and
equipment management within a hospital and help patients
specially in emergency medical conditions. This paper presents a
Wi-Fi based indoor positioning system for hospitals. It firstly
presents the proposed indoor positioning procedure, analyses the
advantages of Wi-Fi compared to the common positioning
technologies; then designs the server-based indoor positioning
system for hospitals. Finally, fingerprinting algorithm is used to
position in real time. Shown asresult of the conceived system tests,
indoor positioning within hospitals can be realized.
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. INTRODUCTION

In recent years, the concept of intelligent medicine

emerges with wireless and computer technol ogy devel opment
[1]. The most advanced technology -Internet of things [2] is
used in intelligent medicine to make the interaction between
two entities (medical personnel, medical institutions, medical
equipment, patients) possible and easy to build an intelligent
informatization system. Through intelligent medicine based
on advanced concept and technology, we provide indoor
positioning, thus a tracking and improvement of the hospital
management and patients’ treatment experience.

Indoor positioning technology is increasing in various
domain nowadays. It is rarely used in hospitals while
commonly used in museums and shopping malls[3-4]. Wi-Fi,
Bluetooth or RFID (Radio frequency Identification)
represents the most used technologies for indoor positioning
applications. Wi-Fi technology offer the advantages of
positioning, monitoring and tracking in a large-sized area
using the existing network infrastructure. It also permits
self-location propriety which is the basis of most of
applications. Bluetooth technology uses the measured signal
strength to locate objects. It can be easily popularized and
integrated in mobile phone and PC. But this technology
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remains relatively expensive and vulnerable to interfere with
noisy signals specially in complex space environments. Radio
frequency identification is radio frequency based. It isanon-
contact technology mainly used for recognition and
positioning by two-way data communication. It has a lack of
communication ability, short distance efficiency and
integration difficulty into other systems. But it islow cost, has
ahigh transmission range and provide location information in
few milliseconds.

In this paper, we introduce a Wi-Fi based indoor
positioning systems for hospitals. It positions in real time
within hospitals exploiting Internet of things advantages. Our
proposed system can bring convenience to both patients and
medical personnel dueto its fast response, accuracy and ease
of use.

1. WI-FI BASED POSITIONING

This method uses the Wi-Fi technology standards and
hardware to position or track. Depending on the intended
purpose and conditions of the locating environment, we make
adistinction between server-based and client-based approach.

« Server-based: positioning process takes place via Wi-Fi
locating node or Wi-Fi locating tags that receives positioning
signals, measures their strength and forward them to the
application platform. The server then calculates respective
locations; therefore, no application is required for this
positioning type.

» Client-based: positioning process takes place on the
users’ device. An application is required to evaluates signals
from Wi-Fi locating nodes. It has an available back channel
(push notifications...).

A. Server-based Positioning

Indoor positioning process via server refersto position
calculation viaa server within alocating area. It is frequently
used for people and objects tracking without any required
application.

» Wi-Fi Locating Nodes/Tags indoor positioning

technology
Those nodes are hardware components. They are capable of
detecting all Wi-Fi end users, flexible and suit track objectsin
large areas perfectly.

« Third-party providers Indoor positioning technology

It uses a system from athird-party provider (Aruba, Cisco...).
B. Client-based positioning
Indoor positioning via client refers to the calculation of the

position directly via the device of the end user (smartphone
usually...).
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It requires an application to analyze available Wi-Fi signals
strength and provide positioning. This method is often used
for navigation project where communication with the user is
needed.

Table . Comparison of three of common indoor
positioning techniques

Technolo | Accurac | Rang | Suitable Power
ay y e for consumptio
n
Wi-Fi <15m | <150 Area Medium
m detectio
n
Bluetooth <8m <75 Area High
m detectio
n
RFID <10cm [ <1m Spot -
detectio
n

Table 1 shows the difference between Wi-F and two other
technologies of indoor positioning techniques [5]. Compared
with Bluetooth and RFID, Wi-Fi has the advantage of the use
of the existing WLAN installed in hospitals, large coverage
and a good low cost-power rétio.

In this paper, we used ESP8266 Wi-Fi module, asshownin
the following figure. It is based on IEEE 802.11 b/g/n
standard, and can meet the requirement of Wi-Fi based indoor
positioning systems.

Fig.1. ESP8266 NodeM CU module

[11. INDOOR POSITIONING PROCEDURE

The proposed system based on Wi- Fi supports the user
throughout entire tracking process as a tracking service
provider. It provides a flexible indoor positioning system
adaptable to various users’ needs and circumstances. In our
case, our developed system is conceived to be tested in
hospital s using ESP8266 NodeM CU for network constitution.

In order to optimize the management of the medica
personnel and the equipment in a complex domain such as
healthcare, we propose a tracking system procedure
illustrated in the following figure.

Specification of the hospital needs
(locating area, person, equipment...)

v

Venue mapping

\

Adaptation of our Wi-Fi tracking system

v

System Installation + Calibration

v

System rollout
Fig.2. Procedur e of our tracking system
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A. Specification of the hospital needs

We identify the needs of the hospital. In this regard, we
focus on the following question:

» What is the specific problem to solve?

« How/What is the indoor environment of the hospital
(buildings...)?

» What are the assets (static or mobile objects) and who to
track (patients, doctors, visitors...)?

B. Venue Mapping

We digitalize the hospital environment. then, define
ESP8266 module-based network specifications and mark
locating APs as important locations.

C. Adaptation of our Wi-Fi Tracking System

Based on the specification of hospital needs step, we
identify the requirement of the application. We adapt our
proposed system to enabl e localization of people and goodsin
real time within a hospital by including possible problems
(technical limitation).

D. System Installation + Calibration

We ingtall the locating nodes taking into account hardware
parametrization. Then, we record the reguired positioning
datato calibrate on site using our algorithm.

E. System Rollout

With preliminary test result long the way, we offer a full
locating-service system in close coordination with the
application.

IV. OUR PROPOSED WI-FI BASED POSITIONING
SYSTEM

A. System Ar chitecture

TheWi-Fi based indoor positioning systemsfor hospitalsis
a server-based system. It was designed based on multiple
network cells, as shownin Fig.3.

————
Database / |

Fig.3. Composition of our system

The positioning network layer: ESP8266 NodeMCU

nodes were chosen as hardware component of the system
working under |EEE 802.11 b/g/n standard, due to their ease
to use and small sizes.
First ESP8266 modules were configured asthe |ocating nodes
in certain places. Then, these modules’ mac address and the
region where they locate were put into database server. When
the object or the person to locate is within a cell of the
network, locating nodes receives RSS| from the node to
position to calculate its position and forward it to the server.
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The server maps the calculated locations according to
information from the pre-configured ESP8266 locating
nodes.

The platform layer: it can be optional and should be
designed to meet user requirements (simplicity...). It includes
server and the person responsible of the supervising and the
management of the hospital. He is responsible of interacting
with the system while server is responsible of information
processing.

B. Functional Architecture of the positioning Network
Layer

The network layer shown in figure 4 constituted of three
functional parts: ranging, indoor positioning and the data
(within all the network). The ranging process in each network
cell consists on the measure of the distance between the node
to locate and the locating node based on RSSI measures
values. The indoor positioning can be subdivided into
obtaining coordinates within anetwork cell (relative position)
and the network (absolute position).

/ Positioning network layer \

personnel ...

Data Ranging Located people
e mmmmmmmoooooC . [objects count
i o Empty beds 1
| Positioning
1
1
1

A}
I
I
o Available medical !
I
1
1

Fig.4. Architecture of the positioning network layer

a. Ranging

This step deal swith the determination of the distance between
the locating node and the node to locate. When a node is
within the Wi-Fi positioning network covered by Wi-Fi, the
locating node will receive the MAC address, SSID and the
RSSI. The received MAC Address is compared to the stored
MAC Address in database. If it exists, we can obtain the
location of this node. This processis as follows:

» Step 1. The node to locate approaches the covered
locating area.

« Step 2: Locating nodes immediately receives the node to
locate information (MAC Address, SSID, RSSI).

» Step 3. Received MAC Address is compared to data
stored in database.

» Step 4: The processing of the received signal starts in
order to determine the location (relative position) if data is
available in database.

b. Fingerprinting Algorithm
The location of the node to locate is reflected by ESP8266
locating nodes as part of the locating network. Fingerprinting
techniqueis used then to position within each cell constituting
the network. This method [6] consists of two phases:

* Phase 1: Collecting the positioning pointsform amap by
dividing the locating environment into a grid and signals.

» Phase 2: Compare collected data to measured ones to
find matches from the database that stores each reference
point locations.

According to MAC address and RSSI information, this
method permits the determination of the current position of
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the nodeto locate from servers. This obtained location will be
displayed in a2D map which helpsto find the nearest point to
the locating node. Besides, it ensures the management of
material and personnel resources in different hospital
department (empty beds, available equipment...) will be
possible.

V. THE EXPERIMENT

The prototype of the Wi-Fi positioning network was built
with ESP8266 modules to represent the positioning network
layer, PC was used as the database and monitoring layer,
Arduino was used as the development tool. The experiment
results are shown in the following figure.

Fig.5. The design of the positioning system prototype

Master Anchor.

Fig.6. Theprototype of the positioning system [7] (1 cell
+ server)

a. Ranging
The pre-stored database is constituted of locating nodes
list. Each locating node has a unique MAC address and SSID

(table below). Each Locating node has a known position
within the network.

Tablell. List of mac address, ssid and position within our

network
MAC Address SSID Position within

the network
5C:CF: 7F:0B:98: D8 ESP 1 Position 1
A0:20: A6:00: F7:3A ESP 2 Position 2
5C:CF:7F:1B: 7A:C2 ESP 3 Position 3
A0:20: A6:00: F7:3A ESP 4 Position 4
A8:D9:B3:0D:AA:CE ESP5 Position 5

3610

When the object or the person to | ocate approacheswithin a
network cell, the locating node will start ranging procedure.
Hence, the relative distance of this node can be determined

8.
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Tableiii. Ssid, rssand ranging distance

SSID RSS value Ranging
distance (m)
ESP1 -55.05 1.202
ESP2 -61.71 3.120
ESP3 -68.12 2.365

b. Positioning
Once ranging is applied in the network cells. We start the
positioning and the mapping in our indoor environment. For
this, we use fingerprinting technique. For the experiment, we
used five nodes to locate (red) and five locating nodes (blue).
Obtained results shown in figure below are similar to real
values so this technique is applicable and efficient.

5
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Fig.7. Fingerprinting within one cell with five locating
nodes (blue) and nodesto locate (red) in a 5m x 5m area

Fig.7. is the map displayed at the server level where the
people and objects positions are marked. Based on the
pre-stored list of MAC address, SSID the caculated
positions, we build this once network cell map. It shows the
nearest locating which can be potential empty beds or
available doctors or nurses.
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Fig.8. Positioning error based on number of groups

TablelV. Mean error using trilateration and
finger printing

Processing of samples
Technique Mean | Median | 50% of
Localisation sample
Error (m) groups
Trilateration | 1.963 | 1.980 2.146
Fingerprinting | 1.401 | 1.275 1.702
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Table 4 gives an overview of the performances obtained with
the same positioning system with different techniques.
Fingerprinting allows a gain of 0.71m with the same Wi-Fi
measurements used with trilateration.

VI. CONCLUSION

In this paper, Wi-Fi based indoor positioning system for
hospitalsisintroduced. First, our system was designed based
on ESP8266 modules and a two-layer architecture of the
positioning network, the server monitoring and database
management. Fingerprinting algorithmis used to position and
help build the positioning map to efficiently manage the
medical personnel and equipment. Finally, experiments were
conducted to verify our proposed system feasibility. Such a
Wi-Fi indoor positioning system is of great importance, not
only for hospitals, as it can save manpower and time for
patient and material resources for hospital specialy in
emergency cases.

VIl. PERSPECTIVES

Besides accuracy, our future works will focus on the
congtruction of a dynamic database that will be maintained
without human interference.
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