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Abstract - At In most meeting room scheduling or
management system, the availability of meeting rooms are
mainly based on pre-determined schedules. However, since
the meeting duration is not always exact as it is scheduled,
there are some situations that a meeting room is underutilized.
Therefore, in this paper, we present a smart meeting room
scheduling and management system which detect occupancy
status of meeting rooms in real- time and integrate this
information into the scheduling application to support ad-hoc
meetings and increase room utilization. Our system is a
simple, ease-of-implementation solution based on PIR sensor
fusion devices and Ethernet connectivity. Occupancy data is
sent to a central application server by UDP over IP protocols.
On this server, a web application is developed and hosted to
not only allow people book rooms for their meetings, but also
check the utilization of these rooms based on predefined
policies. The system also supports ad- hoc meetings by
providing real-time availability of meeting rooms to users.
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1. INTRODUCTION

Meetings are indispensable events in every organization
where people can simply share knowledge and information or
discuss for important decisions. To facilitate those activities,
most of researches concentrate on improving scheduling
software to help participant’s select optimal meeting time [1]
[2] or building smart meeting rooms where audio—visual
content are automatically recorded for future viewing [3] [4]
[5]. There are very limited number of systems that can manage
meeting rooms in term of real-time availability and utilization.
This study is aimed to target this area and address existing
issues.

First of all, since a meeting room can only be reserved for a
meeting appointment at a time, there are some circumstances
that those resources are underutilized [6]. For example, a
meeting may be over before scheduled time or even not happen
at all but still reserves a room in scheduling software and
prevent others from using. In addition, conventional meeting
scheduling/booking software cannot support ad-hoc/ drop-in
meetings because the real-time availability of meeting rooms
are unavailable. For this type of meetings, people may take a
lot of time to find an unoccupied room to use, especially when
these rooms are located in different buildings. To resolve these
problems above, in this paper, we propose a smart meeting
room management and scheduling system with real-time

occupancy detection to support ad-hoc meetings and maximize
utilization.

Most related work is presented in [6]. However, this system
has many limitations:

The occupancy detection module must use both PIR
sensor and microphone to detect attendee presence

The setup is too costly and complex to implement. In
each building, wireless sensors are connected as a mesh
network with many coordinator and gateway devices before
connecting to a PC. Then this PC must process raw data and
send them to a central application server through local area
network (LAN).

The occupancy status is not integrated into the
booking/ scheduling application, which is simply Microsoft
Outlook software in this project. As a result, the system cannot
support ad-hoc meetings. Furthermore, the system is mainly
based on manual actions to resolve underutilization. If a
scheduled meeting does not take place, the organizer is alerted
with an SMS and he/ she must manually cancel the reservation
in the Outlook to free the room for other meeting requests.

Another related system is described in [7]. However, in this
system, occupancy information is used in HVAC systems to
control energy consumption rather than for meeting purposes.
Furthermore, this system is also based on wireless sensor
devices which require many local base stations to transmit data
and bring up concerns relating to radio signal interference.

Our system is an integrated and ease-of-implementation
solution. We use PIR sensor fusion devices for occupancy
detection instead of single PIR sensors to get desirable
detection range with cost efficiency. Especially, these PIR
devices could be simply mounted on the ceiling of meeting
rooms without large-scale modifications in existing buildings.
Moreover, in our system, we use embedded modules to
connect the PIR sensor devices directly to LAN through
existing Ethernet cable rather than through a complex wireless
network. Occupancy data is transmitted to a central application
server by UDP over IP protocols. On that central server, the
real-time occupancy data in integrated into a meeting
scheduling application to control utilization. The system also
supports ad-hoc meetings by providing real-time availability of
meeting rooms to users.

2. OCCUPANCY DETECTION

Fig. To realize the occupancy in real-time, many methods
have been proposed. In a smart meeting room system, called
Easy Meeting, researchers at the University of Maryland detect
human presence through Bluetooth-enabled devices [5]. Each
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participant must have or be given a mobile device and asked to
active the Bluetooth connection when arrives. Although this
solution is appropriate to manage all participants, it is not
realistic. If the system provides all Bluetooth devices for
meeting participants, then the cost of this can become very
expensive for a large number of participants. Otherwise, it is
very inconvenient that attendees must bring a mobile device
and activate Bluetooth connection before attending the
meeting.

Most advanced systems use cameras and image processing
techniques [8] [9] [10] [11] to detect human presence.
However, this method has many drawbacks in concern of cost,
deployment and privacy. Some other systems use ultrasonic
sensors [12], however it is not a suitable solution for in-room
presence detection. Ultrasonic sensor can only detect the
human presence when people block the ultrasonic transmission
line. Thus, each ultrasonic sensor module includes a
transmitter and a receiver and in order to apply for a wide area,
multiple sensor modules must be used together, which results
in high cost and complex installation. A CO2-based solution
was also examined [13] but it requires long processing time.

The most applicable solution for in-room occupancy
detection is passive infrared sensor (PIR). PIR devices detect
human presence by sensing the change in infrared heat
radiation emitted from the human body. Detection system
based on PIR sensors is very popular as being low cost, low
power consumption and ease of installation [14] [15] [16]

[17] [18] . However, using merely a PIR sensor component
is not effective as its detection range is very short. Most of the
system above use multiple PIR sensors to enlarge sensing
region. In our system, we use PIR fusion modules to resolve
the issue. Each module is the combination of three or four PIR
sensors. Because our main objective is not building a sensor
fusion system, we choose to use off-the-shelf SLSCPS1000
PIR product from Schneider Electric. Its detection range is a
cone whose height is about 2.7 m and base diameter is nearly

9.7 m (Figure 1)
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Figure 1: Occupancy detection range [19]

3. COMMUNICATION LINK

A. System overview

This system is a combination of both software and
hardware components (Figure 2). In each meeting room, there
will be a PIR sensor device mounted on the ceiling and an
embedded module connected to Ethernet cable. The PIR sensor
module is used to detect human presence in the room or in
other words, whether people are using this room or not. Then,
the signal from sensors will be connected to the embedded

module, which contains a microprocessor with Ethernet
connectivity. Those embedded modules will send the
occupancy status over local area network to a local server via
UDP protocols.

On this local server, a scheduling and management web
application is developed and hosted to manage the whole
system. Meeting organizers can use this application to book
rooms for their meetings. However, unlike conventional
meeting scheduling software, this application also manage
real- time availability and utilization of these meeting rooms.
To elaborate, based on the meeting schedule and real-time
occupancy, whenever the application detects an
underutilization case, it will automatically send out notification
emails to meeting bookers and then may remove the
corresponding room reservation from the system if the
underutilization is not resolved. There are some circumstances
that a meeting room may be underutilized since the duration
that it is occupied is sometimes not exact as it is booked. For
instance, a meeting may take place shorter than expected and
still reserves a room in the scheduling system when it is over.
The detailed policies in which how an underutilization is
defined and how the system react is discussed in section D.

Together with utilization control, the system also supports ad-
hoc meetings. The real-time occupancy status of meeting
rooms is made available to users via the scheduling
application. Therefore, via this application, people can easily
find out an available room to drop in and occupy for their
prompt meetings.

Meeting Room

PIR Sensor
A~

[ ‘FLUJ

| module

Meeting Room

Figure 2: System overview

B. Sensor installation

In each meeting room, the PIR sensor fusion device is mounted
on the ceiling at an effective height of about 2.7 m as in Figure
3. As mentioned early, it can cover a room with up to nearly 10
m in diameter, which is suitable for most of normal- sized
meeting rooms.

Figure 3: Sensor installation (adapted from [20])

© 2021, IJSREM  |www.ijsrem.com

| Page 2


http://www.ijsrem.com/

gl\%

IJSRE

- 7 INternational Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 05 Issue: 07 | July - 2021

SR

ISSN: 2582-3930

C. Data transmission over Ethernet

A room management system must be real-time data
acquisition and processing system. Among customary
approaches, a solution based on embedded devices is the most
suitable due to its low cost, reliability and ease of installation.
Therefore, embedded programming modules are used in our
system as the data acquisition and processing unit. In detail,
STM32F107VC microcontrollers are used to process signals
from PIR devices and send the room status to scheduling
application through local area network.

Generally, in meeting rooms, Ethernet cables are usually
available for network connection. Therefore, instead of
developing a complex wireless system, which usually suffer
from complexity and cost, we install the PIR modules on the
ceiling of rooms and then connect them directly to local area
network through existing Ethernet ports.

In detail, to transmit data on the Ethernet link, we use
DP83848C PHY (Figure 4) and open-source LWIP TCP/IP
stack. LWIP provides all necessary functions and APIs for
TCP/IP protocols, such as IP, ICMP, UDP, TCP, IGMP, ARP
and can run independently without operating system. In our
system, we use UDP over IP to transmit occupancy status to
the scheduling server. All of the microcontrollers are UDP
clients while the server with scheduling software is a UDP
server.

3
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Figure 4: Ethernet connection [21]

Generally, in the transportation layer, there are two types of
protocols: TCP and UDP. Both of them can carry data from
programs to programs which are identified within hosts by port
numbers (end-to-end transport protocols) [22]. However,
compared to TCP, UDP protocol is more suitable for this
project. UDP is simply an extension of the best-effort datagram
service [22]. By using UDP, the microcontroller can send data
to the scheduling server without prior communication to set up
data paths. In addition, in terms of message size, UDP message
is quite small. In this project, for simplicity, occupancy status
will be sent continuously from the microcontroller, thus the
small size of data is required to avoid overload on network
traffic. Therefore, UDP is the suitable solution for
communication through Ethernet network.

In detail, the network communication is based on socket
programming techniques (Figure 5). A socket is an interface
which application processes can send and receive messages
to/from another application process [23]. A socket enables
applications to communicate with others in the same network.
“Information written to the socket by an application on one
machine can be read by an application on a different machine
and vice versa” [22]. With UDP, sockets do not require to be

connected before being used. It means that microcontrollers
and the scheduling application on the local server do not have
to establish a connection before sending and receiving data. In
our system, all microcontrollers use dynamic IP address while
the scheduling server has a static IP address. Therefore, the
microcontrollers can continuously send room status to the
scheduling server with predefined IP and UDP socket port.

Applications Applications

== Socket References

== Sockets bound to ports

65535 UDP ports

Figure 5: Network communication via UDP/TCP sockets [22]

In details of message frame, besides UDP header, we only
use 16 bits to encode room ID and status. The detailed data
frame is given in Figure 6. In the application data field, both
Room ID and Room status are one byte ASCII encoded. Room
ID is one character from “A” to ‘“Z”, whereas Room Status is
“0” (free) or “1” (occupied). For example, if data is 0x4131 in
hexadecimal or “Al” in ASCII code, it means that the status of
the room A is free (no one in this room). In the scheduling
software, a lookup table is built to convert room name (in
ASCII code) to real room name, for instance, room “A” is This
is more compressed than Binary coded decimal

Source Port (16 bits) Destination Port (16 bits)

Length (16 bits) Checksum (16 bits)
Room ID ' Room Status
(8 bits) (8 bits) Reserve

Figure 6: UDP message

D. User policy

The occupancy status itself does not indicate the meeting
status. An unoccupied room doesn’t mean that the meeting is
canceled or ended. For example, attendees may come late and
thus let the room empty for early minutes, but the meeting still
happens later. Similarly, although the meeting is not ended, all
people may leave the room for a break. Therefore, it is
necessary to create a mechanism to link between occupancy
status and meeting status. In particular, this mechanism is
implemented as policies for users on how they should use a
room that they reserve for their meeting. There are two policies
for occupancy of booked rooms: initial occupancy and
continuous occupancy

1) Initial occupancy

If people do not occupy the room in first 15 minutes of the
meetings, an email will be sent to the meeting organizer to
remind. If he/she wants to delay the meeting, he/she can
reschedule it in the scheduling application. Otherwise, in the
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next 10 minutes, if the room is still left empty, then the
meeting reservation will be canceled and removed from
scheduling application. An administrative penalty may be
applied.

2)  Continuous occupancy

Unless the meeting organizer specifies a break time with
longer duration, if the meeting room is left unoccupied in 20
minutes, a notification email will be sent to the meeting
organizer. He/she may access to the scheduling application to
specify that the meeting is in break time with particular
duration, or he/she can remove the meeting from the
scheduling application if it is already over. Otherwise, in the
next 10 minutes, if the room is still unoccupied, the meeting is
assumed to be ended. Then, the corresponding room will be
freed for other meeting requests. Of course, another email will
be sent to the meeting organizer to notify this change.

E.  Scheduling application

The scheduling software is developed as a responsive web
application on the local server. It can be accessed from
smartphones, tablets and PCs. Like other conventional
scheduling software, meeting organizers can use this
application to schedule their meetings. However, as discussed
above, this application also manage meeting rooms in terms of
real-time availability and utilization based on the meeting
schedule and real-time occupancy status from PIR sensor
devices.

The scheduling application uses a database to store all
meeting requests. Each booking entry has a room number,
room booker, start time and end time as shown in Table L

Table I: Database fields
Database Field

Room number | =

Description

Number of the booking room or
name of the room.

*  Format: VARCHAR (maximum 45
characters)

=  Example: 1.3.45 or Yarrow

Roombooker | = Name or ID of booker

* Format : VARCHAR (maximum 45
characters)

*=  Example: John Smith or s3369856

Start time ]

Start time the booking session
»  Format: TIME (hour:minute:second)
=  Example: 14:30:00

End time *  End time of the booking session
*»  Format: TIME (hour:minute:second)

=  Example: 16:30:00

From the booking database, the scheduling application will
check the occupancy status of all reserved rooms in two
policies: initial occupancy and continuous occupancy, as
mentioned early. The detailed algorithm is shown in Figure 7.
Whenever a scheduled meeting violates these policies, this
application will automatically send emails with a predefined

template to meeting organizers. Further actions of the
application are already declared in detail in section D.
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Figure 7: Software flowchart of utilization check

F.  Ad-hoc meetings

Ad-hoc meetings are usually taken place with few participants
when small groups drop in a room to discuss. Therefore, in our
system, we reserve some small rooms only for ad-hoc
meetings. The occupancy status of these rooms is checked in
real-time with PIR sensor devices and shown on the meeting
scheduling application. Therefore, through the web
application, people can easily find out an available room for
their drop-in meetings.

4. SYSTEM EVALUATION

The Several tests were carefully performed to test the
system.

Those tests are described below.
1)  Sensor test

Purpose: As one of the most important components, the
main duty of the PIR sensor devices is to detect human
presence. This test is to check the accuracy of these devices.

Test setup: In this test, the PIR sensor devices are only
connected to embedded microprocessors. The microprocessors
either turn on/ off LEDs to indicate whether the sensor devices
detect human presence or not.

Test result: The PIR sensor fusion devices provide accurate
occupancy status of the rooms. When a person walks into a
room and when all people leave the room, the PIR sensor
device changes the output level after a small delay time.

2) Network test

Purpose: This test is used to check the data transmission
over Ethernet protocols between embedded microprocessors
and scheduling application on the local server.

Test setup: the scheduling application is installed on a local
server with static IP address, whereas the microprocessors use
dynamic IP addresses. We connect multiple microprocessors to
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the local area network at the same time to continuously send
occupancy data to scheduling application every minute through
UDP over IP protocols.

Test result: on the scheduling application, the occupancy
status was correctly extracted from received UDP packets.

3)  System test

Purpose: This test is aimed to evaluate the whole system.
All functions are tested together, such as, occupancy detection,
meeting booking and email APL

Test setup: a whole system with both hardware (PIR sensor
devices, embedded modules, local web server) and software
(scheduling application).

Test result: the system work correctly as expected. All
booking requests via the web application are stored in the
database. Whenever a reserved room is underutilized, emails
are successfully sent to bookers. For ad-hoc meeting purpose,
the occupancy status of all dedicated meetings rooms is
accurately displayed.

CONCLUSIONS

In this paper, we have presented the design and
implementation of a smart meeting room scheduling and
management system. This system does not only support room
booking but also manage those rooms in terms of real-time
occupancy. Therefore, it can be used to maximize utilization
as well as to support ad-hoc meetings. Based on PIR sensor
fusion devices, the system is cost-efficient and easy to
implement. In addition, unlike other wireless sensor network
based systems which often require many coordinators and
gateway devices, this system is a simple solution based on
Ethernet protocols.

REFERENCES

[1] O. Mussawar and K. Al-Wahedi, "Meeting scheduling using
agent based modeling and multiagent decision making," in
Innovative Computing Technology (INTECH), 2013 Third
International Conference on, 2013, pp. 252-257.

[2]T. Mishima, K. Takahashi, T. Kawamura, and K. Sugahara,
"Meeting Scheduling System using Unpleasant Notification," in
IT Convergence and Security (ICITCS), 2013 International
Conference on, 2013, pp. 1- 4.

[3]Z. Yu and Y. Nakamura, "Smart meeting systems: A survey of
state-of- the-art and open issues,” ACM Computing Surveys
(CSUR), vol. 42, p. 8, 2010.

[4] A. Ronzhin, A. Ronzhin, and V. Budkov, "Audiovisual speaker
localization in medium smart meeting room," in Information,
Communications and Signal Processing (ICICS) 2011 8th
International Conference on, 2011, pp. 1-5.

[SJH. Chen, F. Perich, D. Chakraborty, T. Finin, and A. Joshi,
"Intelligent agents meet semantic web in a smart meeting room,"
in Autonomous Agents and Multiagent Systems, 2004. AAMAS
2004. Proceedings of the Third International Joint Conference on,
2004, pp. 854-861.

[6] K. Padmanabh, V. Adi Malikarjuna, S. Sen, S. P. Katru, A.
Kumar, S. P. C, S. K. Vuppala, and S. Paul, "iSense: a wireless
sensor network based conference room management system,"
presented at the Proceedings of the First ACM Workshop on
Embedded Sensing Systems for Energy- Efficiency in Buildings,
Berkeley, California, 2009.

[71Y. Agarwal, B. Balaji, R. Gupta, J. Lyles, M. Wei, and T. Weng,
"Occupancy-driven energy management for smart building
automation,” in Proceedings of the 2nd ACM Workshop on
Embedded Sensing Systems for Energy-Efficiency in Building,
2010, pp. 1-6.

[8] T. Teixeira and A. Savvides, "Lightweight people counting and
localizing for easily deployable indoors wsns," Selected Topics in
Signal Processing, IEEE Journal of, vol. 2, pp. 493-502, 2008.

[9] V. L. Erickson, Y. Lin, A. Kamthe, R. Brahme, A. Surana, A. E.
Cerpa,

M. D. Sohn, and S. Narayanan, "Energy efficient building
environment control strategies using real-time occupancy
measurements,” in Proceedings of the First ACM Workshop on
Embedded Sensing Systems for Energy-Efficiency in Buildings,
2009, pp. 19-24.

[10] Y. Qing, "A robust method for counting people in complex
indoor spaces," in Education Technology and Computer (ICETC),
2010 2nd International Conference on, 2010, pp. V2-450-V2-454.

[11] S. Challa, K. Aboura, K. Ravikanth, and S. Deshpande,
"Estimating the Number of People in Buildings Using Visual
Information,” in Information, Decision and Control, 2007. IDC
'07, 2007, pp. 124-129.

[12] Y.-W. Bai, L.-S. Shen, and Z.-H. Li, "Design and
implementation of an embedded home surveillance system by use
of multiple ultrasonic sensors," Consumer Electronics, IEEE
Transactions on, vol. 56, pp. 119-124, 2010.

[13] S. Wang and X. Jin, "Co 2-based occupancy detection for on-
line outdoor air flow control," Indoor and Built Environment, vol.
7, pp- 165-181, 1998.

[14] M. Kanamaru, H. Kawai, H. Kobayashi, J. Tatsuno, H.
Mochiyama, and

N. Kobayashi, "Networked cellular motion detection system by using
pyroelectric infrared sensor for surveillance," in IECON 2010 -
36th Annual Conference on IEEE Industrial Electronics Society,
2010, pp. 2857-2862.

[15] P. Zappi, E. Farella, and L. Benini, "Tracking Motion Direction
and Distance With Pyroelectric IR Sensors," Sensors Journal,
IEEE, vol. 10, pp. 1486-1494, 2010.

[16] L. Xiaomu, S. Baihua, G. Xuemei, L. Guocai, and W. Guoli,
"Human tracking using ceiling pyroelectric infrared sensors," in
Control and Automation, 2009. ICCA 2009. IEEE International
Conference on, 2009, pp. 1716-1721.

[17] H. Qi, H. Fei, and L. Jiang, "Distributed multiple human
tracking with wireless binary pyroelectric infrared (PIR) sensor
networks," in Sensors, 2010 IEEE, 2010, pp. 946-950.

[18] S. Byunghun, C. Haksoo, and L. Hyung Su, "Surveillance
Tracking System Using Passive Infrared Motion Sensors in
Wireless Sensor Network," in Information Networking, 2008.
ICOIN 2008. International Conference on, 2008, pp. 1-5.

[19] "Ceiling-mounted PIR Occupancy Sensor SLSCPS1000,"
Schneider Electric 2010.

[20] "ARGUS Presence Slave, Operating instructions,” Schneider
Electric

[21] "DP83848C PHYTER Commercial Temperature Single Port
10/100 Mb/s Ethernet," National Semiconductor Corporation
2008.

[22] K. L. Calvert and M. J. Donahoo, TCP/IP Sockets in Java -
Practical Guide for Programmers, 2nd ed.: Elsevier, 2008.

[23] E. K. Centikaya and J. P. G. Sterbenz. (2011). Introduction to
Socket Programming [Commuication Networks Laboratory].

© 2021, IJSREM  |www.ijsrem.com

| Page 5


http://www.ijsrem.com/

