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Abstract. The trend of Internet of Things (IoT) and wireless network
techniques have resulted in a promising paradigm, and a more rational
and intelligent elevator control system shall be considered. Many previous
works are devoted to improving traffic congestion capability to increase
time efficiency. However, these approaches confront the limitations of
destination perception in advance or there is a steady stream of persons
coming to wait the elevator that may increase the uncertainty of sensing
the traffic load, since the user interface is still around elevator car. In
this paper, an improved elevator system is proposed with remote calling
and cloud scheduling based on low power wireless networks. It enables
users to call the elevator remotely through portable devices, solves the
problem of elevator invalid stop, reduces system energy consumption,
and improves the service life of the elevator. It can match the running
state of the elevator with the multi-user call request, shorten the time
for users to take the elevator, and improve the comprehensive operation
efficiency of the elevator.

Keywords: Elevator scheduling - Low-power wide-area network -
Narrow Band Internet of Things - Elevator networking

1 Introduction

With the development of the information society, the connection objects of the
network gradually expand from the connection between persons to the connec-
tion among people and things [1]. At the same time, the number of node con-
nections in the network will also exceed 100 billion scale, and the information
society has also moved from the Internet at the beginning of its birth to the era
of IoT, which extends the way of network connection and data exchange, from
consumer wearable devices to industrial production devices [3,5,14,17]. These
terminals can sense environmental information, be controlled remotely, make
decisions and take actions. Therefore, IoT technology plays an important role in
the development of intelligent information society towards a higher level.
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The expected explosive growth of IoT nodes depends on the evolving wireless
communication technology, network infrastructure scale, terminal chip equip-
ment and data and computing center. In recent years, in order to better support
the network access of IoT nodes and meet the needs of IoT comprehensive appli-
cation, IoT wireless access technology also presents the development trend of a
hundred flowers and a hundred schools of thought. For example, in the field of
authorized spectrum, based on the fourth generation cellular mobile communi-
cation (4G) technology, the enhanced Machine Type Communications (eMTC)
supporting voice communication and Narrow Band Internet of things (NB-IoT)
with low-power access technology and tiny packet data reporting service are
developed [11,19]. In the field of unauthorized spectrum, the wireless access
technologies such as WiFi, Bluetooth, ZigBee and Lora have also been widely
deployed to meet the business requirements of different individuals and enter-
prises for node power consumption, coverage distance and transmission rate.
However, because the Cellular Internet of things (CIoT) uses the authorized
spectrum and is deployed by the operators on a large scale, it has better anti-
interference and wide area coverage continuity, which can save the deployment
cost of the user network, reduce the node access cost and guarantee the Quality
of Service (QoS) [21].

Therefore, the trend of IoT and wireless network techniques have resulted in a
promising paradigm, and a more rational and intelligent elevator control system
could be considered [6,12,15]. By the end of 2016, there were more than 15
million elevators running in various buildings around the world, with billions of
people taking elevators every day. Huawei expects 70% of the world’s population
to live in cities by 2050. In the next 20 years, there will be about 3 billion
people entering the city [2,6,7,16]. After so many people enter the city, the
limited space of the city will certainly promote the construction of high buildings,
and the elevator will become more and more important. At present, China is
probably the largest country in the world to carry out urbanization. At the
beginning of 2015, a third-party report showed that in 2014, the proportion of
new elevators in the global market in China was more than 68%, which means
68 of the new 100 elevators were installed in China. Obviously, it is necessary to
deploy multi car elevator system with an intelligent scheduling to improve the
transportation efficiency of large buildings with hyper dense people. However,
due to the instantaneous increase of traffic load and the limitation of elevator
car capacity, the elevator system is still faced with serious traffic congestion
bottleneck in peak hours [5,14].

A lot of previous works are devoted to improve traffic congestion capability
to increase time efficiency. In [4,9,20], it is an optimization of elevator scheduling
that focuses on the stand-alone central controller for peak hours, while lacking
the solution of sensing the external environment of elevator. In [10,18], multi-
functional sensors were equipped at the floors for mainly detecting the passenger
inside and outside the elevator car. However, these approaches confront the lim-
itations of destination perception in advance. Therefore, proactively computing
on the fine-grained traffic load information by the elevator system from each
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floor was proposed in [6,8]. This smart elevator system is to integrate traffic load
by dynamically managing user interface and providing intelligent suggestions to
guide passengers ride to other adjacent floors for time saving and physical health
consideration. However, there is a steady stream of persons coming to wait the
elevator that may increase the uncertainty of sensing the traffic load, since the
user interface is still around elevator car.

In this paper, an improved elevator system is proposed with remote calling
and cloud scheduling based on low power wireless networks. This work adopts
remote call by the general portable equipment, which not only reduces the man-
agement cost, but also solves the problem of inaccurate identification of the num-
ber of incoming persons. The elevator dispatching center in the cloud receives
the call data of users and the running state of the elevator at the same time,
and judges the full load through multi factors. The design reduces the number
of ineffective elevator door opening and closing, while improving the running
efficiency of the elevator. The user call data and elevator data are presented on
the web through the visual interface, which can give the maintenance personnel
a more comprehensive and intuitive elevator operation health state, making the
elevator maintenance become more active, rather than passive maintenance after
failure or accident.

2 System Model

The novel elevator system is based on the layered concept of IoT including the
perceptual recognition layer, network construction layer, cloud computing layer
and application layer, which stands for smart elevators, the floor identification
and related information transmission, the elevator scheduling center and the user
interface, respectively.

In the layered concept of IoT, the perceptual recognition layer is a link
between the physical world and the information world, so the smart elevators can
report the running status and receive the instructions via wireless networks from
the cloud. The network construction layer is a pipeline to exchange the infor-
mation between the physical elevator and the remote control system. Meantime,
with the support of high-performance computing and mass storage technology,
the cloud computing layer organizes large-scale data efficiently and reliably, and
provides intelligent scheduling for elevator applications.

The application layer is an integrated service provider and instructions col-
lector. Thus, the unified interface of human-computer interaction is adopted in
this paper, which is a cross platform architecture ranging from the web browser
to the mobile mini program.

3 Design of Intelligent Elevator System

As it is shown in Fig.2, users utilize the portable devices to detect the cor-
responding wireless identification signals of their particular floors, and send
the messages including the present floor information, call requests and target
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Fig. 1. The novel elevator system architecture based on the layered concept of IoT.
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Fig. 2. The whole work flow of the intelligent elevator system.
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floor information to the elevator remote dispatching system. Then the elevator
remote dispatching system obtains the elevator stop oor information through
the load evaluation and similarity matching method. In the meanwhile, the stop
oor instruction is sent to the elevator local control system. The local control sys-
tem controls the elevator to the corresponding oor according to the instructions

(Fig.1).

3.1 Application Layer

As it is shown in Fig. 3, users utilize a WeChat applet to realize the remote call
to the elevator. After the WeChat applet, via Bluetooth, obtains the user’ floor
information and get connected with the server, the user could select the target
floor on it. Then the WeChat applet sends the obtained data, namely the user’s
present and target floor information, to the cloud platform, where the user’s
request data and the running status of the elevator are monitored in the real
time.

|
Socket Beacons ; .
Start > | Websocket Curent iBeacon
connect scan Floor
|
l |
Data
| Target
¢ Floor
|
Select . .
End |« Call floor |« target floor ' Server Picker-view
|
|
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Fig. 3. The user interface design of the mobile mini program.

3.2 Perceptual Recognition Layer

The serial port instruction from the microchip unit is used to control the NB
module to receive data. The operation process of the elevator is simulated on
the single chip microcomputer, and the corresponding data is displayed on the
Organic Light-Emitting Diode (OLED) screen. Meanwhile, the real-time oper-
ation data of the elevator is uploaded, by the NB-IoT module, to the cloud
platform, where the latest call data is downloaded. The specific process of sim-
ulated elevator operation is as follows. When a user has hall request, judge the
position of the elevator relative to the user, thus it is concluded that the direc-
tion of the elevator. The elevator operates to the user’s floor. After opening and
closing the door, the user is successfully received. Then, judge the current posi-
tion of the elevator relative to the user’s target floor, thus it is concluded that
the direction of the elevator. The elevator operates to the user’s target floor,
that is, the user successfully reaches the destination.
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3.3 Network Construction Layer

iBeacon is a low-power Bluetooth technology. The iBeacon device transmits sig-
nals, and the portable device of the user receive and freeback signals. There are
four main data of iBeacon: Universal Unique Identifier (UUID), Major, Minor
and Measured Power. UUID can create a new identifier for the new service. If the
service provider can match the available service with this UUID, it will return
a response. NB-IoT is a new technology in the field of IoT, which supports cel-
lular data connection of low-power devices in Wide Area Network (WAN) so
that NB-IoT is also known as low-power WAN. Compared with wired or cellular
data transmission, NB-IoT has the advantages of low power consumption and
easy installation, which is more suitable for the real-time monitoring of eleva-
tors. Compared with 4G, NB-IoT can also satisfy a large number of connections.
When the iBeacon device transmits signals, the software of the client confirms
the UUID of the iBeacon device at first. After the confirmation, the floor infor-
mation is identified by the major value in the signal and the current floor is
indirectly judged by the Received Signal Strength Indication (RSSI) value. And
then the floor information is sent to the cloud server through the websocket
API. NB-IoT is responsible for data communication between STM32 and cloud
server.

3.4 Cloud Computing Layer

The cloud platform has three main functions: real-time elevator monitoring,
remote elevator request and scheduling optimization. First, the cloud plat-
form receives the information about the elevator location, operation status
and the status of the other sensors through UDP protocol and stores them
in the database. The elevator operation database Elevatordata contains the
fields such as ElevatorFloorElevatorStateElevatorSpeedNumber_of _People, etc.
The web interface reads the data in the database and presents the correspond-
ing data of the elevator in a visual form. Second, the cloud platform obtains
the users’ call data including the users’ present and target floor through web-
socket protocol, receives the elevator data through UDP protocol and stores
the user data and the elevator data into the database. The user call database
contains the fields UserFloorTargetFloorProcessedinElevator. Then, the follow-
ing full load algorithm is used to judge whether the elevator is full. The fuzzy
clustering algorithm is used to calculate the scheduling scheme. And finally the
dispatching result and full load signal are sent to the elevator.

Scheduling of Elevators. The elevators scheduling procedure is shown as
below in Algorithm 1. EFULL,LOAD,CONDITION stands for the full load condi-
tion of the elevator, n stands for the current number of people in the elevator,
Eyser Num_THD represents the number of people judging the elevator to be
full, X stands for the number of invalid stop of the elevator, and m is the num-
ber of people in the elevator after it was last opened or closed. This algorithm
can solve the problem of invalid stop of elevator floor. When the elevator is full
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Algorithm 1. Elevators scheduling procedure
while TRUE do
if £, < Eyser.Num_raD then
if E,, is equal to F, then
Ex=Fx+1
if Ex > Ernvarip_stop.rap then

Ex=0,ErurrL.LoAD.cONDITION = 1
else

Fruri.roap.conprrion =0
end if
else

Ex=0,E.=FE,,ErurL.Loap.conpirion =0
end if
else

Frurr.roap.conpirion =1
end if
end while

but not exceeding the predetermined threshold, it will not stop the elevator floor
by floor but not able to carry more people, resulting in the waste of power and
time.

Fuzzy Clustering of the Elevator Callings. In the scene of the elevator
calling by various users, it is necessary for the central control to coordinate the
concurrent user callings in order to provide more services. In this paper, a fuzzy
clustering based method is adopted to achieve it. As illustrated in [13], clustering
is the classification of similar objects into different groups, or more precisely, the
partitioning of a data set into clusters, so that the data in each subset share some
common trait, often proximity according to some defined distance measure.

In this paper, the input matrix to be fuzzy clustering is FElevator;

(i=1,2,...,n) which represents for attribute aggregation about all users
requesting for elevators FE;. It is defined as
Uy Ci D1'Th
Us Cy Dy Tj
Elevator; = U, | = | C,, D, T, (1)
Ey Ey Ey Ey
E, E, E, E

where U represents for the elevator calling by users, C' represents for the floor
that the user locates, D represents for the relative location with the elevator,
T is the user target floor, n represents all users waiting for the elevator, and [
stands for the number of the elevators.

After the data source is formed, it comes to the core of the decision-making
algorithm which is fuzzy clustering. The matrix Elevator is fuzzy similar but it
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maybe not fuzzy equivalent. For the classification of similar objects into different
groups, it is necessary to make Elevator convert to Elevator®. As Elevator
is fuzzy similar, it exists minimum k (k <n,k € N) to make ¢ (Elevator) =
Elevator”. Meantime, for all I (I <,l € N), there definitely takes the equation
form Elevator’ = Elevator” so that t (Elevator) is fuzzy equivalent matrix
Elevator™.

4 System Evaluation
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!
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Fig. 4. The real intelligent elevator system.

At present, the elevator protocol is not open to the public, so the operation
process of the elevator is simulated on the single chip microcomputer. STM32 is
adopted not only because of its high performance and low power consumption
but also because of its fast running speed, rich interface and rich communication
modules (Fig. 4).

The specific operation process is as follows. Users select the target floor by
utilizing the Wechat applet in the portable device, mobile phones, for instance.
Then the background process of the applet scans the Bluetooth broadcast sig-
nal at the elevator waiting area. The users’ floor location are identified by the
characteristic value and RSSI signal strength, and the users’ present and target
floor information is sent to the elevator remote dispatching system. Then the call
elevator data is stored in the database. The server sends the new user request,
including the target floor and the user’s floor data to the simulated elevator con-
trol terminal STM32 and sends the elevator floor and the running status of the
elevator to the server. The Grafana monitoring platform displays the running
status of the elevator and the user’s call request in the real time.
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5 Conclusion

Through the low power wireless networks including the NB-IoT and Bluetooth
iBeacon technology, an intelligent elevator system is proposed with remote calling
and cloud scheduling in this paper. The remote elevator calling is presented for
the general portable equipment, which not only reduces the management cost,
but also solves the problem of inaccurate identification of the number of incoming
persons. The elevator dispatching center in the cloud receives the call data of
users and the running state of the elevator at the same time, and judges the
full load through multi factors. The design reduces the number of ineffective
elevator door opening and closing, while improving the running efficiency of
the elevator. The user call data and elevator data are presented on the web
through the visual interface, which can give the maintenance personnel a more
comprehensive and intuitive elevator operation health state, making the elevator
maintenance become more active, rather than passive maintenance after failure
or accident. The elevator entity that installed the proposed system will be tested
for future work.
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