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Building Systems to Enhance Value for People, Cities, and Society

FI-700 Elevator Management System
Featuring Human Flow Prediction for
Comfort of Travel Inside Buildings

While elevators and escalators have in the past been treated as standalone items of
equipment, the requirement in the future will be for solutions that ease the movement
of people from building entrance all the way to the desk where they work. Having tar-
geted its Human Friendly development concept for elevator and escalator products
and services, Hitachi’s objective is to enable people to get to where they need to go
without having to think about it. The FI-700 elevator management system with human
flow prediction developed on the basis of this concept helps add value to buildings,
improving user satisfaction through human-friendly operation.
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1. Introduction

FI-700 is a next-generation elevator management system
featuring human flow prediction that was developed with
the aim of “providing ways to move around buildings in
comfort that blend seamlessly into people’s activities.”

It uses artificial intelligence (AI) to analyze large
amounts of historic data on things like passenger numbers
and when elevators are called from each floor at different
times of the day, using this to achieve efficient operation by,
for example, predicting elevator user numbers and prioritiz-
ing the allocation of cars to floors where large numbers of
people are likely to be waiting.

'The system offers a variety of operating modes to provide
building users with a comfortable environment for moving
around. These include an automatic calling mode that sends

cars to the ground floor where user numbers are likely to
be high at times such as the morning rush and a mode for
bypassing floors where an elevator has been requested if
the car is already close to being full (determined by means
such as an in-car camera). It also helps add value to build-
ings by exchanging data with other on-site systems, such as
utilizing foot traffic data from sources such as surveillance
cameras to make movement in the building more comfort-
able. This article describes the features and functions of the

FI-700 system.

2. FI-700 Features

Hitachi is shifting away from its past focus on elevator
cars and their efficiency of operation, focusing instead on
“human flow,” which aims to smooth the movement of

people through buildings (see Figure 1).



Figure 1 —Features of FI-700 Human Flow Predicting Elevator Management System

Hitachi elevators are shifting away from their past emphasis on elevator cars and their efficiency of operation, focusing instead on “human flow,” which

aims to smooth the movement of people through buildings.

3=
—
-
{m
Bl
ol
=
.
f-
pry
—
—
P
e
wE
»
it
Py
e

==

=
\

=

=i
=il
=i

=]
I
]
—]

=l
e

=
=

el
Y
1=
=

I |l T”\“ M [Tk ol [T

I Il T”m\‘\lm e pik ¢ (10

—10 - 0 0 0 —0 10 0
Tk Ae 1Ry Mgy gy ﬁ 9,\1%.4 ﬂ/b T,emﬁm

Mobility inside building based on elevator cars

Mobility inside building based on human flow

'The FI-700 system is intended to “provide ways to move
around buildings in comfort that blend seamlessly into
people’s activities,” which it does by making this human
flow both smart and connected (see Figure 2).

(1) Human flow

A predictive control technique is used to maintain a free
flow of people through the building by dispatching eleva-
tor cars pre-emptively in anticipation of where building
users want to go. That is, it aims to control the operation of
elevators in a way that anticipates the unconscious act of
pressing the elevator button.

(2) Connect

By interconnecting with other building systems at the
customer’s site and anticipating traffic throughout the
building, the FI-700 system creates an environment for
building access that minimizes stress.

(3) Smart

A variety of operating modes are available to meet the

needs of users as well as of operational efficiency.

3. New Human-friendly Approach
to Elevator Management

Along with addressing the problem of long waiting times
during busy periods that is the top priority for elevator
operation, FI-700 also avoids stressing users during non-
busy periods by operating elevators on the basis of predicted
human flow.

3.1
Predictive Control

The top operational priority is to shorten waiting times and
prevent situations where people have to wait a long time
for an elevator. Hitachi has considerable experience with
the development of control algorithms aimed at overcom-
ing this problem.

With FI-700, the focus has shifted toward the use of
predictive control. This involves using historic data to pre-
dict when people will press the elevator button and how

Figure 2— Core Concept Behind FI-700
System

The FI-700 system is intended to “provide ways
to move around buildings in comfort that blend
seamlessly into people’s activities,” which it
does by making this human flow both smart
and connected.

Connect

Interfaces receive information
from external sources and output
operational information

A free flow of people through the building is maintained
by pre-emptively dispatching elevator cars based on

Smart

Smart operating modes meet
the needs of users as well as of
operational efficiency

Human Flow

human flow prediction
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1

Analyze historic logs to
determine ride times and
passenger numbers, their
requested floors, and how 2
many people get off at
each floor

3

Timing analysis enables
prediction of how the number
of users changes over time
This is assessed for fixed time
periods to provide an
optimal service

Analysis of this data reveals
when elevators are called
and how many people are

waiting

Figure 3—Human Flow Prediction Process

The system has succeeded in reducing average
waiting times by up to 20% compared to previ-
ous systems during busy periods such as lunch
breaks by using artificial intelligence (Al) to pre-
dict the number of elevator users (human flow)
on the basis of large amounts of historic data on
elevator operation.

4

Performing the above steps for
all floors enables building-wide
optimization by indicating how

people move through the
building as a whole

many people will be waiting, and providing elevator cars
accordingly. This minimizes the incidence of long waiting
times and reduces these times by up to 20%™ compared to
previous systems? (see Figure 3).

One example is that elevators in the past have been
slow to identify busy times, resulting in a delay in making
elevators available pre-emptively. In contrast, the FI-700
system uses human flow prediction to predict future usage
and provides elevator cars accordingly, thereby ensuring
that elevator availability matches actual use (see Figure 4).

*1 When controlling the operation of six 150-m/min elevators in a 15-story building.
*2 Relative to the FI-600 predictive group control elevator system announced in September

2005.

Along with the use of human flow predictions to improve
the efficiency of the elevator service, this also enables smart
elevator operation based on people’s behavior.

3.2
Smart Operation Using FI-700

FI-700 offers a variety of operating modes based on user
needs to provide smart building access, including modes
for bypassing floors when an elevator car is deemed to be
full, automatically calling elevators, and preventing conges-
tion (see Figure 5). By analyzing images from elevator hall
surveillance cameras and other such sources and supplying

Figure 4—Demand Prediction Through Application of Machine Learning to Elevator Operation Records

A machine learning method was adopted to overcome the problem of slow response to sudden changes in demand that was an issue with past demand
prediction methods that used load leveling. This predictive method is able to assess the volume of traffic, including times of particularly high or low
usage, by learning the patterns of changing demand from several months of elevator operation records and using this to create a predictive model for

user numbers.
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Figure 5— Smart Operation Using FI-700

FI-700 offers a variety of operating modes based
on user needs to provide smart building access,
including modes for bypassing floors when an
elevator car is deemed to be full, automatically
calling elevators, and preventing congestion.
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elevators with information about the number of people
waiting, these modes enable the elevator service to operate
in an optimal manner based on the movement of people
around the building.

The main smart operation features provided by FI-700
are as follows.
(1) Bypassing floors when elevator car deemed full

This mode addresses the user dissatisfaction that results
from elevators being slow to arrive during lunch and
other busy periods and from being unable to get on the
elevator when it does finally arrive because it is already full.
Whaiting times can be shortened by having those elevator
cars deemed nearly full travel directly to the ground floor
without stopping along the way, instead sending empty cars
to the bypassed floors.
(2) Automatic calling

'This mode automatically presses the button for calling
elevators on the floor where people arrive for work in the
morning. The FI-700 system uses Al to learn the patterns
of arrivals at the building and operates the elevators accord-
ingly. This can further reduce waiting times by utilizing the
results of analyzing camera images of the elevator hall and

controlling elevator operation based on the actual number
of people waiting.
(3) Prevention of congestion

'This mode addresses the user dissatisfaction that results
from being stuck in a slow-moving queue for the elevator
when arriving in the morning. When a situation is detected
in which the demand outstrips elevator capacity, this mode
reduces stress by providing elevators at fixed time intervals
so that queues advance in steady increments.
(4) Calling an elevator just as the door is closing

This mode addresses the user dissatisfaction that results
from someone pressing the button just as the door to an
elevator car is closing, causing it to open again. The annoy-
ance this causes is avoided by assigning a different elevator
car to the person who pressed the button.
(5) Prioritized assignment of elevator cars closest to button

This mode addresses the user dissatisfaction that results
when the elevator car that arrives in response to pressing
the elevator hall button is the most distant one. During off-
peak periods, walking distance is minimized by prioritizing
the elevator cars closest to the button that was pressed.
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3.3
FI-700 Expansion Capabilities

FI-700 is equipped with interfaces that can be used to
receive information from external sources or provide details
of elevator operation. For example, elevators can be dis-
patched in a timely manner by providing FI-700 with infor-
mation on user numbers acquired by the detection and
analysis of people by surveillance cameras located in the
elevator car or hall. Another possibility is to output details
of elevator movements in order to provide displays show-
ing information such as waiting time or which car will be
the next to arrive. This feature makes FI-700 a flexible and
expandable system (see Figure 6).

Figure 7 shows an example where information on user
numbers acquired by the detection and analysis of people
by surveillance cameras located in the elevator hall is input
to FI-700. While providing elevator cars at regular intervals
is the primary task of the management system, there are

Figure 6 —FI-700 Expansion Capabilities

FI-700 is equipped with interfaces that can be used to receive information
from external sources or provide details of elevator operation.

also other modes of operation such as temporarily break-
ing formation to dispatch multiple cars at a time to service
large numbers of waiting users, returning to regular-interval
operation as quickly as possible after the backlog has been
cleared.

3.4
Building Access Solutions Created Through
Collaborative Creation

Hitachi engages in collaborative creation whereby it works
in partnership with customers to identify challenges and
create new services. FI-700 is equipped with interfaces that
allow for expansion and provide the flexibility to intercon-
nect with other building systems, the objective being to
improve services by using collaborative creation to meet
user needs. The accuracy of human flow prediction can be
improved by integrating operation with surveillance cam-
eras located in the elevator cars or halls, for example, and
the system has the potential to deliver new building-wide
mobility solutions through interoperation with security
gates, signage, air conditioning, and lighting systems (see
Figure 8).

4. Conclusions

This article has described the FI-700 elevator management
system with human flow prediction that shifts away from
the past emphasis on elevator cars and their efficiency of
operation, focusing instead on “human flow,” which aims
to smooth the movement of people through buildings. The
purpose of this is to “provide ways to move around buildings
in comfort that blend seamlessly into people’s activities.”
The system has succeeded in reducing average waiting
times by up to 20% compared to previous systems during

Figure 7— Example of Operation Coordinated with Data from Elevator Hall Surveillance Cameras

While providing elevator cars at regular intervals is the primary objective, the system can also temporarily break formation and dispatch multiple cars

to service large numbers of waiting users.
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Figure 8 — Building Access Solutions
Created Through Collaborative Creation
By equipping FI-700 with interfaces that allow for |
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busy periods such as lunch breaks by using Al to predict the Authors

number of elevator users (human flow) on the basis of large
amounts of historic data on elevator operation. In the future,
Hitachi intends to continue pursuing innovation in building

access through collaborative creation with customers and by . y

utilizing the exchange of data with other building systems
such as surveillance cameras.
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