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(57) Abstract: The invention presents a method and a sys-
tem for evacuating a building or a part of it using an eleva-
tor system, which comprises one or more elevators (200).
In the method an evacuation state is activated, the number
of people awaiting evacuation on specific floors is deter-
mined, the number of elevator cars (200) and/or of evacua-
tion times needed for the evacuation of specific floors is
calculated on the basis of the capacity of the aforemen-
tioned one or more elevator cars and of the number of peo-
ple awaiting evacuation, and floor-specific evacuation is
controlled to one or more predefined exit floors.
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ELEVATOR SYSTEM
FIELD OF THE INVENTION

The present invention relates to elevator systems.
More particularly the invention relates to the
evacuation of a building, or a part of it, using

elevator systems.

BACKGROUND OF THE INVENTION

If ah exceptional incident occuré_in a building, which
incident can cause danger to the users of the
building, it is important to enable a safe exit from
the building for the wusers. This kind of serious
exceptional incident can be e.q. a | fire, an
earthquake,'a bomb threat or a similar type of event,
which is of danger to the people in the building. An
evacuation order can be given in the building, either
for certain floors of the building or for the entire .
building, after detecting an exceptional incident. The
transport systems located in the building, such as
elevators, are in this case placed in an important

role.

Generally the use of elevators in the event of fire
can be prohibited. This is becausé a fire can damage
an elevator system, in which- case elevators are no
longer safe to use for evacuating people to the exit
floor of the building. It is also possible that the
elevator stops working during an elevator run, in
which case the elevator car may stop between floors
leaving the elevator passengers trapped. Also the
extinguishing water to be used for extinguishing fires
may damage the electrical parts of the system e.g. by
causing short-circuits in the electronics parts of thé

system.
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Additionally in the event of a fire it is not sensible
to direct the elevator car to, and then open the doors
to, a floor on which the fire has progressed to an
advanced stage. In this case the safety of the'people
already traveling in the elévator is endangered and
the time needed for evacuation becomes longer, if it
can be assumed that on this kind of floor'there are no

longer any people awaiting evacuation.

On the other hand, if the elevator system 1is
constructed to be such that it withstands heat well or
it is protected with suitable structures, the elevator
system can very well be a feasible additional aid in
the'eVacuation of the building. In high-rise buildings
this ‘is especially prominent, because the safe
evacuation of a 1large number of people along the
stairs and out of the building is extremely, slow. If
the elevators can be safely and reasonably controlled
also during an emergency, the evacuation time can be

substantially shortened. It follows from the above

‘that travel of the elevators in emergencies must be

controlled in accordance with a special evacuation

state.

When an evacuation situation arises, one awkward boint
is receiving reliable information about the number of
people to be evacuated on each floor. Additionally, if
e.g. a destination call system is in use, in which
each elevator user gives his/her personal destination
information to the elevator system with a separéte
destination call panel instead of up-down pushbuttons,
each person should separately give a destination call.
In this case, after each destination call the group
control optimizes the routing and allocates an
elevator car to each person. If the number of people
Eo be evacuated is considerable, the group control is
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'significantly loaded and the route selections are not

necessarily optimal from the viewpoint of evacuation.

PURPOSE OF THE INVENTION

The aim of the present invention is to présent a
solution wherein in an evacuation state reliable
floor-specific information about the number of people
to be evacuated is obtained so that the evacuation can
be performed quickly and efficiently. Another aim of
the invention is to disclose a solution in which up-
to-date guidance information. relating to the
evacuation and other corresponding information
relating to the evacuation can be given to the people

to be evacuated.

SUMMARY OF THE INVENTION

The method according to the invention is characterized
by what is disclosed in the characterization part of
claim 1. The system according to the invention is
characterized by what is disclosed in the
characterization part of claim 9. Other embodiments of
the invention are characterized by what is disclosed
in the other claims. Some inventive embodiments are
also presented in the descriptive sectioh of the
present application. The inventive content of the
application can also be defined differently than in
the claims presented below. The inventive content may
also consist of several separate inventions,
especially if the invention is considered in the light
of expressions or implicit sub-tasks or from the point
of wview of advantages or éategories of advantages
achieved. In this case, some of the attributes
contained in the claims below may be superfluous from

the point of view of separate inventive concepts.
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One aspect of the invention presents a method for

evacuating a building or a part of it using an

elevator system, which elevator system comprises one

or more elevators. In the method an evacuation state

' is activated, which evacuation state defines at least

one floor to be evacuated and at least one exit floor.
When an evacuation state is prevailing the number of
people awaiting evacuation on specific floors is
determined; the number of elevator cars and/or of
evacuation times needed for the evacuation of specific
floors is calculated on the basis of the capacity of
the aforementioned one or more elevator cars and of the
number of people awaiting evacuation; and the floor-
specific evacuation is controlled to a predefined at
least one exit floor, in which control the
aforementioned number of elevator cars and/or of
evacuation times needed for the ‘evacuation is taken
into account. An evacuation state refers in this
context to any state whatsoever prevailing in a
building, which when prevailing necessitates emptying
at least one floor of people to at 1least one exit

floor.

In one embodiment - of the invention, in - the
determination -phase the number of people awaiting
evacuation on abfloor is determined from the number of
people entered into the destination call panel of the

floor.

In one embodiment of the invention, in the
determination phase the number of people awaiting
evacuation is determined with at least one lobby

detector in the elevator lobby of the floor.

In one embodiment of the invention, the number of
people awaiting evacuation on specific floors is

updated after the original determination at least once
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when the evacuation stateé is active. As a result of the
embodiment the elevator system receives updated
information e.g. about situations in which more people
to be evacuated arrive in an elevator lobby during an
evacuation. On the basis of the information the
elevator system can calculate more precisely the
transport capacity needed for evacuating the remaining

people and the duration of evacuation.

In one embodiment of the invention, information about
the number of people who are awaiting evacuation on a
floor is transmitted to a remote point. As a result of
the embodiment firemen, for example, or other persons
participating in the evacuation receive information
about: the numbers and 1locations of people to be

evacuated in the building.

In one embodiment of the invention, guidance about an
alternative manner of evacuation is given to people who
are awaiting evacuation on a floor. As a result of the
embodiment the people to be evacuated can be guided
e.g. to tramnsfer to .éome other floor and/or to an
elevator lobby or to exit along the stairway e.g. in
situations in which the safe operating time of the
elevator system is not sufficient for the evacuation of

all the people on a floor.

In one embodiment of the invention, information about
the estimated starting time and/or finishing time of
the evacuation of a floor, and/or about the number of
people remaining to be evacuated, is given.to people
awaiting evacuation on the floor. As a result of the
embodiment unnecessary panic can be avoided because the
people 'awaiting evacuation receive information about
the starting time of the evacuation of a floor as well
as about the progress of the evacuation when a floor is

being evacuated.
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In one embodiment of the invention, in an evacuation
state a predefined evacuation sequence of floors
(priority sequence) is followed. As a result of the
embodiment the people in the greatest daﬁgerﬂ can be.
evacuated first and e.g. the people on other evacuation
floors can be simultaneously guided to use alternative
exit routes, and thus the overall efficiency of

evacuation can be improved.

The second aspect of the invention presents a system
for evacuating a building or a part of it in an
elevator system, which comprises one or more

elevators. The system comprises an interface of the

control system for activating an evacuation state;

means for determining the number of people awaiting

evacuation on specific floors; a control system for
calculating the number of elevator cars and/or
evacuation times needed for the evacuation of specific
floors on the basis of the capacity of the.
aforementioned one or more elevator cars and of the
number of people awaiting evacuation; and a .control
system for controlling the evacuation of specific
floors to at 1least one exit floor specified by the

evacuation state.

LIST OF FIGURES

Fig. 1 presents a flow chart of the method according
to the invention according to one embodiment of the

invention.

Fig. 2 presents an example of the system according to

the invention.

Fig. 3 presents an example of evacuation according to

one embodiment of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention discloses an evacuation method
that utilizes the elevator system when a situation or
incident is detected on one or more floors of a
building, which situation or incident requires that
the floor is emptied of people. This type of incident
can typically be a fire, an earthquake or a bomb
threat. The present invention relates to the control
of the elevators in a manner deviating from the normal
operating state. The purpose of the system is e.g. to
minimize the time spent on transporting people to at
least one exit floor (which is typically the 1lobby
floor of the bﬁilding) from the floors of the building
that are to be evacuated. This minimization of time
cannot be achieved with the normal serving of elevator

calls but instead a special evacuation state must be

. taken into |use. This evacuation state 1is also

different, depending on whether the elevator system is
a so-called conventional system that follows up-down
calls or a destination call system, in which the
destination floor is given personally in the elevator

lobby before even stepping into the elevator car.

An evacuation state can result from a number of
different factors and these factors can also have an
effect on how to proceed in an evacuation state. In an
exceptional situation at 1least a fire incident and
other éxceptional situations, for example, <can be
distinguished from each other, because a fire may
damage the operation of the elevator system making it
dangerous for users. In this case the e;evators can be
used e.g. in so-called fireman’s mode, which allows
firemen and their appliances access to the fire site.
Another operating mode relating to a fire can be full
evacuation mode (the whole building is emptied of
people), if it can be assumed that the elevator system
can withstand fires well. Another type of potential
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threat requiring evacuation is e.g. a hurricane or a
bomb threat, which have not yet damaged the
infrastructure of the building when the decision to
evacuate is made. In this case it can be assumed that
the elevator system can safely be used for evacuation.
One situation possibly requiring evacuation is also
complete disconnection of the building from the
electricity network. In this case of coufse the
elevator system requires one or more reserve power
sources to operate. A reserve power source can be e.g.
a backup generator either for a specific elevator
group or for a specific elevator, with which at least
the use of | some elevators for evacuation
transportation after disconnection of the external

current supply can be guaranteed.

In an evacuation situation relating to fires an
elevator system needs diverse data, so that the
control of the systém knows the floors to be
evacuated, the exit floors that can be wused, the
elevators capable of operating and an estimate of
their safe operating time for evacuating floors. Smoke
or temperature detectors/sensors caﬁ be utilized to
inform the contrdi system of the elevators and the
fire service of the extent of the fire and of the

operating condition of the elevators.

Fig. 1 presents a flow chart of the method according
to the invention according to one embodiment of the
invention. The flow chart describes the evacuation of

a building or a part of it using an elevator system,

‘which comprises one or more elevators. In the first

phase of the method, the evacuation state (100) of the
elevator system is activated. 1In connection with
activation, the floors to be evacuated as well as the
safe exit floors are determined. Additionally, in

connection with activation of the evacuation state the
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elevators that can be wused for the evacuation of
people can be determined and also an estimate can be
made of the safe operating time of the aforementioned
elevators during exceptional circumstances. If there
are a number of floors to be evacuated, the priority’
sequence between floors is determined. When the
elevator system is set to an evacuation state, the
number of people awaiting evacuation on specific

floors is determined (110). The determination of the
number of people awaiting evacuation can be performed
in many different ways. In one embodiment the
determination is performed with one or more lobby
detectors in the elevator lobby of each floor. In a
second embodiment the elevator system is a
destination-call-controlled elevator system, and in an
evacuation.state the number of people who are awaiting
evacuation of a floor is entered with the destination
call panel that is on the floor. In this case e.g. one
of the people waiting in the elevator 1lobby for
evacuation keys in an estimate of the number of people
awaiting evacuation on the floor by means of the
pushbuttons of the destination call panel disposed in

the elevator lobby.

The number of elevator cafs and/or of evacuation times
(evacuation runs) needed for the evacuation is
calculated (120) on the basis of the capacity of the
aforementioned one or more elevator cars and of the
number of people awaiting evacuation. Floor-specific
evacuation 1is controlled (104) to one or more
predefined exit floors, in which control the
calculated number of @ elevator cars and/or of

evacuation times is taken into account.

Fig. 2 presents one example of the system according to
the invention. The elevator system 208 comprises a
control system 202 of the elevators, which control
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system controls one or more elevators 200. The control
system comprises an interface 210, via which the
control system is connected to the evacuation
management system 212 of the building. Activation of
an evacuation state can occur either manually or
automatically, depending on the evacuation management
system and/or on the exceptional situation detected.
Via the interface information about the floors to be
evacuated and the priority sequence among them, about
safe exit floors, about the elevators to be used for
the evacuation and/or about the safe operating times
of elevators can be transmitted to the control system.
One or more of the aforementioned data can be saved in
the control system. When an evacuation state is
active, the control system 208 of the elevators
provides information about the numbers of people who
need evacuationicni different floors. The information
about the numbers of people 1is obtained from a
detector 204 of the number of people disposed on each

floor.

. In one embodiment of the invention, in which a

destination call panel 204 is wused, with the
destination call panel an estimate is given of the
number of people who need evacuation on the floor in

question. Since the control system 202 of the elevator

is aware of the number of elevators in use and the
capacity of the elevator car of each elevator, the
control system 202 can calculate how many elevators
and/or how many evacuation runs must be performed

between the floor to be evacuated and the exit floor

'so that all the people who are awaiting evacuation on

a floor to be evacuated can be evacuated. The elevator
system can, on the basis of the information, also
calculate the times to be used for the evacuation of
specific floors and, on the basis of the information,

make deductions about the control procedures needed.
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In another embodiment of the invention the elevator
syétem is not a-destination call system and separate
destination call panels are not in use. In this case
e.qg. one or more lobby detectors can be used as the
detectors 204 of the number of people. The lobby
detector or the lobby detectors monitor the number of
people collected in an elevator 1lobby and transmit
information about it to the control system 202 of the
elevator. The detectors themselves can be implemented
with any prior-art detector technology whatsocever.

The information about the number of people to be
evacuated can be updated during an evacuation state
e.g. according to when new people come into the

elevator lobby to await evacuation. The, K updating can

- occur in the same way as when starting an evacuation

situation, é.g. by means of a destination call panel
or by using lobby detectors. When updating the number
of people to be evacuated, the control system 202 can
also utilize information from the car load weighing
devices or from the door photocells.of the elevator
cars. On the basis of the information received from
them it is possible to know or to estimate how many
people of the people awaiting evacuation on a floor
have already been evacuated. All in all the evacuation
process can be an event that is'dynamic and changes

according to the situation, and not simply a

- performance executed according to parameters set in

advance.

In one embodiment the control system 202 additionally
transmits onwards to a remote point 206 information
about the number of people needing evacuation. The
remote point 206 can be e.g. a controlvpoint of the
building or it can be the fire department. When the

information is available at the remote point 206, the
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information gives important additional information in

an evacuation situation e.g. to rescue personnel.

The elevator system 208 comprises floor-specific
information means 214, by the aid of which different
guidance and other information can be given in an
evacﬁation situation. The guidance can be arranged via
a display means  that is in connection with a

destination call panel or via a separate information
board or sound announcement. When an evacuation state
is activated, information about this is given to the
people on the floors, and it 1is requested that an
estimate is given e.g. from the destination call
panel, about the number of people to be evacuated from
the floor! Guidance can also request the people
awaiting evacuation on a certain floor to transfer to
another floor or to use the stairs e.g. in a situation
in which the safe operating time of the elevators is
coming to an end and not all the pecople can be
evacuated with the elevators in the remaining time. In

a second embodiment the guidance can notify the people

~awaiting evacuation of an estimate of when the

evacuation of the floor in question will start and
when the elevators will arrive to evacuate the floor.
As a result of the information, unnecessary panic will
not arise on the floor when e.g. the elevators are
evacuating some other floor, because an estimate of
the starting time of the evacuation of the floor can
be transmitted to the people. When the elevators are
evacuating a certain floor, by the aid of the
information means disposed on the floor information
determined by the elevator system about the remaining -
evacuation time of the floor and/or about the number
of people remaining as calculated by the elevator

system can be given.
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Figf 3 presents an example of evacuation according to
one embodiment of the invention. The example presented
in Fig. 3 comprises two elevator cars Hl, H2 and six
floors. Two of the floors (1, K) are specified as exit
floors in an evacuation situation. The black balls in
the figure indicate people awaiting evacuation. A
separate evacuation state is specified for the control
syStem of the elevators H1l and H2, which evacuation
state determines how the evacuation is performed in an

evacuation situation.

In the example of Fig. 3, people on two different
floors (3 and 5) are awaiting evacuation. Priorities
are defined for the floors such that floor 5 is
evacuated first and only then floor 3. If, for
example, there are 50 people on floor 5 and 30 people
on floor 3 to be evacuated, the- control system
calculates that 5 evacuation runs are needed for
evacuating floor 5 and 3 evacuation runs are needed
for evacuating floor 3. The control system can also
calculate an estimate of how long the evacuation of
floor 5 will 1last, e.g. 15 minutes, and gives
information about this to floor 3 with the information
means (e.g. “Evacuation of floor will start in 15
minutes”). During the evacuation of floor 5 the
elevator system monitors the numbers of people coming
into the elevator cars, e.g. by means of car load
weighing devices and/or door photocells, and shows by
the aid of the information means on the floor an
estimate of the number of people remaining. If the
number in question differs essentially from the number
of people in the elevator 1lobby who are to be
evacuated, a person on the floor can give, e.g. by
means of the destination floor panel, a new estimate
of the number of people awaiting evacuation on the
floor, on the basis of which estimate the control

systemvcan make new control decisions and update the
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information to be given with the information means. If
in this case, for example, the estimated evacuation
time of floor 5 becomes so long that there is
insufficient time to perform the evacuation of both
floors 5 and 3 within the framework of the safe
operating time of the elevators, the control system
cah guide the people of floor 3 to transfer along
stairways to the exit floor. When the elevator system

detects e.g. from the signal of the car load weighing

device and/or from the signal of the hall detector
that there are no longer any people to be evacuated on
floor 5, the control system directs the elevator cars
to floor 3 for evacuating the people there to the
specified exit floor. If a number of exit floors are
in use (as is presented in Fig. 3), a certain exit
floor can be specified separately for each evacuation

floor.

In normal operating mode there are certain safety
margins in the filling of  the elevator car e.g.
between the notified maximum 1load in the car (the
maximum number of passengers in the elevator car) and
the maximum load of the car that the equipment
withstands. This also gives travel comfort to users of
the elevator. In an evacuation state these safety
margins can be compromised in order to achieve maximal
operating efficiency. The elevator <car can, for
example, be accelerated and braked at the maximum
power allowed by the system with no regard for the

equipment.

Owing to one or more embodiments presented in the

_invention, reliable information about the number of

people to be evacuated is obtained quickly. Thus the
control of the elevator system can be optimized better
and it is possible e.g. to make more accurate longer-

term control decisions. In addition, by means of
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different guidance the efficiency of evacuation can be
improved compared to before and people’s sense of
safety can be increased. As a result of the invention
the people on a floor do not in an evacuation state
need to give personal destination calls, which speeds
up the eQacuation and avoids unnecessary congestion in

the elevator lobbies.

The invention is not only limited to be applied to the
embodiments described above, ‘but instead many
variations are possible within the scope of the
inventive concept defined by the claims below and the
embodiments presented above can be combined with each
other. Thus, for example, all the elevators of the
elevator system do not necessarily need to be reserved
for the evacuation of a certain floor but instead some
of the elevators can be used for the evacuation -of
other floors and/or can be reserved for special’use,

such as e.g. fireman’s drive.
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CLAIMS

1. Method for evacuating a building or a part
of it using an elevator system, which comprises one or
more elevators (200),

char acterized in that the method
comprises the phases:

an evacuation state is activated, which evacuation
state defines at léast one floor to be evacuated and at
least one exit floor; ‘

the number of people awaiting evacuation on
specific floors is determined;

the number of elevator cars and/or of evacuation

times needed for the evacuation of specific floors is

calculated on the basis of the capacity of the

aforementioned one or more elevator cars of an elevator

~and of the number of people awaiting evacuation; and

the floor-specific evacuation is controlled to the
aforementioned at least one exit floor, in which
control the number of elevator cars and/or of
evacuation times needed for the evacuation is take into
account. _ |

2. Method = according = to ’ cléim 1,
characterized in that in the determination
phase the number of people awaiting evacuation is
determined from the number of people entered into the
destination call panel.

3. Method according to claim 1,
characterized in that in the determination
phase the number of people awaiting evacuation is
determined with at least one lobby detector disposed
in the elevator lobby.

4. Method according to any of claims 1 - 3,
characterized in that the number of people
awaiting evacuation on specific floors 1is updated
after the original determination at least once when

the evacuation state is active.
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5. Method according to any of claims 1 - 4,
characterized in that information about the
number of people awaiting evacuation on a floor is
transmitted to a remote point. '

6. Method according to any of claims 1 - 5,
characterized in that '~ guidance about an
alternative manner of evacuation is given to people
awaiting evacuation on a floor.

7. Method according to any of claims 1 - 6,
characterized in that information about the
estimated starting time of the evacuation of the floor
and/or about the remaining evacuation time of the
floor and/or about the number of people to be
evacuated, is given to people awaiting evacuation on
the floor.

8. Method according to any of claims 1 - 7,
characterized in that in an evacuation state
a predefined evacuation Sequence of floors is
followed. |

9. System for evacuating a building or a
part of it using an elevator system, which comprises
one or more elevators (200),

characterized in  that the system
comprises:

' an interface (210) of the control system for
activating an evacuation state; _

means (202, 204) for determining the number of
people awaiting evacuation on specific floors;

a control system (202) for calculating the number
of elevator cars and/or of evacuation times needed for
the evacuation of specific floors on the basis of the
capacity of the aforementioned one or more elevator
cars of the elevator (200) and of the number of people
awaiting evaduation; and

a control system (202) for controlling the
evacuation of specific floors to at least one exit

floor specified by the evacuation state.
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10. System according to claim 9,
characterized in that the system comprises at
least one destination call panel (204) for entering
the number of people awaiting evacuation.

11. System according to claim 9,
characterized in that the system comprises at
least one 1lobby detector (204) for determining the
number of people awaiting evacuation.

| 12. System according to any of claims 9 - 11,
characterized in that the control system
(202) 1is arranged to update the number of people
awaiting evacuation on specific floors after the
original determination at least once when the
evacuation state is active. ‘

13. System according to any of claims 9 - 12,
characterized in that the control system
(202) 1is arranged to transmit information to a remote
point (206) about the number of people awaiting
evacuation on a floor.

14. System according to any of claims 9 - 13,

characterized in that the system comprises

means (214) for giving guidance about an alternative

manner of evacuation to people awaiting evacuation on
a floor. |

15. System according to any of claims 9 - 14,
characterized in that the system comprises
means  (214) for giving information about the estimated
starting time of the evacuation of the floor and/or
about the remaining evacuation time of the £floor
and/or about the number of people to be evacuated, to
people awaiting evacuation on the floor.

16. System according to any of claims 9 - 15,
characterized in that the™~ control system
(202) is arranged to follow in an evacuation state a
predefined evacuation sequence of floors.
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