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MODULAR COMPUTING SYSTEM AND PEOPLE MOVEMENT
MANAGEMENT SYSTEM

FIELD OF THE INVENTION

The present invention relates in general to computing systems. In particular, however,
not exclusively, the present invention concerns a modular computing system for provid-
ing digital services in a people movement management system designed for managing
and providing transportation for people and material within a building, such as including

an ¢levator, an escalator, a moving walkway, and/or an automatic door, etc.
BACKGROUND

Providing digital services for an entity, for example, for a building owner and/or the
building itself, nowadays typically requires that there is a communication connection
either at least to a local network, and/or to a cloud service or other external server system.
Depending on the type of digital services to be provided, connectivity and computing
devices may have different requirements regarding performance, cybersecurity, and/or

service availability.

Connectivity and computing devices are typically designed with a particular purpose in
mind. If two different services are provided to two different entities, typically two dif-
ferent devices are delivered, both with different software running thereon. Hardware and
software maintenance (for example, component changes and security updates) are thus
done separately for each of the devices. If yet another service is provided to a further
entity, still another piece of hardware and related software that fulfills the requirements
of the new service must be delivered and installed. This leads to increase in maintenance
efforts to keep all these solutions running as well as of amount physical hardware. Thus,
there is still a need to develop computing systems for providing plurality of digital ser-

vices which are easier to manage and maintain.
SUMMARY

An objective of the present invention is to provide a modular computing system for a
people movement management system and a people movement management system.
Another objective of the present invention is that the modular computing system and the
people movement management system which computing solutions, both relative to soft-

ware and hardware, are easier to manage and maintain.
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The objectives of the invention are reached by a modular computing system for a people
movement management system and a people movement management system as defined

by the respective independent claims.

According to a first aspect, a modular computing system for a pecople movement man-
agement system is provided. The modular computing system comprises one or several
computing modules, each comprising a processing unit in connection with a memory,
and an input/output connection interface for providing connection with one or several
input/output units. At least one of the computing modules is configured to monitor its
performance and/or performance of at least one other of the computing modules, and
allocate computing resources of the computing modules based on said performance
monitoring for executing control program portions included in one or several software
containers, wherein the allocation is implemented based on pre-defined criticality ratings
for functions of the people movement management system. The one or several compu-
ting modules are configured to execute the control program portions based on the allo-
cation of the computing resources, and a plurality of input/output units connected to the
one or several computing modules for use when executing the control program portions

by the one or several computing modules.

Software containers are defined in this application to refer to software entity providing
resource isolation between multiple instances on the same hardware but otherwise be-
having like an operating system and which can execute applications. Thus, the software
containers, despite of including level of isolation (and thus security and easier manage-
ment through isolation), differ from a Virtual Machine which runs on its own full oper-
ating system. The software containers share the host's operating system kernel. Contain-
ers are thus modular in that they can be created once, and of course may be updated

afterwards, and used multiple times without additional attention.

In various embodiments, the modular computing system may comprise a plurality of
computing modules. Thus, said at least one of the computing modules may be configured

to monitor performance of another computing modules.

Furthermore, alternatively or in addition, the plurality of input/output units may be se-
lected from the group consisting of: a camera, a display screen, a serial interface, a sen-

SOr.

In various embodiments, the modular computing system may comprise a communica-
tion unit. Optionally, the communication unit may be arranged to communicate with an

external server system, such as with a cloud computing system. Furthermore, the



WO 2024/149925 PCT/F12023/050016

10

15

20

25

30

modular computing system may be configured to receive instructions from the external

server system to run control program portions of the one or several software containers.

Alternatively or in addition, the at least one computing module may be a programmable

logic controller.

In some embodiments, the modular computing system may include criticality rating pre-
assigned for each of the control program portions including instructions related to the
functions of the people movement management system, wherein the at least one of the
computing modules is configured to allocate the control program portions to be executed
by the computing modules based on the pre-assigned criticality rating so that computing
resources are prioritized at least for the most critical control program portions. In addi-
tion, optionally, the most critical control program portions may include safety-critical

functions of the of the people movement management system.
The modular computing system may further be connected to an operator’s workstation.

In case of multiple computing modules, failure of one module can be temporarily toler-

ated by orchestrating most important services to the other module(s) automatically.

Furthermore, wherein, in case of detection of a faulty computing module, the at least
one of the computing modules may be configured to allocate computing tasks previously

executed by the faulty computing module to another one of the computing modules.

According to a second aspect, a people movement management system is provided. The
people movement management system comprises a modular computing system in ac-
cordance with the first aspect. In addition, at least one of the plurality of input/output
units is arranged to provide information about movement of people at a site of the mod-

ular computing system.

The people movement management system may comprise a controller for controlling
operation of a people movement management system at the site. The controller may,

preferably, be connected to or be comprised in the modular computing system.

Furthermore, the people movement management system may include an clevator sys-
tem, the elevator system comprising at least one elevator car movable in an elevator
shaft, and the controller, being an elevator controller, is configured to control operation

of the elevator system.
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Alternatively or in addition, the people movement management system may include a
personal conveying system, such as an escalator or a moving walkway, and the control-
ler, being a personal conveying system controller, is configured to control operation of

the personal conveying system.

Furthermore, the people movement management system may comprise at least one au-
tomatic door, and the controller, being an automatic door controller, is configured to

control operation of the at least one automatic door.

The present invention provides a modular computing system for a people movement
management system and a people movement management system. The present invention
provides advantages over known solutions in that only a single well-defined base soft-
ware (stack) needs to be maintained. Software or I/O (input/output) units for new ser-
vices can be updated, developed, and delivered independently from other hardware and

software. Advantageously, standardized interfaces are used.

Furthermore, 1/0 units can be added independently, so if several services are provided
to an entity, such as to operate in connection with an elevator, only one computing mod-
ule, preferably a standard computing module, with sufficient performance can be deliv-
ered along with the necessary 1/0 units. If a new service is then provided to the entity,
depending on whether it needs new 1/0 interfaces and/or units or more computing power,

only the related I/0 unit or additional computing unit can be delivered.

Still further, software containers in the system can be updated independently from each
other. If code or standard imposes limitations on software upgradability, other containers

can still be updated without violating the requirement.

Software in the containers may only communicate with each other using separately ap-
proved channels and protocols, providing isolation and security, also for software devel-

oped by third parties.

Various other advantages will become clear to a skilled person based on the following

detailed description.

The expression "a plurality of”” may refer to any positive integer starting from two (2),
that is, two, at least two, three, at least three, etc.

The terms “first”, “second” etc. are herein used to distinguish one element from another

element, and not to specially prioritize or order them, if not otherwise explicitly stated.
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The exemplary embodiments of the present invention presented herein are not to be in-
terpreted to pose limitations to the applicability of the appended claims. The verb "to
comprise” is used herein as an open limitation that does not exclude the existence of also
unrecited features. The features recited in the claims are mutually freely combinable

unless otherwise explicitly stated.

The novel features which are considered as characteristic of the present invention are set
forth in particular in the appended claims. The present invention itself, however, both as
to its construction and its method of operation, together with additional objectives and
advantages thercof, will be best understood from the following description of specific

embodiments when read in connection with the accompanying drawings.
BRIEF DESCRIPTION OF FIGURES

Some embodiments of the invention are illustrated by way of example, and not by way

of limitation, in the figures of the accompanying drawings.

Figure 1 illustrates schematically a modular computing system.

Figure 2 illustrates schematically a people movement management system.
DETAILED DESCRIPTION OF SOME EMBODIMENTS

Figure 1 illustrates schematically a modular computing system 100. The modular com-
puting system 100 may, preferably, be arranged comprised in or to be in connection with
a people movement management system 200 designed for managing and providing
transportation for people and material within a building, such as including an elevator,
an escalator, a moving walkway, and/or an automatic door, etc. that is, one or a combi-

nation of the aforesaid. Dashed lines indicated optional features.

The modular computing system 100 comprises one or several computing modules 32A,
32N, each comprising a processing unit in connection with a memory, and an input/out-
put connection interface 33A, 33N for providing connection with one or several in-
put/output units 34A, 34B, 34N. At least one of the computing modules 32A, 32N is
configured to monitor its 32A, 32N performance and/or performance of at least one other
of the computing modules 32A, 32N, and allocate computing resources of the computing
modules 32A, 32N based on said performance monitoring for executing control program
portions included in one or several software containers, wherein the allocation is imple-
mented based on pre-defined criticality ratings for functions of a host system, for exam-

ple, of the people movement management system 200. Said one or several computing
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modules 32A, 32N are configured to execute the control program portions based on the
allocation of the computing resources. A plurality of input/output units 34A, 34B, 34N
are connected to the one or several computing modules 32A, 32N for use when executing
the control program portions by the one or several computing modules 32A, 32N. In Fig.
1, a plurality of computing modules 32A, 32N, that is two or more, are shown, however,
in some cases there could be only one. Thus, computing capabilities may be provided
with standardized computing modules that can be connected to I/O units with differing

physical interfaces for different needs.

Software providing different services may thus be delivered in standardized containers.
Software containers can be added and removed freely, provided that the required 1/0 is

in place, and that the compute performance is sufficient for all services.

In case of plurality of computing modules 32A, 32N, in case of detection of a faulty
computing module, one or more of the computing modules 32A, 32N may be configured
to allocate computing tasks previously executed by the faulty computing module to an-
other one of the computing modules 32A, 32N.

The pre-defined criticality ratings may include, for example, a priority value or number
assigned to the functions. For example, each of the pre-defined or known functions may
have its own place in the priority list of all of the functions. Alternatively, the functions
may be grouped into priority groups, in which case functions in the same group may be
allocated resources based on chronological order. Other ways of prioritizing the func-
tions may also be used. Computing resources may thus be allocated to the software con-
tainers based on their criticality. This may mean stopping or preventing some functions

to be performed or executed.

Furthermore, the modular computing system 100 may be configured to issue a warning
in a suitable form, such as visible and/or audible, to the operator about lack of computing
power. For example, there may be a threshold set so that the if there are less computing
resources available than the threshold, such as 10 or 20 percent of all resources, or num-
ber of processors or computing units. This indication may be utilized to arranged another

computing module to the system.

Thus, in various embodiments, the modular computing system 100 may include critical-
ity rating pre-assigned for cach of the control program portions including instructions
related to the functions of the people movement management system 200. The at least
one of the computing modules 32A, 32N may be configured to allocate the control pro-

gram portions to be executed by the computing modules 32A, 32N based on the pre-
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assigned criticality rating so that computing resources are prioritized at least for the most
critical control program portions. Furthermore, the most critical control program por-
tions may include safety-critical functions of the host system, such as the people move-
ment management system 200. In case of elevators, for example, these may mean safety

circuit related functions, or emergency phones and/or lighting inside an elevator car.

Safety circuit related functions, as known to a skilled person, relate more or less directly
to the operation of the elevator components and devices related to moving and braking
the elevator car, and opening and closing elevator car doors and elevator shaft doors, or
landing floor doors, to name few examples. In some embodiments, these are monitored
and operated by elevator controller, however, one, some, or even all of these may in
other embodiments be performed by the modular computing system 100. In those cases,
these functionalities have the highest priority or criticality rating in the modular compu-

ting system 100.

Other features or functionalities which may assigned the highest criticality rating may
include emergency phones in the clevator car(s). In some embodiments, these may be
assigned the second highest criticality rating if the system is configured to also perform
some safety circuit related functions. The emergency phone may be operated via a two-
directional communication connection transferring audio signals. Furthermore, there
can also be text-based messaging supported. In some embodiments, the emergency
phone is also arranged to operate on a two-directional video connection. The video con-
nection may be assigned with a lower criticality rating than the sound and/or text-based
connection. Thus, if the performance of the modular computing unit 100 is low, the
video connection of the emergency phone system can be disabled to preserve computing

resources for sound and/or text-based communication.

Another example may be criticality rating assigned to analyzing data from sensors of the
elevator system. The highest criticality rating may be assigned to data related to moni-
toring operation of the elevator machinery, such as related to moving of the elevator car.
Lower critically rating may be assigned to analyzing video or photo-based data from a
camera installed into the site or premises of the people movement management system
200. Still further, there may be different criticality ratings assigned for analyzing video
data for different purposes. A higher value may be assigned for detecting electric scooter
or wheelchairs or the like whereas a lower value may be assigned for counting number
of persons in the video or photo. Finally, the lowest level of criticality rating may be
assigned to comfort or entertaining functions, such as background music, advertisements

in a display, or other such media services.
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In various embodiments, the same input/output unit 34A, 34B may be utilized for two
or more functions having different criticality ratings. For example, the speaker of the
emergency phone may be assigned a high criticality rating when used for an emergency
call. On the other hand, the same speaker may be used for playing background music
with a low criticality rating. Thus, if the computing resources are running low, the back-
ground music can be stopped based on the criticality rating order, and the use of speaker

continued for emergency calls.

The plurality of input/output units 34A, 34B may include various devices utilizable, for
example, in a people movement management system 200. In some embodiments, the
plurality of input/output units 34A, 34B may be selected from the group consisting of: a

camera, a display screen, a serial interface, a sensor.

In various embodiments, the modular computing system 100 may comprise a communi-
cation unit 36. The communication unit 36 may be a separate device, such as a router or
the like, or it may be integrated into one or several computing units 32A, 32N, or other
devices of the system 100. Connectivity may thus be provided with a dedicated connec-
tivity module if needed, however, also existing network infrastructure can be used to

provide connectivity.

The communication unit 36 may be arranged to communicate with an external server
system 40, such as with a cloud computing system. For example, the modular computing
system 100 may be configured to receive instructions from the external server system

40 to run control program portions of the one or several software containers.

In various embodiments, the computing modules 32A, 32N on a single site form a clus-
ter, and an external server system 40, such as based on cloud computing, may assign the
cluster to run the software containers depending on the services provided to the site.
Software container orchestration software running in the cluster may assign software
containers inside the site to run on different computing modules 32A, 32N depending
on the required compute capabilities (e.g. video processing) and I/0 (e.g. connected sen-

SOrs).

Regarding the computing module(s) 32A, 32N, it or one or more of them, preferable
each one of them may be a programmable logic controller (PLC), which are flexible,
rugged and easily programmable. PLCs even further improve the modularity aspect of
the computing system 100 compared to other computing modules since PLCs are easy
to program and manage since there are industrial standards defined for programming

and operation of PLCs.
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In various embodiments, the modular computing system 100 may further be connected
to an operator’s workstation. Thus, the modular computing system 100 may send and/or
receive data from the operator’s workstation. The operator may then receive data from
the modular computing system 100 and from another system connected to the work-

station, and thus manage several different systems.

Figure 2 illustrates schematically a people movement management system 200. As
stated hereinbefore, the people movement management system 200 may include, for ex-
ample, one or a combination of an elevator 20, an escalator, a moving walkway, and/or
an automatic door. In Fig. 2, only an elevator 20 is schematically illustrated. Further-
more, the people movement management system 200 comprises a modular computing
system 100 in accordance with what is described hereinabove. Still further, at least one
of the plurality of input/output units 34A, 34B, 34N is arranged to provide information
about movement of people at a site, such as in a building, of the modular computing

system 100. Dashed lines indicated optional features.

In preferable embodiments, the people movement management system 200 may com-
prises a controller 22 for controlling operation of a people movement management sys-
tem 200 at the site. The controller 22 may, preferably, be connected to or be comprised

in the modular computing system 100.

In some embodiments, the most critical of the safety-critical functions may be isolated
to be performed by the controller 22. Alternatively or in addition, these most critical of
the safety-critical functions may, at least some of them or all of them, be performed by

the modular computing system 100.

The controller 22 may, for example, by utilized to monitor safety circuit related func-
tions and control drive or hoisting mechanism of the elevator 20, if the people movement
management system 200 includes an elevator 20. Thus, the controller 22 may be an ele-

vator controller.

As understood by a skilled person, an elevator 20 or elevator system comprises various
known elements, sub-systems and devices, although them not being shown in Fig. 1 or
2. For example, the elevator 20 typically comprises an elevator car movable in an eleva-
tor shaft. The elevator car is controlled so that it moves in the shaft and is selectively
stopped at landings. The movement of the elevator car may be provided with a rotating
sheave operated by an electric motor and, for example, a frequency converter to control
the electric motor. There may be hoisting rope or the like, or the motor may be a linear

motor. Furthermore, the elevator may include a hydraulic system for moving the elevator
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car or cars. The elevator 20 may also comprise sensors, such as movement and/or posi-
tion sensors, and various safety devices, such as brake and buffers or so. Similar applies
also to other alternatives or sub-systems of the people movement management system
200, such as to an escalator, a moving walkway, and/or an automatic door. Each of these
have at least some minimum devices or means to perform their basic functioning. All of

them also, typically, have safety-related functions too, as known.

Thus, the people movement management system 200 may include a personal conveying
system, such as an escalator or a moving walkway, and the controller, being a personal
conveying system controller, may be configured to control operation of the personal

conveying system.

Alternatively or in addition, the people movement management system 200 may com-
prises at least one automatic door, and the controller, being an automatic door controller,

is configured to control operation of the at least one automatic door.

As stated hereinbefore, the people movement management system 200 may comprise
one or more of the aforesaid sub-systems, such as in a building having one or more
elevators 20, one or more escalators and/or moving walkways, and/or one or more auto-
matic doors. The people movement management system 200 may in many cases cover
various elements operating together or at least being connected to a common control
system, such as having the modular computing system 100, for collecting information
from various sources and operating various sub-systems to advantageously control flow

of people within the site.
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11
CLAIMS

1. A modular computing system (100) for a pcople movement management system
(200), comprising:

one or several computing modules (32A, 32N), each comprising a processing unit
in connection with a memory, and an input/output connection interface (33A, 33N) for
providing connection with one or several input/output units (34A, 34B, 34N), wherein

at least one of the computing modules (32A, 32N) is configured to:

- monitor its performance and/or performance of at least one other of the
computing modules (32A, 32N), and

- allocate computing resources of the computing modules (32A, 32N)
based on said performance monitoring for executing control program
portions included in one or several software containers, wherein the al-
location is implemented based on pre-defined criticality ratings for func-

tions of the people movement management system (200),

wherein the one or several computing modules (32A, 32N) are configured to exe-
cute the control program portions based on the allocation of the computing resources;

and

a plurality of input/output units (34A, 34B, 34N) connected to the one or several
computing modules (32A, 32N) for use when executing the control program portions by

the one or several computing modules (32A, 32N).

2. The modular computing system (100) of claim 1, wherein the modular computing

system (100) comprises a plurality of computing modules (32A, 32N).

3. The modular computing system (100) of claim 1 or 2, wherein the plurality of
input/output units (34A, 34B, 34N) are sclected from the group consisting of: a camera,

a display screen, a serial interface, a sensor.

4.  The modular computing system (100) of any of claims 1-3, comprising a commu-

nication unit (36).

5. The modular computing system (100) of claim 4, wherein the communication unit
(36) is arranged to communicate with an external server system (40), such as with a

cloud computing system.
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6.  The modular computing system (100) of claim 5, configured to receive instruc-
tions from the external server system (40) to run control program portions of the one or

several software containers.

7. The modular computing system (100) of any of claims 1-6, wherein the at least

one computing module (32A, 32N) is a programmable logic controller.

8. The modular computing system (100) of any of claims 1-7, including criticality
rating pre-assigned for each of the control program portions including instructions re-
lated to the functions of the people movement management system (200), wherein the
at least one of the computing modules (32A, 32N) is configured to allocate the control
program portions to be executed by the computing modules (32A, 32N) based on the
pre-assigned criticality rating so that computing resources are prioritized at least for the

most critical control program portions.

9.  The modular computing system (100) of claim 8, wherein the most critical control
program portions include safety-critical functions of the of the people movement man-
agement system (200).

10. The modular computing system (100) of any of claims 1-9, further connected to

an operator’s workstation.

11.  The modular computing system (100) of any of claims 2-10, wherein, in case of
detection of a faulty computing module, the at least one of the computing modules (32A,
32N) is configured to allocate computing tasks previously executed by the faulty com-

puting module to another one of the computing modules (32A, 32N).
12. A people movement management system (200), comprising:
a modular computing system (100) of any one of claims 1-11; and

wherein at least one of the plurality of input/output units (34A, 34B, 34N) is ar-
ranged to provide information about movement of people at a site of the modular com-

puting system (100).

13.  The people movement management system (200) of claim 12, comprising a con-
troller (22) for controlling operation of a people movement management system (200)

at the site.
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14. The people movement management system (200) of claim 13, including an eleva-
tor system (20), the elevator system (20) comprising at least one elevator car movable
in an clevator shaft, and the controller (22), being an elevator controller, is configured

to control operation of the elevator system.

15. The people movement management system (200) of claim 13 or 14, including a
personal conveying system, such as an escalator or a moving walkway, and the control-
ler, being a personal conveying system controller, is configured to control operation of

the personal conveying system.

16. The people movement management system (200) of any of claims 13-15, com-
prising at least one automatic door, and the controller, being an automatic door control-

ler, is configured to control operation of the at least one automatic door.



