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ASSIGNMENT OF INTELLECTUAL PROPERTY

SER—. .»?\;\ SN .-'{ f :“‘:: ::‘} e o ! m ) . N
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(1) Julien Rochat of [ADDRESS] (the "Assignor”); and
(2) BlueBotics SA of Rue des Jordils 41b, CH-1025 St-Sulpice, Switzerland (the "Assignee").

BACKGROUND
{A) The Assignor is an employee of the Assignee or a related company,

(B) The Assignor has been involved in the development of an invention relating to LEO Baggage
Robot — an ltem Handling System, Method and Apparatus as more specifically described in
Schedule 1 ("the Invention").

(<) The Assignee has applied for a United Kingdom Patent for the Invention under Patent
Application Number 16082059 and filed a Patent Corporation Treaty (PCT) patent
application under Patent Application Number PCT/EP2017/061100, each entited ITEM
HANDLING SYSTEM, METHOD AND APPARATUS THEREFOR ('the Patent
Applications™).

(D) To the extent that the Assignor owns rights in the invention or the Patent Applications which
have not already passed to the Assignee by virtue of the employment relationship, the
Assignor wishes to assign such rights under the terms of this Agreement, along with rights in
all future patent applications and granted paients which disclose the Invention.

(E) The Assignor and The Assignee have agreed that the entire right, titlie and interest in the
Inventicn and the Patent Applications be assigned to the Assignee on the terms as set out
below.

AGREED TERMS
1. INTERPRETATION
1.1 Definitions:

Assigned Rights: the Patent Applications and ali Intellectual Property Rights embodied in
the Invention and the Patent Applications, as well as in any future patent applications that the
Assignee or its assigns may wish to file, and any patents which may be granted on the Patent
Applications or such applications filed as aforesaid.

intellectual Property Rights: patents, utility models, rights to inventions, copyright and
neighbouring and related rights, trade marks and service marks, business names and domain
names, rights in get-up and trade dress, goodwill and the right to sue for passing off or unfair
competition, rights in designs, database rights, rights to use, and protect the confidentiality of,
confidential information (including know-how and trade secrets) and all other intellectual
property rights, in each case whether registered or unregistered and including all applications
and rights to apply for and be granted, renewals or extensions of, and rights to claim priority
from, such rights and all similar or equivalent rights or forms of protection which subsist or will
subsist now or in the future in any part of the world.

2. ASSIGNMENT

1.1 In consideration of the payment of £1, receipt of which is expressly acknowledged by the
Assignee, fo the extent not already assigned, the Assignor hereby assigns to the Assignee
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absolutely with full title guarantee all its right, title and interest in and to the Assigned Rights,
including-(without limitation) in respect of the Patent Applications:

1.14.1 the right to claim priority from and to prosecute and abtain grant of patent; and

142 the right to file divisional applications based thereon and to prosecute and obtain
grant of patent on'each.and any such divisional application;

113 in respect of the Invention and any other invention disclosed in the Patent
Applications, the right to file an application, claim priority from such application,
and prosecute and obtain grant of patent or similar protection in or in respect of
any country or territory in the world;

114 the right to extend to or register in or in respect of any country or territory in.the
world each and any of the Patent Applications: and any -applications filed as
aforesaid, and to extend to or registerin, or i respect of, any country or territory
in the world any patent or like protection granted on any of such applications.

1.1.5 the absolute entittement to-any patents granted pursuantio the Patent Applications
and any of the applications filed as aforesaid; and

1.1.86 the rightto bring, maks, oppose, defend, appeal proceadings, claims or actions
and obtain relief (and to retain any damages recovered) in respect of any
infringement, or any other cause of action arising from ownership, of any of the
patents granted on any of the Patent Applications and any patent applications filed
as aforesaid, whether occurring before on or after the date of this-agreement.

WARRANTIES

The Assignorwarranis that:

3141 it has not licensed or assigned any of the Assigned Rights;

312 the Assigned Rights are free from any security interest, option, morigage, charge
or lien;

313 the Inventions are its original work and have not been copied wholly or

substantially from any other source,

314 it is: not aware: of -any information whick is- material to of establishgs the
unpatentability (whether on its own or in combination with other information) of the
Invention. Material information may include devices, products, publications, and
so-forth, that are-similar to the Invention, and/or any public disclosure, commercial
use, or offer for sale prior to the filing date of the Patent Applications.

FURTHER ASSURANCE

The Assignor shall, and shall use all reasonable endeavours-to procure that any necessary
third party shall, promptly execute and deliver such documents and perform such acts as may
reasonably be required for the purpose of giving full effect to this agreement , including
{(without limitation):

441 registration of the Assignee as applicant or (as applicable) proprietor of the
Assigned Rights; and

412 assisting the Assignee in obtaining, defending and enforcing the Assigned Rights,
and assisting with any other proceedings which may be brought by oragainst the
Agsignee against or by any third party relating to the Assigned Rights.
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ENTIRE AGREEMENT

This agreement constitutes the entire agreement between the parties and supersedes and
extinguishes ali previous agreements, promises, assurances, warranties, representations and
understandings between them, whether written or oral, relating to its subject matter.

GOVERNING LAW AND JURISDICTION

This agreement and any dispute or claim {including non-contractual disputes or claims) arising
out of or in connection with it or its subject matter or formation shall be governed by and
construed in accordance with the law of England and Wales.

Each party irrevocably agrees that the courts of England and Wales shall have exclusive
jurisgiction {o setfle any dispute or claim (inciuding non-contractual disputes or claims) arising
out of or in connection with this agreement or its subject matter or formation.

This agreement has been entered into on the date stated at the beginning of it

Signed by Jufien Rochat: . N e

Signed by [NAMEOF AUTHORISED SIGNATORY] for and on
behalf of BlueBotics SA [NARME]

< ;:‘% e ‘g\} AN R v
Julien Rochat

Aot Taam
Noaamy !:‘ EE]
PNISHIR 1

Bedgolre Terten

AuthoriseiBgimiinn
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SCHEDULE 1: DESCRIPTION OF INVENTION

ITEM HANDLING SYSTEM, METHOD AND APPARATUS THEREFOR

FIELD OF THE INVENTION
5  The present invention relates in general to an-item handling method; system, and apparatus. More
particutarly, this invention relates to a baggage handling method, system, and apparatus such-as a
baggage handling method or system for use at a frave! interchange or hub. Even-more-particularly,
the present invention relates to an item handling system for use at an airpert hub, rail or bus
interchange, port or-othertrave! interchange or termini. The present invention is particularly, but not
10" exclusively concered with a.mobiie drive unit for transportation of items such as baggage or other

items at an airport hub or travel interchange.
BACKGROUND OF THE INVENTION

15  The volurne of baggage being handled at airports has increased significantly in recent years and with
thisthis growing volume of baggage, congestion af airports has increased, making it more and more
difficult to navigate through the airport. This increased congestion also slows down the throughput of
passengers from the airport entrance to the aircraft. This congestion and increasing queues at check-
in countars may result in departure delays for airlines and may also impact the airport with additional

20 costs and inefficiencies, as more staffare required to manage and coordinate passengers and their
baggage.

LA further problem with:current baggage handling systems is that reduced mobility passengers-aiso
have to bring their baggage into the airport by themselves or with assistance from others.
25
Although curb-side check-in may be available at some airports where baggage can be dropped off
gutside the airport, the baggage still needs to be transported from the hotel, car park-or other location
to the bag check-in position.

30 Somie self-service baggage solutions have been provided which accelerate the baggage drop process.
These may aliow a passenger, who hasalready checked in, to quickly drop their bags at the self-bag
drop. counter. Howaver, '@ proplem with such a solution is that the passenger still has to enter the
airportwith their bagoage, which-does not alleviate the problem of congestion within theairport caused
by significant amotints of baggage and baggage trolleys.

35
SUMMARY OF THE INVENTION ‘

The invention is defined in the appended claims to which reference should now be made.
Embodiments of the invention seek 1o address the above problems by providing an improved item
handling system and method therefor. In one aspect of the present invention a mobile drive unit or
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mobile drive apparatus (1001) for item handling is provided. The drive apparatus comprises at least
one platform for supporting an item; a drive means; and a movable door coupled to the at least one
platform and configured o move betweer an open position iy which the plationm is gecessible o a
user-and-a ciosed posilion in which the platform is-epclosed. The apparatus further comprises control
means coupled to the drive means. The control means are configured to control the drive means to
move the drive apparatus from a current location associated with an item pickup point to a second
different location far processing by an item handling hub, in response to receiving an indication that a

foken presented by the user is 2 valid token,

In another of the present invention a mobile drive unit or mobile drive apparatus (1001) for item
handling is‘provided: The driverunit comprises a'housing comprising a miovable dosr (5001, 5003); a
drive means;; and a control means-coupled to-the drive means and to the-at least one door wherein
the control means is configured to control the drive means from a current location associated with an
item pickup point to a second different location for processing by-an item handling hub in response fo
the'reading means reading a token presented by a user In.a further aspect of the presentinvention a
mobile drive unit (1001) for item handling is provided. The drive unit comprises a housing; a movable
door (5001, 5003) coupled tc the housing; a drive means; reading means (3005); and a control means
coupled to the drive:means and to the-at least one door wherein the control means is configured to
cantrol the drive means to move the drive unit from a current location associated with an item pickup
pointto a second different location for processing by an item handling hub in response to the reading

means reading & token presented by a user.

Embodiments of the invention seek o reduce the large amount of baggage that is being manually
transported by passengers; either by hand or on baggage bolleys, inlo and through the airporl.
Embodiments of the invention automate the transfer of baggage from the passenger directly to the
Baggage Handling Syslems or to.a bag drop utility inside-the airport using an-autopomous baggage
robot, i addition to fagiiitating the bag tag and drog process ottside of the alrport building.

Specifically, embodiments of the invention;

= Reduce the amount of baggage that enters the airport. This, in turn, reduces the amount of
baggage and baggage trolleys within the airport, including dining and-retail areas-and walk
ways, making airport navigation easier.

- Reduce qusues at check-in-counters-and optimise the use-of geli-service check-in facilities,
both onling and within the airport.

~ Help-streamline the support and assistance provided to passengers with reduced mobility
and for the airport staff assigned to help these passengers.

~  Minimise ‘the. resourges: required for the maintenance and relrieval of baggage irolleys
throughout the airport.

~ Reduce aircraft delays as passengers have more time to pass through security and boarding

gates without having to handle theirbaggage resulting in easiernavigation through the airport.

PATENT
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According to. a first-aspect of the present invention, a mobile-or portable drive unit is-provided: The
initmay alfow for bag tagging and bag drop off atany location, within.a predetermingd area . which is

most convenient for the passenger or user.

BRIEF DESCRIPTION OF THE DRAWINGS

An embogdimeant of the invention will now be described, by way of example only, and with reference to
the accompanying drawings, in‘which:

Figure 1 is a schematic diagram showing the main functional components of a system
embodying the.invention as well .as an exemplary route followed by a drive unit embodying the
fnvention;

Figure 2 is a schematic diagram also showing the main functional components of a system
embodying the invention including an alternative exemplary route followed by the drive unitembodying
the invention

Figure 3 is a perspective view of the front of a user interface or scanning unit embodying the
invention;

Figure 4a is a flow diagram showing the main steps performed by an embodiment of the
invention:

Figure 4b is a flow diagram showing the main steps performed by a further embodiment of the
invention,

Figure 5 is'a perspective view of a rear view of a-drive unit embodying the invention and-an
outline front view of the scanning unit;

Figure 8 is a perspective view of a rear view of a drive unit embaodying the invention without
the userinterface unit:

Figure 7 is a perspective view of a rear view of a drive unit embodying the invention with one
of the doors in a retracted or open position;

Figure 8 iz a perspective front view of the drive unit and a rear view of the user interface unit;

Figure 9 is a plan view of the drive unit from above

Figure 10 is a view of the underside of the drive unit;

Figure 11 is a view of the rear of the drive unit with some of the exterior housing removed
showing some selected internal components of the drive unit;

Figure 12.is a view of the front of the drive unit with some of the exterior housing removed
showing some selected internal components of the drive unit;

Figure 13 is side view of some selected internal components of the drive unit showing the
door mechanism including pulleys cable, and rail attachment for one of the doors; and

Figure 14.is a schematicview illustrating the operating principle of the door mechanism for
one ofthe doors.
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The following description is of 2 system, apparatus, and method of operation.of a drive unit for use in
the aviation industry, but this is examplary and other applications of the invention will also be
discussed. Far example, embodiments of the invention find application in the travel industry in general

for example rail, air, coach industries and the like:

Further, the system, apparatus-and method embodying the invention may be used in-any environment
where a user transfer one or more items or bags at an interchange, hub or depot. For example, the
method and system may find application in the mail, cargo, and parcel industrigs in addition to the
handling of baggage at airports and other transportation hubs. Thus, the drive unit may transpor any
items be transported on behalf of passengers or shippers such as suitcases, cardboard boxes,

wrapped objects and so on.

In the embodiments described below a mobile drive unit or mobile drive apparatus 1001 is provided
for iterm bandling. The drive apparatus comprises at least one platform for supporting an item; a drive
means; and a movable door coupled to the at least one platform and configured to move between an
open position in'which the platform is accessibie to'a user and a closed position in which-the platiorm

is enclosed.

The apparatus further comprises control means coupled to the drive means.. The control means are
configured to-control the drive means to move the drive-apparatus from a current location associated
with an item pickup point.to a second different location for processing by an item handling hub, in
response-lo receiving an indication thata loken-presented by the user is.a valid token. iInthis way,
the apparatus may transport an itemof the user, such as an item of their lLiggage, along a predefined
route directly in response to having determined that they have a valid token. For example, if the user
is an airline passengerand the drive apparatus is located at or close to a specific airport, then'the user
may-present a token in the form of a boarding pass for a-flight they have booked to take from that
airport, and the drive apparatus can'be used 1o transport the user’s ltiggage 1o a baggage hanidling
hub, in response to having received an indication that the presented boarding pass is valid.

As described below in respect of Figures 1 to-14, there are a number of ways in which the control
means can receive anindication that a token presented by the tser is & valid token. For example, as
described in respect of Figure 5, the drive apparatus may comprise an interface unit 3001 that gan
extract data from a token presented by a user. The extracted data can be compared with stored data
and a determination can be made-as to whether or not the tokenis a valid token. The determination
may be based on one of more matches being identified between the extracted data and the stored
data. The stored data may be'data stored on the mobile drive apparatus 1001. Alternatively or
additionally, the mobile drive-apparatus may be communicatively coupled with a remote computer or
server, such as a departure control-system, and the stored data may reside on said computer or
server. The.coupling may be via a wired or wireless communication means. In this latter case, the
mobile drive apparatus 1001 may send the exiracted data to the computer or server, so that the
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computer or server may perform the determination and send the mobile drive apparatus a
communication indicating whether or not the token has been determined to be a valid token.

Figure 6 depicts an. alternative embodiment to that which is described below in respect.of Figure 5.
In particular as described below in respect of Figure 6, the mobile drive apparatus may be
communicatively coupled to a kiosk. The kiosk may comprise a user interface unit that can extract
data from a token présented by a user. In this case, the moblie drive apparatus may not'comprise a
user interface unit. Conseguently, in the Figure 6 embodiment, the mobile drive apparatus may
receive an indication that a token presented by the user is a valid token, by way of receiving a
communication from the kiosk indicating that the token has been authenticated or determined to bea
valid token. The kiosk may perform the determination by comparing data extracted from token with
data stored at the kKiosk. Alternatively, the kiosk may be in wired or wireless communication with a
computer or server, such as a departure control system, and the stored data may reside on said
computer or server. In this case, the determination may be performed at said computer or server.
As-noted gbove, a'determination’can be made as-fo whether or not the token is & valid token. by
comparing data exiracted from the token presented by the userwith stored data: The determination
may be based on one or more matches being identified betwsen the extracted data and the stored
data. The extracted data and/or the stored data may contain data in at least one of the following fields:
a format code, number of legs encoded, passenger name, slectronic ticket indicator, aperating carrier
PNR:code, from city-airport code, o city asirport code, operating carrier designator, flight number date
of fight, compartmant.code, seat number; checkin sequancs number,. passenger status, marketing
carrier field, sequence number field, a class name, atickettype name, (such as electronic or paper),
boarding time, boarding gate number. This data’ may be decoded inta an.alpha numeric format.

Referring now to Figures 1 to 3 of the drawings, the system may comprise a drive unit or robot, 1001
anda scanning unit or user interface unit:3001. Usually, each of the drive unit 1001 and user interface
cormiprise a'separate processor configlirad to control the drive unit and user interface respectively. For
example; the user interface 3001 may comprise a fanless processor. The user interface unit processor
may: be located inside & housing-of the interface unit 3001..Similarly, a separale processor may be
located within the drive unit. Usually, the drive unit processor is located within a housing towards a
front end of the drive unit in close proximity to housing or hatch 8001. However, a single processor
may be provided which may perform the functions of the drive unit processor orfand user interface
unit processor.

As best illustrated in figure.§ of the accompanying drawings, usually the drive-unit 1001 comprises an
integral user interface unit 3001, However, having a drive unit 1001 with integral user interface is
optional, and a physically separate user interface unit 3001 may be provided, separate from the drive
unit. Such a drive unit is illustrated in figure 6 of the drawings and shows an exempilary drive unit 1001
without user interface unit. In this example, a separate user interface unit may be provided as partof

PATENT

REEL: 054802 FRAME: 0440



10

15

20

25

30

35

40

RI72805. WO

9

a kiosk, for example, which is communicatively coupled to one or more drive units 1001 via wireless

or wired communication protocols.

Further; in the-embodiment shown in figure 5, each of the outermaost side panels 5005 is transparent
so that the interior of each of the hold compartments 7001, and their contents, if any, may be seen
from the outside.

The user interface-3007 unit may comprise-a-wireless communication means-such-as-a transmitter
and receiver which allows the user interface unit 3001 to communicate with any one or more of a
departure control system 1003, the drive:unit 1001, and a ceniral server 1007, portable communication

device 1009 or other remote system.

in one'specific exemplary implementation, communication between the drive unit 1001 or platform
and the user interface unit 3001 may be performed by means of wired 24V inputs orfand outpuis.

The foillowing input and cutput control signals may be-defined.

From user interface to drive unit

s A.control signal having a value.of "1 may indicate that the user interface is active (8s a
response o activating the interface unit). A control signal having a value of "0" may indicate
thatthe user interface is inactive:

¢ A second controlsignal of "1" may relate to:a command originating from the user interface
which instructs the drive Gnit or platform to open one of the doors A value of 0 may relate to
a command-originating from the userinterface which instructs thedrive unit.or platfornyto
close one of the doors. Two different control signals-may be provided to allow independent
control of the two doors.

= A “HeariBeal” control signal may be defined which concerns continuous communication

between user interface and drive unit.

From drive unitto the user interface

»  Afourth control signal of “1" may relate to a command originating from the drive unit ingtructing
the-user interface to-activate. A 0" value may be used by the drive unit to-acknowledge that
the:user interface is inactive{message S&FIsActive).

s A fifth control signal of “1” may be used ‘o indicate whether Luggage is on the platform. A
value of *1" indicates that luggage s.on the platform. Avalus of 0 indicates that no luggage is
on the platform or drive unit-Alternatively or in addition-to-the fifth controlsignal,a signal may
be praovided to'communicate the weight of the item ‘on the platform’ This signal may be an
analogue-or digital signai,

e Asixth control signal may have a value of 1 which indicates that one of the doors is open. A

value of 0 indicates that the door is closed.
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s Aseventh control signal may indicate whether the platform or drive unit is operational. A value
of 0 indicates an error and that the drive unit is not operational. An eighth control signal may
relate to a “HeariBeal" continuous: communication between the drive unit and the user
interface.

In the hearbeat mode of continuous communication: between the drive unit and the user interface,
each device regularly switches a signal, which is read by the second device. If the second device does
not read any change before a timeout, then-the communication is considerad wrong and an error is
raised. The switching period may be 50ms and the timeout may be 500ms.

Referring once-again o the schematic diagram of figure 1, the departure control systerm, DCS 1003
may optionally comprise:a local or remuotely stored database 1008, Usually, the depariure control
system resides on a computer or server which is communicatively coupled, via wired or wireless
communication means, such as a transmitter or receiver, to the drive unit 1001. Alternatively, or in
addition, the departure control system may be communicatively coupled to a central server or
computer 1007 which may ba communicatively coupled o the drive unit 1001 as'well as oneor more
additional drive-units, not-shown in figure 1. In any event, the departure control system may also be
communicatively couplad to a ticketing orfand sales control system which controls the saleof tickels:

The database 1005 may be stored on a writeable or rewriieable storage medium such-as hard disk or
solid state storage means such as fiash drive, ROM, RAM, or other storage means which will be known
to the skilled person, such as cloud storage. The database usually comprises passenger data
associated with a passenger who has previously booked or made a reservation for a ticket for travel
on a particular scheduled flight operated by an airline. Such departure control systems and ticketing/
sales control systems are well known to the skilled person, and therefors will not be described in
further detail. The DCS may comprise a server or computer hardware coupled {o the storage medium.

The:drive unit 1001 orfand user interfage unit 3001 may comprise computer hardware or:software
which when executed undertakes one or more predetermined mathod steps, which will be described
in further detail with reference to Figures 4a and b of the drawings. The software may comprise one
or more modules which may be communicatively coupled to the central server 1007 for example via

a bus orvia other wired or wireless communigation means.

The central server 1007, which may be coupled to a control center 1009 may comprise ong or morg
of an application programming interface, AP, 105. The AP! may be configured to provide one or more
modules for central management of a flest of drive units. A control module may be provided which
allows an operator to-monitor the current location of the drive-unit. The control unit may also be
configured o change a routs foliowed by the drive unit if neeged. Further, fauits ocgurring on a drive
unit which prevent it from parforming atask may be transmitted to the server 1008 orfand to the control
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center 1008, Similarly, any damage or errors associated with a drive unit may be transmiited to the
ceniral server 1007 or/and control center 1009.

The system may further comprise a poriable:-or mobile communication device, or other user devige
1009 such as mobile telephone, tablet, laptop, or other communication device which may
communicate with the server 1007 or directly with a drive unit 1001 using wired or wireless
communication protocols (for example using Wi-FIR™  third generation (3-G) or fourth generation (4-
G) wireless protacois) which will be known to the skilled person. Usually, the communication device
1008 is associated with the passenger who has made a reservation for a ticket for a journey between

an origin and destination.

The system may further comprise a control center console 1008, which may comprise computer
hardware or software or both. The console 1009 is usually operated airport management services and
allows the airport to manage beacons within a particular area or airport. However, individual airlines

may also operate the control console.

The web console 1008 usually resides on a separate computer or server, but in principle may be part
of central server 1007. The web console 1008 may comprise software or hardware which when
executed :may perform one or more of the method steps deseribed with particular reference fo the
control center. The web console may be communicativaly coupled to the server 1007 and in particular

to the departure control system 1003.

Referring now to the flow diagrams of Figures 4a and 4b of the drawings, the main steps performed
by two embodiments of the: invention will now be described. This assumes-that a passenger has
arrived at'a parking fot 1011 or other item drop off location. This may be close to a predetermined
region 1013 within an airport precinct or drive-unit 1001 base station, which may be within the airport
building or external to the airport building. The base station may include facilities for battery charging
in addition to a wired or wireless-connectivity for software or map updates; or-other connections; but
these are of course optional. The drive unit usually resides at a base station in a wait mode in which
itis ableto receive wired or wireless communications from external systems; such as the user interface

anit 3001 orthe ceniral server 1007, or mobile communication devics 1009.

At step 4001, a pasaenger may optionally summon the drive unit 1001 fo their current location using
separate Kiosk or user interface unit 3001, Alternatively, this step may be performed by a user
faunching an application on the mobile device 1009. The application and/or kiosk may use wireless
communication protocols (such as Bluetooth or Wi-Fi) to communicate directly with one or more drive
units. in the vicinity of the passenger or may communicate with one or more drive units via the central
server 1007. In the latter case, the central server communicates with drive unit. The application or
kiosk may communicate location data defining the location of the mobile communication device,
determined for example using GPS. Other methods of locating the mobile cormmunication device will
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be known to the skilled persan. For example, the device may use triangulation to delermine its current
location. The device may store a predetermined list of areas or airports which are equipped with one
or more drive-unit base stations along with an.associgted location foreach area or airport equipped
with the ang or more base stations.

in response fo. receiving the location of the user, the cenlral server or user interface unit 3001
compares the iocation of the drive unit to a database comprising data defining the location'of oneor
morg drive units, Based on the comparison, a driveunit which is closest to the passenger proceeds
to the current location of the mobile device 1008.

Alternatively at step 4001, the passenger may approach the predetermined location or drive unit base
station 1013 where one or morg drive units reside in a wait mode.

in either case, the passenger may optionally touch a touch screen 3003 associated with the user
interface 3001 to start the bag or item handling process. Alternatively, the user interface unit 3001
may be provided with a proximity sensor such as a passive infra-red, PIR, sensor to detect an
approaching passengar. In one example, the robot may wait in a wait mode with one of the doors
5001,.5003 in the open position without the need to detect the present of a passenger with the PIR

sSensor.

in any event, at step 4003, one of the processors, such as the drive unit processor or the user interface
unit processor sends an activation signal to cpen ong of the doors 5001, 5003. This:may be perormed
using one of the door actuators or motors 12013 or 12015, described in further detail below.

The user interface unit 3001 may then optionally display on the touch screen an invitation for a
passenger to place a bag in one of the hold compartmenis 7801, 7003. This may be-in response to
the processor receiving acontrol signal confirming that one of the doors has beer opened.

The passenger may then'place an item in one of the hold compartmenis 7001, 7002. The drive unit
procassor or user interface unit processor may then detect, at step 4005 that an item has been placed
in one of the hold compartments. This may be performed using a weighing sensor or means, such'as
for example, a piezoelgectric weight sensor. Thus, the unit may detect that a bag has been placed in a
hold compartment. An optional further check may be performed to determine the weight of the bag
and whetherthis exceeds a predetermined threshold.

In response to the unit detecting that an item has been place in one of the hold compartments 7001,
7002, the user interface unit 1001 may display on the screen 3003 an invitation for a user o scan a
token. Usually, the token is a boarding pass or bag tag associated with a passenger who has bocked

a flighton an airline carrier
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The passenger then scans the token. At step 4007, an optional check may be performed to determine
whether the token is valid. This optional validation step is described in further detail with reference to
the flow diagram of figure 4b of the drawings. In one exampie, the user interface unit processor may
compare data encoded in the token with storeddeparture control data, such as PNR data, which may
be stored locally on the drive unit or scanning unit or alternatively may be remotely stored on a remote

depariure:control system.

At step 4009, in response to the user scanning the token, a bag tag is printed using the bag tag printer
3008. Usually.-an additional check is performed to determine whether or not the bag tag should be
prinied. The additional check is also described with reference to figure 4bof the drawings. Once the
bag tag has been printed, the user interface may display an invitation for the passenger to affix the
bag tag to the item placed in one of the hold compartments 7001, 7003. The user may then
subseguently interact with the touch screen 3003 of the user interface unit to confirm that the
passenger has altached the bag tag to the item.

At-step 4011, in response to the user confirming that the bag tag has been attached, the drive unit
processar or user inferface unit processar sends a control signal to one of the door actuators or motars
12013 or 12018 to close the door.

At step 4013, a receipt is printed by the bag tag printer 3013. Subsequently, the drive unit navigates
to g predetermined baggage handling location, at step 4018, This may be performed using the ANT®
navigation system, as well as using the motors 11003, 11005, and is described in further detail with

reference to the flow diagram of figure 4b.

Finally, at step 4017, one or more of the doors are opened by the drive unit processor upon reaching
the predetermined baggage handling location. This may be done in response to one of the processors
determining that the drive unit has indeed arrived at the predetermined location. The one or more
doors-may be opened in a similar way to that described with reference to step 4003. The drive unit

may then subsequeantly return to the starting point.

Referring now to the flow diagram of Figure 4b of the drawings, the main steps performed by-a further

embodiment of the invention will now be described.

As previously described with reference 1o the flow diagram of figure 4a, at step 4001, a passenger
may optionally summon the drive unit 1001 to thelr current location using separate kiosk or user
interface unit 3001 or alternatively at step 4001, the passenger may approach the predeterminad
loeation-ordrive unit base sialion 1013 where gneor more drive unilsreside in g wail mode

In either case, the passenger may optionally touch a touch:screen 3003 associated with the user
interface 3001 to start the bag or item handling process. Alternatively, the user interface unit 3001
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may. be provided with a proximity sensor such: as: a passive infra-red, PIR, sensor to detect an
approaching passenger. in one example, the robot may wait in a wait mode with one of the doors
5001, 5003 in the open position without the need to detect the present of a passenger with the PIR

SEnsor.

In-any event, the passenger may scan a token such as boarding pass or bag tag using the scanning
unit 3005. Thus, the scanning unit reads a token presented by the user, at step 4103. This step may
be performed in response to the user interacting with the user interface unit, for example, by touching
the-touch-screen. Further, the userinterface may display an invitation to.a passenger or userto.scan
the token.

Usually, the scanner is 3005 is configured to read a 2Z-dimensional or 3 dimensional barcode
associated with the boarding pass orf bag tag. However, the.scanner may be configured o recognise
Alpha numeric characters using an Optical Character Recognition, OCR algorithm which will be known
tothe skilled person,

The token may be a paper token such as a printed.boarding pass or bag tag. However, it will be
appreciated that any token, such as an electronic boarding pass encoded with data defining a
passenger-and.optionally ene.or more of a flight number, departure airpor}, arrival airport, departure
date, and departure time may beread,

At step 4105, a determination is made as to whether the passenger has presented a boarding pass
orbag tag. The user interface unit may distinguish between the bag tag and the boarding pass based
on the format data encoded within the token. For example, the userinterface unit may distinguish
between the boarding pass and bag tag basad on the format of the barcaded data: For exampls, a
Bag Tag usually comprises a 1-dimentional bar code. For example the bar code may be 2 1
dirmensional 2-out-of-5 interleaved, 10-digit bar code as defined in an IATA PSCRM resoittion 740. A
boarding pass usually comprises a2-dimensionalbar code. For example, a boarding passmay include
a pdf417 (2D) barcode (for printed boarding passas) or QR codef Aztec’ Datamatrix code as defined
in {ATA PSCRM resolution 792,

if theruser interface unit determines that apassenger has presenteda bagtag, then the user interface
unit may decode that information within the bag tag, and this information is usually in the form of a bar
cade: The data encoded in the bar code which may be printed the bag tag may comprise a 10-digit
License Plate Code; LPC. The license plate code may be used o query the DCS in-order to retrieve
the passenger name record data, PNR data. The data may comprise any one or more of a passenger
name, flight number, destination airport code, arrival airport code, and may be stored in the DCS.
Thus, a validation step may be performed to check that the bag tag presented by the passengeris a
valid bag tag.
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Usually, the PNR data retrieved by the userinterface unit comprises a passengername, ticket number,
itinerary and so an, However, the dafa retrieved may depend on the interface offered by the DCS
although usually the data comprise a complete PNR which contain all the information relevant to the
handling of the passenger-and related bags:

Alternatively, if the user interface unit determines at step 4105 that the user has presented a boarding

pass, the information encoded within the boarding pass may then'be decoded.

Regarding the data which is read from the boarding pass when itis decoded by the user interface Unit,
usually the user interface unit may read the complete boarding pass siring as defined by the IATA

standard outlined above.

For example, the unit may read any one or more of the following fields: a format code, number of legs
encoded, passenger name,; electronic ticket indicator, operating carrier PNR code, from city airport
code, o city airport code, operating carrier designator, flight number date of flight, compartment code,
seal number, checkin sequence number; passenger status, marketing carrier field, sequence number
field, a class name, a ticket type name, (such as electronic or paper), boarding time, boarding gate
number. This data may be-decoded into an alpha numeric format.

Any of this information may be optionally be verified against the PNR information. The eligibility check
based on depariure airport code may be performed at an early stage of the bag drop process (even
before communication with the DCS takes place) to check that the passenger is eligible to drop a bag

at the drive unit.

Any one or more of these decoded fields may be compared to corresponding data storad in the airline
DCS to validate it or confirm that there is-a match, and thus determine whether or not the boarding

passis valid.

Of course, the user interface Unit may be optionally configured according o airline preferences to
optionally perfornythe above comparison.

fn one example, the user interface unit requests the same data from the DCS irrespective of whether
a user presents @ bag tag or boarding pass is presented. in other words, the response to the
Passenger Identify call is identical.

Thus, passenger data may be retrieved by using the data in the (boarding pass) barcode o lookup

the passenger in the DCS.

In order to compare the data in the barcode to lookup the passenger in the DCS, some departure

control systems may only need {o use any one or more of date, booking reference (or PNR record

PATENT

REEL: 054802 FRAME: 0447



10

16

20

25

30

35

PI72805 WCO1

16

locator) and passenger name data. Other departure control systems may require more information or
allow other typas of PNR searches (g.g. by checking for LPC or combination of flight number, seat
numberand flight date:

in addition to distinguishing between the type of document or token presented by a user, the user
interface unit may distinguish between-a 1-stop process (where a bag tag is printed at the user
interface unit or bag drop) or-a 2-stop process {(where pre-fagged bags are accepted and the unit does
not print a bagtag)

Regarding the 2-stop mode, the user interface unit software determines whether to print a bag tag or
not by looking for-existing, or in other words ‘inactive’ bag tags-in the-Passenger Name Record which
it retrieves from the airline host (DCS). If inactive tags are found, the user interface unit does not print
a new tag. Thus, in the 2-stop mode, usually an agent will-have pre-printed a bag tag or a user may
have previously printed the bag tag at a kiosk. In this mode, a passenger scans with the handheld
scanner-a pre-printed bag tag and then:the unit-verifies that the scanned bag tag number is-present
in the. passenger-data in the DCS. If the bag tag number cannot be matchad to the passenger, or the
bag tag has-already been activated, the unit may-abori the bag drop process by providing a-suitable
message to the user.

In the1-stop mode, if the userinterface unit determines that no tagsor only active tags-are stored in
the associated PNR. Theuser interface unit then requests the DCS system to assign a bag tag number
which is communicated back to the user interface via wired or wireless communication protocols, and
the bag tag printer 3009 prints the bag tag, at step 4107. Usually, the bag tag printer a one dimensional
bar code. The code may comprise a 10-digit License Plate Code, LPC:

Thus the 1-stop mode may be favored by a passenger since.it allows for a simpler process by the
passenger, without the need to print a bag tag before depositing an item at the drive unit. One
advantage of the userinterface unit is that it can distinguish between bag tag and boarding pass and
determine whether or not {o print 2 bag tag. Further, if the user interface unit determines that a
boarding pass has been scanned, a further determinatian of whether ar not to print a bag tag may be
made by wirelessly querying a departure control system to determine a bag tag status stored in the

departure control system.

in either case, the user interface unit 3001 communicates with the departure control system via the
wired or wirgless communication means to look up data defining the passenger, such as the
passenger name, in the departure control systemn 1003. Thus, a comparison is made between the
passenger data read from the {oken and the passenger data stored in the DCS database: Usually, a
name comparison is performed, but if multiple matches are found in the DCS database, an additional

comparison between the departure date and time, and the current date and time may be performed
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to find a unique match between the data encoded within the token and the data stored in the departure

control-system.

Subsequently, the procassor coupled to the user interface unit 3001 receives, usually via a wireless
communication means, the passenger data retrieved from the departure control system 1003, such

any one or more of the passenger's name, flight number, and baggage allowance.

At this stage, the processor coupled to the user interface unit may additionally request a passenger
identity document, such 85 g passport or identity card to be presented and read by the scanning unit
or reader 3005, This has the additional benefit that tems may only be processed if the data:-held in
the departure control system or/and the data read from the presented token {e.g. boarding pass or
bag tag) maiches the data encoded in the identity document. This information may be encoded in a
machine readable zone, MRZ of a passport or identity document; and gptionally may be encoded:in a
chip embedded in the user identity document: The data encoded in the chipsmay be read using a
wireless communication protocol, such as nearfield communication, NFC which will be known to the

skilled parson.

in this way, the name on the identity document may be compared with the name data in the passenger
data retrieved from the departure control system orfand the data read from the token présented by the

passenger.

Theuser interface unit may-comprise an optional printer 3013 for the printing of a claim tag including
bag tag data which rﬁay be used in the svent that an'item is lost. The user interface unit 3001 may
also comprisean oplional payment terminal in for processing any payments in the event that baggage

fees are due.

At this stage. a further optional security step may be performed by taking an image of the passenger
with the camera 3011. The user interface unit processor 3007 may compare the image of the user
withi biometric data stored on the passport. Thus, item processing may only proceed if the user
inferface unit processor determines that the image of the user matches the biometric data stored in
the passport. The'user interface unit processor 3007 may use known image comparison algorithms to
compare key foatures of the hwo images which may be determined using a scale invariant feature
transform, although other aigorithms will ba known 1o the skilled persan.

If the token provided by the passenger matches the data stored inthe departure control system, the
user interface unit processor:3007 may send a control signal to the drive unit processor to open ong

or more of the drive unit doors 5003, at step 4109, as previously describad.

Further details of the door mechanisms as well as their controllers and associated control processar
will be described with reference to figures 5 to 13 of the drawings. Figure 7 of the drawings shows a
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perspective view of the drive unit with one of the doors open. In this configuration one door'is retracted

so'that it is positioned under the other door:;

The passengerthen places the luggage or bag in the hold compartiment 7001 of the drive unit 1001,
shown in figure 7 of the drawings, after attaching the bag tag, if necessary. The drive unit may hold at
feast 2 pieces of standard luggage of dimensions 88Gmm *500mm-"400mm. [twill be noted that in
the exemplary drive unit 1001 shown in figure 7:that two separate hold compartments 7001, 7002 are
provided and each separate hold compartment 7001, 7002 is separated by a wall or partition 7003.

Each movable door of the drive apparatus is coupled to a respective platform and configured to move
betweer an open position in which the respective platform is accessible to a user and a closed position
in which the respective platform is enclosed. Each movable door and its corresponding platform thus
help fo form an enclosed compariment for storing one or more items, ‘such a8 ore or more bags of
luggage, of a user. The one or more enclosed compariments may be formed solely of a platform and
arespective movable door. Alternatively, the one or more enclosed compartments may be formed by

other components of the drive apparalus, such as one or more walls or partifions.

One particular benefit of the sliding door arrangement shown in figure ¥ of the drawings is that, in
principle, any number of separate or isolated hold compartments may be provided and that each
compartment may be easily accessible by the passenger.

Thus, a drive-unit-1001 comprising 3 or more hold compartments may be provided wherein sach of
the outermost two comipariments is each adjacent to a different first and second partition: and wherein
the innermost hold compeartment-is adjacent to-the first-and second paritions. In the-embodiment
shown in figuras 5 to 9 of the drawings each door is |-shaped in section, so that a first planar portion
of the door extends {o-cover-one face (such -as the top face or substantially horizontal face) of the
drive unit and .a second planar portion extends to cover a second different face (such as a side face
orsubstantially vertical fage) of the driverunit. Thus; having a door comprising first and second planar
portions arranged to extend in different planes means that the drive unit ‘has easily accessible hold
compartments. In one specific: example, the first and second planar porlions are approximately
perpendicular to one ancther.

Further, each hold compartment may be associated with a door which corresponds o the opening
size of each partition. The processor associated with the drive unit 1001 may be configured to
independently contro! each of the doors betweer an open position in which the door is retracted below
or above another door so that the hold compartment is accessible by a passenger to position a piece
of luggage in the hold compartment.and ‘@ closed position in which the hold compartment is not
accessible from the exterior of the drive unit by ‘a passengerorother person.
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The passenger may then confirm, using the user interface unit 3001, that the bag is correctly
positioned within the hold compartment and that the door 5003 may be moved from the open position

to the closed position, at step 4111, and as shown in figure 5.

Either before or after the door is closed, the drive unit processor may detect, Using a weighing sensor,
such as for example; a piezoelectric weight sensor, that a bag has been placed in a hold compartment
and a further check may be performed to determine the weight of the bag and whether this exceeds

a predetermined threshold
Anoptional receipt may be printed for the passenger with printer 3013

At step 4113, the drive unil processor determines the location of the drive unit. This may be performed,
for-axample using GPS or by triangulation of wirsless communication signals. Further, the robot may
navigate using the laser scanners which detects features or obstacles and navigates around them:

The processor then compares the location to ong or more waypoints 1015, 1017, 1019 associated
with a predetermined route 1021 from the base station to the baggage handling location 1023. Usually,
the drive unit processor selects the waypoint closest to-the current location and determines the drive
vector (i.e. direction and distance) to'that location. The drive unit then moves 1o the closest waypoint
at step 4115. Once at the one of the waypoint, the drive unit then controls the differential drive
mechanism (for example the motors, described in further detail with reference to figures 10 to 12 of
the drawings) so that the drive unit follow the predetermined course or route 4017 based on a
comparison of the current know drive unit iocation and the location of the waypoints making up the

predetermined route.

The drive.unit may be provided with-an ANT® navigation unit. This allows the processor o determine
a position or location of the drive unit, and to control the movement of the drive Unit along one or more
predetermined virtual paths. Such a navigation units are available from BlueBotics SA, of Jordils 418,
CH-1025, 8t-Sulpice, Switzerland.

inone example, each drive unit 1001 may comprise a'memory (stichas a ROM, RAM, or flash memory
for example) forstoring a plurality of predetermined, different routes or paths.

Each of the plurality of predetermined paths may share a common origin orfand destination. For
example, as shown in figure 2.of the drawings, the two different predetermined training paths 1021,
2021 share a common origin (i.e. the start of each paths arg associated with the same location) but
each route or path is defined by one-ormore different waypgints. This may have the benefit that if an
obstruction is detected by laser scanners 10001 or 10003 inthe selected path, that an alternative path
may be selected to-avoid the obstruction while still arriving at the destination. An OMRON™ |aser
scanner may be used for object detection/ localization such as modet 0SS 32C-8P1.
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At step 4019, once the drive unit has arrived at the destination, an operator may open one or morg of
the doors. In one example, a lockable hatch B0O1 is provided which is accessible with a key by
authorised baggage handling operators, and one of the doors may be opened by a'door control switch:
Alternatively, the drive unit or user interface unit processor may detect whether the drive unit has
arrived at the predetermined location and only open one or-more of the doors if the processor
determines that the drive unit has arrived at the predetermined destination.

As shown in figure 8 and 9 of the drawings, the drive unit may comprise one or more buttons or/and

indicators.

Acred emergency stop button 9001 may be provided atithe front of the drive unit. Further, an additional
pushbutton 9003 located underneath may be provided which provides the function of resetting the
drive anit after the emergency button has been pressed and released. 4 indicators may also be
provided. A first indicator 9005 is a batiery indicator which, when iiluminated indicates that the battery
level is too low. A second indicator 8007 provides an indication of whether the navigation system is
correctly functioning. For example if the ANT® navigation system is notl funclioning correctly for
example because the platforny is lost,a communication error with-the motor drive has ocourred, then
this'indicator may be illuminated. A third indicator 8009 may be provided which indicates whether the
emergency button has been pressed or whether an obstacie detegted in the safelyzong of the feser
scanner A fourth indicator 8011 may be provided which, when illuminated, provides a power indication

of when the platform is powered on.

A maintenance interface may aiso be provided, under-the hatch 8001. The interface may include an
Ethernet configuration port, as switch to control manual control of opaning and closing of the left door
5001. a switch for manually controlling movement of the platform when pressed, a switch for manual
control of the opening and closing of the right door 5003, and a main power switch.

Once-an operator has unloaded the luggage, the drive unit processor closes the door. This may be'in
response fo the processor detecting, using the weight sensor, that a bag has been removed from one
or both-of the-hold compartments 7001, 7003. The drive unit processor may then-control the-motors,
descrived in further detail with reference to figures 10 to 12 of the drawings, so that the unit follows
the predetermined route back to the base station to await further bag drop.

Further functional aspects of the drive unit will now he described with-reference to figures 10 to14 of

the drawings.
As best lllustrated by figure 10, the drive unit comprigses 2 driving wheels 10005, 10007, which arg

positioned approximately in the centre of the drive unit 1001 measured in a lengitudinal direction from
the front to'the rear of the robot i the direction of travel. A first motor 11003 coupledio the first wheel
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10005 and & second motor is coupled to 11005 is coupled to the secord wheeal 11007, The drive unit
may also comprise an exiendible charging cable 10013 which may exiend from the drive unit to a

power source.

The drive unit comprises at least one battery unit. and preferably, a split battery arrangement is
provided. As best illustrated by figure 11 a first battery 11001 may be positioned a few centimetresin
frontof the axis of rotation of each'wheel, towards the centre of the schematic base plate 11007 shown
in figure 11. The battery or cell may be a 24 Volt; 177 Ah cell and may have a weight of about 60kg
each. This may provide between 4.and 12 hours of operation without.charging dependent upon use.

The first battery 11001 is usually positioned so that it approximately lies in.the same plane as each
wheel 10005, 10007, and each-associated driveemotor 11003, 11005, The drive motors 11003 11005
may form a differential drive-unit-which may be controlied by the processor associated with the drive
unit (not shown in the drawings). A second battery 11009 may be positioned towards the front of the
drive unit, as best illustrated in figure 11.

The split battery-arrangement means: that the drive-unit is substantially equally balanced around the
pivot axis of the two wheels 10005, 10007.

Referring now fo figure 12 of the accompanying drawings: further details of the door closure.and
opening mechanism will be described. A plurality of double pulleys 12001, 12003, 12005, 12007,
12008, 12011 may be provided. In this-arrangement each pulley of the double pulley arrangement is
able-to rotate freely, and independently.of the other pulley. The double pulleys 12001, 12003, 12005,
12007 are positionad close to the base portion 1107 of the drive unit close to the outermost corner of
the.drive unit. One-of the pulley of the double pulley: arrangement 12003 is-coupled to a first motor
12013 so that when the motor rotates 12013, the wider, and lower pulley shown in figure 12 rotates
moving the cable 12017. The cable-passes-over the one of the two pulleys of each of the double pulley
arrangements 12001, 120056, 12007,12008, 120011 which are freely able to rotate, and consequeantly
transfers finear motion at the bottom rear of the robot indicated by arrow 12018 to a linear motion at
the top front.of the drive unit as indicated by arrow 12021. Thus, by coupling one of the doars to a rail
in close proximity to arrows: 12019 and arrow 12021 one of the doors may be moved froman open
position to a:closed position and vice versa byactuating 2 singlemotor 12013 Assimilarmechanism
and second cable, not shown in figures 12 or 13 is provided for opening and closing of the second
door, and ance again, a single motor may be actuated to which is transfated into a sliding movement

by the pulley and cable means;

Finally, figure 14 of the drawings shows a schematic illustration-of the door actuator mechanism. In
this figure only a single cable is shown forclarity, and the coupling of the cable to the each of the two
rails 14001, 14003 is aiso illustrated ’

In one-spacific example, the drive unit may meet the following technical specification:
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General
1.1 Max dimension: 1600 x 1100 x 1600 mm (L x W x H)
1,2 Autonomy: minimum-4h, optimal 12h
1.3 Battery charging via cable
1.4 Scan&Fly integration on the platformy:
+ Top of Scan & Fly unit not higher than 1.50m
e 35-45cm space between Scan & Fly and user to place the suitcase
& Display inclined of 10°+/~ 1°
Mobility
2.1 Max speed: 1 mis
2.2 Ability to-move forward and backward
2.3 Ability to turn on the spot
2.4 Max slopes: 3%
2.5 Max steps to overcome: 10 mm
2.5 Max gaps to overcome: 10 mm
Parception
31 360" safety by way of 2 safety laser scanners
3.2 Laserscanner plane-at 100mm +/-80mm from ground
3.3 No perception above the laserplane
3.4 No perception below the laser plan
3.5 No detection of holes {staircases, sidewalks, efc.)
Navigation
4.1 Path-following and obstacles avoidance available
4.2 Manual movement by joystick possible
Luggage compartment
51 Platform able to carry two standard luggage (800 x 500 x 400 mm, 32 kg)
5.2 Floor height of luggage compartment: max 300 mm
5.3 Manual loading and unloading
5.4 Door movement-automatic and manual (via push butfons)
5.5 Door locking: automatic

From the foregoing, it will be appreciated that the mobile communication or ¢lient device may include
a computing device, such as a desktop computer, alaptop computer, a tablet computer, a personal
digitat assistant, a mobile teélephong, asmartphone, an internet enabled television, an interngt enabled
television receiver, an internat enabled games console or a portable games device.

The server may comprise a2 computer processor running one of more server processes for
communicating with client devices. The -server processes comprise computer readable program
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instructions.far carrying out the operations of the present invention. The computer readable program
instructions may be or-soutce code or pbiect code written inor in‘any combination of suitable
programming ianguages including procedural programming languages such as-C, object orientated
programming languages such as C#, C++, Java, scripting languages, assembly languages, machine
code insiructions, instruction-setzarchitecture (ISA) instructions, and state-setting data.

The wired or wireless communication s networks described above may be public, private, wired or
wireless network. The communications nstwork may include one-or more of a local area network
{LAN), a wide area network (WAN), the Internet, a mobile telephony communication system; or a
satellite communication system. The communications network may comprise any suitable
infrastructire, including copper cables, optical cables or fibres, routers, firewalls, switches, gateway

computers and edge servers.

The user interface described above may comprise a Graphical User Interface.

Embodiments of the invention may include an on-screen graphical user interface. The user interface
may-be provided, for example, in the Torm of a widget embpedded in 2 web site, as an application for a
device, or on .a dedicated landing web page. Computer readable. program instructions for
implementing the graphical user interface may be downlpaded to the client device from'a computer
readable storage medium via a network, for example, the.Internet, a local area network (LAN), a wide
area network (WAN) and/or a wireless network. The instructions may be stored in a computer readable

storage madium within the client device.

As will be appreciated by one-of skill in the art, the invention described hersin-may be embodiad in
whole orin parl as a method, a data processing system, ora computer program product ingluding
computer readable instructions. Accordingly, the invention may take the form of an entirely hardware
embodiment or-an embodiment combining. software, hardware and any other suitable approach or

apparatus,

The computer readable program instructions may be stored on a non-iransitory, tangible computer
readable medium. The computer readable storage medium may include one or more of an electronic
storage device, a magnelic storage device, an optical storage device, an electromagnetic storage
device,. a semiconductor storage device, a portable computer disk, a hard disk, a random access
memory {(RAM), a read-only memory (ROM), an erasable programmable read-only memaory (EPROM
or Flash memory), a stalic random “access memory (SRAM), a portable compact disc read-only
memory (CD-ROM}, a digital versatile disk (DVD), a memary stick; a floppy disk.

Exempiary embodiments of the invention may beimplemented as circuit board which may include a
CPU, abus, RAM, flash memory, one or mora poris for operation of connected VO apparatis such as
printers, display; keypads, sensors-and cameras, ROM, a communications sub-system such as'a

modem, and communications media.
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The floweharts of Figures 4a and b illustrate the operation of an example implementation of systems,
methods, and computer program products according to various embodiments of the present invention.
Each biock in the flowchart or biock diagrams may represent a module comprising one or more
executable computer instructions, or a portion of an instruction, for implementing the logical function
specified in the block. The orderof blocks in the diagram is only intended o be illustrative of an
exampie: Inallernative implamentations, the logical functions illustrated in parlicular blocks may cocur
out of the order noted in the figures. Forexample, two blocks shown as adjacent one another may be
carried out simultaneocusly or, depending on the functionality, in the reverse order. Each block in the
flowchart may be implemented in soflware, hardware or a combination of software and hardware.
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CLAIMS
1. A mobile drive apparatus for itern handling comprising:

a. atleastone platform for supporting an item;

b. adrive means;

¢. a movable door coupled to the at least one platform and configured to move between
an open position in which the platform is accessible to a user and a closed position in
which the platform is enclosed; and

d. aconirol means coupled to the drive means wherein the control means s configured to
control the drive means to move the drive apparatus from a current location associated
with an ilem pickup poinl to a second different location for_processing by an item
handling hub in response {o receiving an indication that a token presented by the user

is-a valid token.

2. A mobile drive apparatus according to claim 1, wherein the control means is configured fo
communicatively couple with a remote computer or server, such as a departure control system,
and receive a communication from said remote computer or server indicating that the token

presented by the user has been determined to be a valid token.

3 A-mobile apparatus according to claim 1 or claim:2, wherein the control means comprises a
user interface unit and is configured fo extract data from a token pressented by the user to the
interface unit, and determine whether the presented token is avalid token, based at least in part
on the extracted data.

4. A mobile apparaius according o claim 3, wherein the-control means is.configured to determine
whetherthe presented loken is a valid token, by comparing the exiracted data with stored data.

5 A maobile apparatus according to claim 4, wherein the extracted data and the stored data
contains data in at least one of the following fields: a format code, number of legs encoded,
passenger name, electronic ticket indicator, operating carrier PNR cods, from city airport code,
to city airport code; operating carrier designator, flight number date of flight, compartmant cods,
seat number, check-in sequence.number, passenger status, marketing carrier field, sequence
number-field, a class name; a ticket type name, {such as electronic or paper}, boarding tims,
boarding gate number;

and wherein the control means is configured to determine that thetoken is'a validtoken

when the extracted data maiches the stored data in at least one of said fields.

8. A mobile drive apparatus according to any eneof claims 3 to §, wherein the user interface unit
is configured to distinguish between different types of tokens based on a barcode format

associated with the token.
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7. A mobile drive apparatus-according to-any one of claims:3 1o 6, wherein the user interface unit
is configured o determing whether the token is-a bag tag or a boarding pass based on the

format of the token.

8. A miobile drive apparatus according to claim 7, ‘wherein the user interface unit is further
configured to decode a one dimensional numeric licence plate code associated with a bag tag,
in‘response to determining thatthe token presented by the user s a bag tag.

g A mobile drive apparatus according to claim 7, wherein the user interface unit is. further
configured to decode a two dimensional bar code associated with a boarding pass, in response
to determining that the token presented by the user is a boarding pass.

10. A mobile drive apparatus according to any one of claims 310 9, wherein the user interface unit
comprises reading means for reading a token presented by a use,

11.A mobile drive apparatus according to any preceding claim wherein the drive means
comprises a differential drive arrangement preferably comprising a first motor coupled
to-a first driving mechanism means and a second-motor coupled to asecond:-driving

mechanism means.

12. A mobile drive apparatus according to any preceding claim whergin the or a first and
second driving mechanism means are positioned approximately in the centre of the
drive apparatus 1001 measured in a longitudinal direction from the front {o the rearof
the drive apparatus.

13. A mobile drive apparatus according to any preceding claim further comprising an
electrical power source, -and preferably wherein the power source comprises a spiit

power source arrangement comprising first and second power sources.

14. A mobile drive apparatus according to claim 9 wherein the first power source is
positioned in close proximity to the axis of rotation-of driving mechanism:-means and
preferably where the second power source is positioned substantially at one end of the
drive apparatus,

15, A mobile drive apparatus according to-any preceding claim whersin drive gpparatus
comprises a plurality-of doors and wherein each door is independently moveable.

18. A mobile drive apparatus according fo any preceding claim wherein drive apparatus

comprises aplurality of hoid compariments separated by a partition.
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17.A mobile drive apparatus according o any preceding claim wherein sach door
comprises a first planar portion which extends to cover one face of the drive unit and a
second planar portion extends to cover a second different face of the drive unit, and

preferably wherein the first and second planar portions are substantiaily perpendicular.

18. A mobile drive apparalus according 1o any preceding claim further comprising a door
mechanism for slideably moving the at least one movable door between the open
position and the closed position.
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ABSTRACT
ITEM HANDLING SYSTEM, METHOD AND APPARATUS THEREFOR

A mobile drive apparatus (1001) for item handling. The drive apparatus comprises at least one platform
for-supporting an item; a drive means; and a movable door (5003,5001) coupled to the at least one
platform and configured to move between an apen position in which the platform is accessible to.a user
and a closed position in which the platform is enciosed. The apparatus further comprises confrol means
cotpled to the drive means. The control means are configured o control the drive means to move the
drive:-apparatus from 3 current iocation gssociated with an ilem pickup point 1o 2 second different
location for processing by anitein handling hub, in response to receiving an indication that a token
prasented by the user is a valid token:

[Figure 1]
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ASSIGNMENT OF INTELLECTUAL PROPERTY

£ ;

Nicola Tomatis of [ADDRESS] (the "Assignor"); and

BlueBotics SA of Rue des Jordils 41b, CH-1025 St-Sulpice, Switzerland (the "Assignee').

BACKGROUND

(A)

(B)

(C)

(E)

The Assignor is an employee of the Assignee or a related company,

The Assignor has been involved in the development of an invention relating to LEO Baggage
Robot — an Item Handling System, Method and Apparatus as more specifically described in
Scheduie 1 ("the Invention").

The Assignee has applied for a United Kingdom Patent for the Invention under Patent
Application Number 1608205.8, and filed a Patent Corporation Treaty (PCT) patent
application under Patent Application Number PCT/EP2017/061100, each entitled ITEM
HANDLING SYSTEM, METHOD AND APPARATUS THEREFOR ('the Patent
Applications”).

To the extent that the Assignor owns rights in the Invention or the Patent Applications which
have not already passed fo the Assignee by virtue of the employment relationship, the
Assignor wishes to assign such rights under the terms of this Agreement, along with rights in
all future patent applications and granted patents which disclose the invention.

The Assignor and The Assignee have agreed that the entire right, title and interest in the
Invention and the Patent Applications be assigned to the Assignee on the terms as set out
below.

AGREED TERMS

1.

1.1

1.1

INTERPRETATION
Definitions:

Assigned Rights: the Patent Appiications and all Intellectual Property Rights embodied in
the Invention and the Patent Applications, as well as in any future patent applications that the
Assignee or its assigns may wish to file, and any patents which may be granted on the Patent
Applications or such applications filed as aforesaid.

inteliectual Property Rights: patents, utility models, rights to inventions, copyright and
neighbouring and related rights, trade marks and service marks, business names and domain
names, rights in get-up and trade dress, goodwill and the right to sue for passing off or unfair
cornpetition, rights in designs, database rights, rights to use, and protect the confidentiality of,
confidential information (including know-how and trade secrets) and all other intellectual
property rights, in each case whether registered or unregistered and including all applications
and rights to apply for and be granted, renewals or extensions of, and rights to claim priority
from, such rights and all similar or equivalent rights or forms of protection which subsist or will
subsist now or in the future in any part of the world.

ASSIGNMENT

In consideration of the payment of £1, receipt of which is expressly acknowledged by the
Assignee, to the extent not already assigned, the Assignor hereby assigns to the Assignee
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absolutely with full title guarantee all its right, title and interest in and to the Assignad Rights,
including (without limitation) in respect of the Patent Applications:

the rightto-claim priority from and to-prosecute and obtain grant of patent, and

the right to file divisional-applications based thereon and o prosecute and obtain
grant of patent on each and any such divisiona! application;

in respect of the Invention and any .other invention disclogsed in the Patent
Applications, the right to file an application, claim priority from such application,
and prosecute and obtain grant of patent or similar protection.in or in respect of
any country or territory in the world,

the right to extend toor register in or in respect of any-country er territory in the
world each and any ‘of the Patent Applications and any applications filed as
aforesaid, and to extend to or ragister in, or in respect of, any country or territory
in the world any patent or like protection granted on‘any of 'such applications.

the absolute entitiement to any patents granted pursuant to the Patent Applications
and any of the applications filed as aforesaid; and

the right to bring, make, oppose, deferd, appeal proceedings, claims or actions
and obtain relief (and to retain any damages recoverad) in respect. of any
infringement, or any other cause of getion arising from ownership, “of any of the
patents granted on any of the Patent Applications and any patent applications filed
as aforesaid, whether cccurring before on or after the date of this agreement.

WARRANTIES

The Assignorwarrants that:

341 it has not licensed or assigned any of the Assigned Rights;

3.1.2 the Assigned Rights-are free from any security interest; option, mortgage, charge
or lien;

313 the Inventions @re its original work and have not been copied wholly or
substantially from any other source;

314 it is not aware of any information which is material to or establishes the
unpatentability (whetheron its own orin.combination with:other information) of the
Invention. Material information may include devices, praducts, publications, and
so forth, that are similar to the Invention, and/or any public disclosure, commergial
use, or offer for sale prior to'the filing date of the Patent Applications.

FURTHER ASSURANCE

The Assignor shall, and shall use all reasonable endeavours to procure that any necessary
third party shall, promptly execute and deliver such documents and perform such acts as may
reascnably be required for the purpose of giving full effect to this agreement , including
{without limitation):

4.1.1

412

registration of the Assignee as applicant or (as applicable) proprietor of the
Assigned Rights; and

assisting the Assignee in obtaining, defending and enforcing the Assigned Rights,

and assisting with any other proceedings which may be brought by or against the
Assignee againstor by any third party relating to the Assigned Rights.
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ENTIRE AGREEMENT

This agreement constitules the antire agreement betwaen tha partiss and suparsedes and
extinguishes all previous agreements, promises, assurances, warranties, representations and
understandings between them, whether written or oral, relating {o its subject matier.

GOVERNING LAW AND JURISDICTION

This agreement and any dispute or claim {including non-contractual disputes or claims) arising
out of or in connection with it or its subject matter or formation shall be governed by and
construed in accordance with the law of England and Wales.

Each party irrevocably agrees that the courts of England and Wales shall have exclusive
jurisdiction to setile any dispute or claim (including non-contractual disputes or claims) arising
out of or in connection with this agreement or its subject matter or formation.

This agreement has been entered into on the date stated at the beginning of it.

Signed by Nicola Tomatis:

Signed by [NAME OF AUTHORISED SIGNATORY] for and on o v comeniinne.
behalf of BlueBotics SA [NANE] Niood

o3

5 T
SRR

¥

¥

Authorised Signa;m\'
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SCHEDULE 1: DESCRIPTION OF INVENTION

ITEM HANDLING SYSTEM, METHOD AND APPARATUS THEREFOR

FIELD OF THE INVENTION

The present.invention relates in general to an tem handling method, system, and apparatus. More
particularly, this invention relates to a baggage handling method, system, and apparatus such as'a
baggage handling method or system for Use at a travel interchange or hub. Even more particularly,
the present invention relates to an item handling system for use at an airport hub,; rail or bus
interchange; port or other travel interchange or termini. The present invention is: particutarly, but not
exclusively concerned with a mobile drive unit for transportation of items such as baggage or other
items.at-an airport hub or travel interchange

BACKGROUND OF THE INVENTION

The volume of baggage being handled at airporis has increased significantly in recent years and with
this this growing volurne of baggage, congestion at airports ‘has-increased, making it more and more
difficult to navigate through the airport. This increased congestion also slows down the throughput.of
passengers from the airport entrance o the aircraft. This congestion and increasing gueues at check-
in counters may result in departure delays for aiflines and may also impact the airport with additional
costs and inefficiencies, as more staff are rgguired:fo manage-and coordinate passengers-and-their

baggage:

A further problem with current baggage handling systems is that reduced mobility passengers also
have to bring their baggage into the airport by themselves or with-assistance from others.

Although curbsside check-in may be available at some airporis where baggage can be dropped off
outside the airport, the baggage still heeds to be transported fromthe holel, ¢ar park or other lacation
tforthe bag check-in pasition.

Some self-service baggage solutions have beenprovided which accelerate the baggage drop process.
These may aliow a passenger, who has already checked in, fo quickly drop their bags at the seif-bag
drop counter. However, a problem with such a solution is that the passengerstill has io enter the
airport with their baggage, which does not gileviate the problem of congestion within the airport caused
by significant amounts of baggage and baggage trolleys:

SUMMARY OF THE INVENTION

The invention is defined in the appended claims fo which reference should now be made
Embodiments of the invention seek to address the above problems by providing animproved item
handling system and method therefor. in one aspect of the present invention a mobile drive unit or
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mabile. drive apparatus (1001) for item handling is provided The drive apparatus comprises at least
one platform for supporting an item; a drive means; and a movable door coupled to the at least one
platform and configured to move between an open position in which the platforn is accessible to a
user and a closed position in which the platform is enclosed. The apparatus further comprises control
means.coupled ta the drive means. The control. means are configured to control the drive means.to
move the drive-apparatus from a current location associated with an #tem pickup point to a second
different location for processing by an item handling hub, in response to receiving an indication thata

token presented by the user is'a valid token.

in another of the present invention @ mobile drive unit or mobile drive apparatus. (1001) for item
handling is provided. The drive unit comprises a housing comprising a movable door (5001, 5003); a
drive means;; and a control means coupled to the drive means and to the at least one door wherein
the control means is configured fo control the drive means from a current location associated with an
item pickup point to a second different location for processing by an item handling hub in response to
the reading means reading a token presented by a user. In a further aspect of the present invention a
mobile drive unit (1001) for iterm handling is provided. The drive unit comprises a housing; a movable
door (5001,.5003) coupled to the housing; a drive means; reading means (3005); and a control means
coupled to the drive means and to the at least one door-wherein the control means is configured to
control the drive means to move the drive unit from a current location associated with an itern pickup
puint to a second different location for processing by an item handling hub in response o the reading

means reading a token presenied by a user.

Embodiments of the invention seek to reduce the large amount of baggage that is being manually
transported by passengers, either by hand or on baggage trolleys, inte and through the -airport.
Embodiments of the invention automate the transfer of baggage from the passenger directly to the
Baggage Handling Systems ortoa bag drop utility inside the airport using an austonomous baggage
robot, in addition to facilitating the bag tag and drop process cutside of the airport building.

Specifically, embodiments of tha invention:

- Reduce the amount of baggage that enters the airport. This, in turn, reduces the amount of
baggage and baggage trolleys within the airport, including dining and retail-areas and walk
ways, making airport navigation easier.

— Reduce queues at check-in counters and optimise the use of self-service check-in facilities,
both onling and within the airport.

- Help streamline the support and assistance provided to passengers with reduced mobility
and for the airport staff assigned to help thess passengers.

-~ Minimise the resources reguired for the maintenance and retrieval of baggage frolieys
throughout the airport.

= Reduce aircraft delays as passengers have more time to pass through security and bearding
gates without having to handle their baggage resulting in easier navigation through the airport.
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According to a first aspect of the present invention, a mobile or portable drive unit is provided. The
unit may-allow for bag tagging and bag drop off at any location, withina predelermined arca, which is
most convenient for the passenger or user.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will now be described, by way of example only, and with reference to
the accompanying drawings, in which:

Figure 1 is a schematic diagram showing the main functional components of a system
embodying the invention as well as an exemplary route followed by a drive unit embodying the
invention;

Figure: 2 is:a schematic diagram also showing the-main functional components-of a system
embodying the invention including an alternative exemplary route followed by the drive unitembodying
the invention

Figure 3:is g perspective view of the front.of a user interface or scanning unit embaogdying the
invention,

Figiire 4a is a flow diagram showing the main steps performed by an embodiment of the
invention;

Figure 4b is a flow diagram showing the main steps performed by a further embodimeant of the
invention;

Figure 5 is a perspective view of'a rear view of a drive unit embodying the invention and an
outline front view of the scanning unit;

Figure 6 is a perspective view of a rear view of a drive unit embodying the invention without
the user interface unit;

Figure 7 is.a perspective view of a rear view of a drive unit embodying the invention with one
of the doors.in a refracled or open position;

Figure 8 Is.a perspective:front view of the drive unit and a rear view of the userintarface unit;

Figure 8 is a plan view of the drive unit from above

Figure 10 is a view of the underside of the drive unit;

Figure 11 is a view of the rear of the drive unit with some of the exierior housing removed
showing some selected internal components of the drive unit;

Figure 12 i1s.a view of the front of the drive unit with some of the exlierior housing removed
shawing sonie selected internal components of the drive unit;

Figure 13 is side view of some selected internal components of the drive unit showing the
door mechanism including pullays ¢able, and rail attachment for one of the.doors;.and

Figure. 14 i3 a schematic-view illustrating the operating principle of the door-meghanism for
one of the doors.
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The following description is of a system, apparatus, and method of operation of a drive unit for use in
the aviation industry, but this is exemplary and other applications of the invention will alst be
discussed. Forexample, embodiments of the invention find application in the travel industry in general

for example rail, air, coach industries and the like.

Further, the system, apparatus and method embaodying the invention may be used in any environment
where a user transfer one or more items or bags at an interchange, hub or depot. For example, the
method and system may find application in the maill, cargo, and parcel industries in-addition to the
handling of baggage at airports and other transportation hubs. Thus, the drive unit may transport any
items” be transported on behalf of passengers or shippers such as suitcases, cardboard boxes,

wrapped objects-and-so on.

In the embodiments described below:a maobile drive unit or mobile drive apparaius 1001 is provided
for item handling. The drive apparatus comprises at least one platform for supporting an item; a drive
means,; and a movable dogr coupled t¢ the al least one platform and configured to move belween an
apen position inwhich the platform is accessible 1o 2 user and aclosed position in which the platform

is enclosed.

The-apparatus further compriges control means coupled to the drive means. The control means are
configured to control the drive means to move the drive apparatus from a current location associated
with an item pickup point o a second different location for processing by an item handling hub, in
response to receiving an indication that a tokeri presented by the useér is a valid token. In this way,
the apparatus may transport an item of the user, such as an item of their luggage, along a predefined
route directly in response 1o having determined that they have a validtoken. Forexample, if the user
is an airline passenger and the drive apparatus is localed at or close to a specific airport, then the user
may present.a token in the form of a boarding pass for a flight they have booked to take from that
airport, and the drive apparalus can beused to bansport-the user's luggage 102 baggage handling
hub, in response to having received an indication that the presented boarding pass is valid.

As described below in respect of Figures 1 fo 14, there are a number of ways in which the control
means can receive an indication that a token presented by the useris a valid foken. For example, as
described in respect of Figure 5, the drive apparatus may comprise an interface unit 3001 that can
extract datafrom a token presented by a user. The extracted data can be compared with stored data
and a determination can be made asto whethar or not the token-is-a valid token. The determination
rnay be basaed on oneor morg matches being identified between the extracted-data and the stored
data. The:stored dala may be-data stored on the mobile drive apparatus 1001,  Alternatively or
additionally, the mabile drive apparatus may be'communicatively coupled with'a remote computer or
server, such as a departure control system, :and the stored data may reside on said computer or
server. The coupling may be via a wired or wirgless communication means. In this latter case, the
mobile drive-apparatus 1001 may send the exiracted data to the computer or server, so that the
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computer or server may perform the determination and send the meobile drive apparatus a
communication indicating whether or not the token has been determined to be.a valid token.

Figure 8 depicts an alternative embodiment to that which is.describad below in raspect of Figure &.
In pariicular, as described below in: respect of Figure. 6; the mobile drive apparalus may be
communicatively coupledto a kiosk: The kiosk may comprise a user interface unitthat can extract
data from atoken presented by a yser. In this case, the mobile drive apparatus may nol.comprise a
user interface unit’ Consequently, in the Figure 6 embodiment, the mobile drive apparatus may
receive an indication that a token presenied by the user is a valid foken, by way of receiving a
communication from tha kiosk indicating that the token-has been authenticated or determined to be a
valid'token. The kiosk may perform the delermination by comparing data extracted from token with
data storad at the kiosk. Alternatively, the kiosk may be in"wired or wireless communication with a
computer or server; such as a departure control system, and the stored data may reside on said
computer or server. In this case, the determination may be performed at said computer or server.

As noted above, a determination can be made as to whether or not the token is a valid token, by
comparing data extracted from the token presented by the user with stored data. The determination
may be-based on ons or more matches being identified between the extracted data and the stored
data. The extracted data and/or the stored data may contain data in at least one of the following fields:
aformat code, numberof legs encoded, passengername, electronic ticket indicator, operating carrier
PNR code, from city airpont code, to city airpori code, aperating carrier designator, flight number date
of flight, compantment gode, seat number, checkin sequence number, passenger status; marketing
carrier field, sequence number-figld, a class name, a tickettype name, (such as electronic or paper),

boarding time, boarding gate number. This data may be decoded into an alpha numeric format.

Referring now to Figures 1 to 3 of the drawings, the systermn may comprise a drive unit or robot; 1001
and a scanning unit'or User interface unit 3001. Usually, each of the'drive unit 1001 and user interface
comprise a separate processor configured to-control the drive unit and user interface respectively. For
axample, the user interface 3001 may comprise a fanless processor. The user interface unit processor
may be located inside a housing of the interface unit 3001. Similarly, a separate processor may be
located within' the drive unit. Usually, the drive unit processor'is located within'a Housing towards a
front end of the drive unitin clogse proximity to housing or hatch 8001. However, a single processor
may be provided which may perform the functions of the drive unit processor or/fand user interface

unit processor.

As best illustratediin figure 5 of the accompanying drawings, usually the drive unit 1001 comprisesan
integral user interface unit 3001. However, having a drive unit 1001 with integral user interface.is
optional, and a physically separate user interface unit 3001 may be provided, separaie from the drive
unit. Such a drive unit is illustrated in figure 6 of the drawings and shows an exemplary drive unit 1001

without user interface unit. In this example, a separate user interface unit may be provided as part of
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a kiosk, for example, which is communicatively coupled to one or more drive units 1001 via wireless

or wired communication protocols.

Further, in the embodiment shown infigure 5, each of the outermost side panels 5005 istransparent
so that the interior of each of the hold compariments 7001, and their contents, if any,; may be seen

from the outside.

The user interface 3001 unit may comprise a wireless communication means such as a fransmitter
and receiver which allows the user interface unit 3001 to communicate with any one or more of a
departure control system 1003, the drive unit 1001, and a central server 1007, portable communication

device 1008 or other remote system.

In one specific exemplary implementation, communication betweesn the. drive ynit 1081 or platform
and the user interface unit 3001 may be performed.by means of wired 24V inputs orfand outpuls.

The following input and output control signals may be defined.

From user interface to drive unit

e A control'signal having a value of "1” may indicate that the user interface is active (as a
response to activating the.interface unit). A control signal having a value of "0” may indicate
that the userinterface is inactive.

e A second control signal of “1" may relate to a command originating from the user interface
which instructs the drive unitor platform to open ane of the doors. A valug of 0 may relate to
a command-originating from the user interface which instructs the drive unit or platform 1o
close one of the doors. Two different control signals may be provided to allow independent
control of the two doors.

¢ A "HeartBeal" control signal may be. defined which concerns continuous communication
between user interface and drive unit

Fraom drive unil to the user interface

» Afourth control signal of "1” may relate to a command originating from the drive unitinstructing
the user interface to activate. A "0” value may be used by the drive unit to acknowledge that
the user interface is inactive (message S&FisActive).

e A fifth control signal of “1" may be used to indicate whether Luggage is on the platform. A
value of "1" indicates that luggage is on the platform. A value of 0 indicates that no luggage is
on the platform or drive unit. Alternatively or in addition to the fifth control signal, a signal may
be provided to communicate the weight of the item on the platform. This signal may be an
analogue or digital signal.

e A sixth control signal may have a value of 1 which indicates that one of the doors is open. A
value of 0 indicates that the door:is closed.
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¢ A seventh control signal may indicate whather the platform or drive unit is.operational. A value
of 0 indicates an errorand that the drive unit is not operational. An eighth control signal may
relate to a "HeariBeatl” continuous communication between the drive unit and the user
interface.

in the heartbeat mode of continuous communication between the drive unit and the user interface,
each device regularly switches a signal, which is read by the second device. If the second device does
not read any change before a timeout, then the communication is considered wrong and an error is
raised. The switching period may be 50ms and the timsout may be 500ms.

Referring once again to the schematic diagram of figure 1, the departure control system, DCS 1003
may-oplionally comprise a local or remotely-stored dalabase 1005, Usually, the departure control
system resides. on ‘@ computer or ssrver which s communicatively coupled, via wired or wireless
communication means, ‘such as a transmitler or receiver, {o-the drive unit 1001, Alternatively, or in
addition, the departure control system may be communicatively coupled {o a central server or
computer 1007 which may be communicatively coupled to the drive unit 1001 as well as one or more
additional drive units, not shown in figure 1. In'any event, the departure control system may alse be
communicatively coupled to a ticketing-orfand sales control system which controls the sale of tickets.

The database 1005 may be stored on a writeable or rewriteable storage rmedium such as hard disk or
solid state sforage means such as fiash drive, ROM, RAM, or other storage means which will be known
to the skilled person, such as cloud storage. The database usually comprises passenger data
associated with a passenger who has previously booked or made a8 reservation for a ticket for travel
on a particular scheduled flight operated by an aitline. Such departure control systems and ficketing/
sales control systems are well known to the skilled person, and thersfore will not be described in
further detail. The DCS may comprise a server or computer hardware coupled to the storage medium.

The drive unit:- 1007 orfand user interface unit 3001 may comprise computer hardware or-software
which when executed underiakes one or more predetermined method steps, which will be described
in further detail with reference lo Figures 4a and b of the drawings: The software may comprise one
or more modules which may be communicatively coupled tothe central server 1007 for example via
a bus or via other wired or wireless communication means,

The central server 1007, which may be coupled to a control center 1009 may comprise one or more
of an application programming interface, AP, 105; The APL.may be configured {0 provide one or more
modules for central management of & fleet of drive units. A control module may be provided which
allows an operator to manitor the current location of the drive unit. " The control unit-may-also be
configurad to change a route foliowed by the drive unit if needed. Further, faulls occurring on a drive
unit which prevent it from performing a task may be transmitted to the server 1009 orfand to the control
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center 1009, Similarly, any damage or errors associated with a drive unit may be transmiited to the

central server 1007 orfand control center 1009,

The:system may further caomprise a-portable ormobile communication device, or-other user device
1009 such as mobile telephone, tablet, laptop, or other communication device which may
communicate with the server 1007 or directly with a drive unit 1001 using wired or wireless
communication protocols for example using Wi-FIF™ third ganeration (3-G) or fourth generation (4-
G) wireless protocols) which will be known to the skilled person. Usually, the communication device
1009 is associated with the passenger who has made a reservation for aticket for a journey between

an origin and destination.

The system may further comprise a control center console 1009, which may-comprise computer
hardware or software or both. The console 1009 is usually operated airport management services and
allows the airport to manage beacons within a parlicular area or airport. However, individual airlines

may also operate the control consocle.

The web console 1009 usually resides on & separate computer or server, but.in principle may be part
af central server 1007. The web conscle 1009 may comprise software or hardware which when
executed may performione or more of the method steps described with particular reference to the
control center. The web console may be communicatively coupled to the server 1007 and in particular

o the departure control system 1003.

Referring now to the flow diagrams of Figures 4a and 4b of the drawings, the main steps perfarmed
by two embodiments of the invention will now be described. This assumes that a passenger has
arrived at @ parking lot 1011 or other item drop off location. This may be close to a predetermined
region 1013 within an airport precinct or drive unit 1001 base station, which may be within the airport
building or external to the airport huilding. The base station may include facilities for battery charging
in addition to a wired or wireless connectivity for software or map updates; or other connections, but
these are of course optional. The drive unit ususally resides.at a base slalion Ina'wait miode in.which
it is able to receive wired or wireless communications from external systems, suchas the user interface
unit 3001 or the central server 1007, or mobile communication device 1009.

At step 4001 -a passenger may-optionally summan the drive unit 1001 to their-currentlocation using
separate kiosk or user interface unit: 3001. ‘Alternatively, this step may be performed by a user
faunching an application on the maobile device 1002. The application andfor kiosk may use wireless
communication protocols(stich as Blustooth or Wi-Fi) to:communicate directly with one or more drive
units in the vicinity of the passenger or may communicate with one or more drive unils via the central
server 1007, In the iatter case; the central server commaunicates wilh drive unit. The application or
kiosk may communicate location data defining the location of the mobile communication device,
determined for example using GPS: Other methods of locating the mobile communication device will
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be known fo the skilled person. For example, the device may use friangulation fo determine its current
location. The device may store a predetermined list of areas or airporis which are equipped with ong
or more drive unit base stations along with an associated location for sach area or airport equipped

with the one or more base stations.

In response to receiving the location of the user, the central .server or user interface unit 3001
compares the location of the drive unit to-a database comprising data defining the location of one or
more drive:units. Based on the comparison, ‘a drive unit which is closest to the passengerproceeds
to'the current location of the miobile devige 1008.

Alternatively at step 4001, the passenger may approach the predetermined location or drive unit base

station 1013 where one or more drive units reside in a wait mode.

In either case, the passenger may optionally fouch a touch screen 3003 associated with the user
inferface 3001 to start the bag or item handling process. Alternatively, the user inferface unit 3001
may be provided with a proximity sensor such as a passive infra-red, PIR, sensor 1o detect an
approaching passenger. In ong example, the robot may wait in a wail mode with one of the doors
5001, 5003 in the open position without the need to detect the present of a passenger with the PIR

SENsor.

inany event, at step 4003, one of the procaessors, such as the drive unit processor or the userinterface
unit progcessor sends an activation signal {0 open one of the:.doors 5001, 5003. This may be performead
using one of the door actuators or motors 12013 or 12015, described in further detall below

The user interface uUnit 3001 may then optionally display on the touch. screen an’ invitation fora
passenger 1o place a bag in one of the hold compariments. 7001, 7003. This may be in response {o
the processor receiving a control signal confirming that one of the doors-has been opened.

The passenger may then place an item in one of the hold compartments 7001, 7002. The drive unit
processor or user interface unit processor may then detect, at step 4005 that an item has been placed
in one of the hold compartments. This. may be performed using a weighing sensor or means, suich as
for example, a piezoelectric weight sensor. Thus, the unit may detect that a bag has been placed in a
hold compartment. ‘An ‘optional further check may be performed lo.determine the.weight of thabag
and whether this exceeds a predetermined threshold.

In response to the unit detecting that an item has been place in one of the hold compartments 7001,
7002, the user interface unit 1001 may display on the screen 3003 an invitation for a user to scan a
token. Usually, the token is a boarding pass or bag lag associated with a passenger who has booked

a flight on an airline carrier.
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The passenger then scans the ioken. At siep 4007, an optional check may be performed to determineg
whether the token is valid. This optional validation slep is described in further detail with reference fo
the flow diagram of figure 4b of the drawings. In one example, the user interface unit processor may
compare dats encoded in the {oken with-stored departure control data, such-as PNR data, which may
be storad locally on the driva unit orscanning unit or alternatively may be remotely stored ona remote

depariure conirol system.

At step 4008, in responseto the user scanning the'token, a bag tag is printed using the bag tag printer
3009. Usually, an additional check is performed to determine whether or not the bag tag should be
printed. The additional check is also described with reference to figure 4b-of the drawings: Once the
bag tag has been printed, the user interface may display an invitation for the passenger to affix the
bag tag to the item placed in one of the hold compartments 7001, 7003. The user may then
subsequently interagt with the touch screen 3003 of the user interface unit to confirm that the

passenger has attached the bag tag to the item.

At step 4011, in response fo the user confirming that the bag tag has-been attached, the drive unit
progessoror user interface unit processor sends g controlsignal to one of the dooractuators or motors
12013 or 12015 to close the door.

Abstep-4013; a receipt is printed by the bag tag printer 3013. Subsequently; the-drive unit navigates
{0 a predetermined baggage handling location, at step 4015. This may be performad using the ANT®
navigation system, as well as using the motors- 11003, 11005;-and is-described in further detail with
reference to the flow diagram of figure 4b.

Einally, at step 4817, one or mare of the doors are opened by the drive:unit processor upon reaching
the predetermined baggage handling location. This may be done in response to one of the processors
determining that the drive unit has indeed arrived gt the predetermined location. The ong or more
doors may be opened in a similar way to that described with reference to step 4003. The drive unit
may then subseguently return to the starting point.

Referring now to the flow diagram of Figure 4b of the drawings, the main steps performed by a further

embodiment of the invention will now be described.

As previously degcribed with reference fo the flow diagram of figure 4a, at step 4001, a passenger
may optionally summon the drive unit 1001 to their current location using -separate kiosk or user
interface unit 3007 or alternatively at step 4001, the passenger may approach the predetermined

location or drive unit base station 1013 where one or more drive-units reside in & wait mode.

In either case, the passenger may optionally touch a touch screen 3003 associated with the user
interface 3001 to start the bag or item handling process. Alternatively, the user interface unit 3001
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may be provided with a proximity sensor such as a passive infra-red, PIR, sensor to detect an
approaching passenger. [n one example, the robot may wait in await mode with one-of the daors
5001, 6003 in the open position without the need'to detect the present of a passenger with the PIR
Sensor,

In-any event; the passenger may scan a token such as boarding pass or bag tag using the scanning
unit-3005. Thus, the scanning unit reads a token presented by the user, at step 4103. This step may
be perfarmed in response to the user interacting with the user interface unit, for example, by touching
the touch screen. Further, the user interface may display an invitation to a passenger or user {0 's¢an

the token.

Usually, the  scanner is 3005 is configured to read a 2:«dimensional or 3 dimensional barcode
associated with the boarding pass or bag tag. However, the scanngr may be configured o recognise
Alpha numeric characters using an Optical Character Recognition, OCR algorithm which will be known

to the skilled person.

The token may be a paper token such as a printed boarding pass or bag tag. However, it will be
appreciated that ‘any token; such as an electronic boarding pass encoded with «data defining a
passengsr-and aptionally one or more of a.flight number, departure airport, -arrival airport, depariure

date, and departurs time may beread:

At'step 4105, a determination is made as to-whether the passenger has presented a boarding pass
orbag tag. The userinterface unit may distinguish between the bag tag and the boarding pass based
on the format data encoded within the-loken: For example, the userinlerface unit may distinguish
between the boarding pass and bag tag based on the format of the barcoded data. Forexample, a
Bag Tag usually comprises a 1-dimentional bar code. For example the bar code may be a 1
dimensional 2-out-of-5 interleaved, 10-digit bar code as defined in an IATA PSCRM resolution 740. A
boarding pass usually comprises a 2-dimensional bar code. For example, a boarding pass may include
a pdf417 (2D) barcode (for printed boarding passes) or QR code / Aztec / Datamatrix code as defined
in IATA PSCRM resolution 782.

If the userinterface unit determines that a passenger has presented a bag tag, then the user inferface
unit may decode that information within the bag tag, and this information is usually in the form of a bar
code. The data encoded in the bar code which may be printed the bag tag may comprisea 10-digit
License Plate Code, LPC. The license plate code may be used te query the DCS in order to retrieve
the passengername record data, PNR data. The data may comprise any oneor more of a passenger
name, flight number, destination airport code, arrival airport code, and may be stored in the DCS.
Thus, a validation step may be performed to check that the bag tag presented by the passengeris a

valid bag tag.
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Usually, the PNR data retrieved by the user interface unit comprises a passenger name, ticket number,
itinerary and so on. However, the data retrieved may depend on the interface-offered by the DCS
atthough usually the-data comprise a complete PNR:which contain:all the information relevant to the

handling of the passenger and reiated bags.

Alternatively, if the user interface unit delermines at step 4105 that the user has presented a boarding

pass, the information encoded within the boarding pass may then be decoded.

Regarding the data which'is read from the boarding pass when it is decodad by the user interface unit,
usually the user interface unit may read the complete boarding pass string as defined by the IATA

standard outlined above.

For example,.the.unit may read any ong or more of the following fields: a format code, number of legs
encoded, passenger name, lectronic ticket indicalor, operating carrier PNR code, from cily airport
cods, to city airport code, operating carrier designator, flight number date of flight, compartment code,
seat number, checkin sequence number, passenger status, marketing carrier field, sequence number
field, a class name, a ticket type name, (such as electronic or paper), boarding time, boarding gate
pumber; This data may be decoded into an alpha numeric format.

Any of this information may be-oplionally be verified against the PNRnflormalion The-eligibility check
based on departure airport code may be performed at an early stage of the bag drop process (even
before communication with the DCS takes place) to check that the passenger is eligible to drop a bag
at the drive unit,

Any ong or more of these decoded fields may be compared to corresponding data stored in the airline
DCS to validate it or confirm that there is & match, and thus determine whether or not the boarding

passis valid.

Of coursa, the user interface unit may be optionally configured according to aitline preferences to
optionally perform the above comparison.

in one example, the user interface unit requests the same data from the DCS irrespective of whether
a user presenis-a bag iag or boarding pass is presented. In other words, the responsa:to: the
Passenger identify call is identical.

Thus, passenger data may be retrieved by using the data in the (boarding pass) barcode to lookup

the passenger in the DCS.

In.order to compare the data in the barcode to lookup the passenger in the DCS, some depariure
gonirol systems may only need to use any one or more of date, booking reference (or PNR.record
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locator) and passenger name data. Other departure control systems may require more information or
allow other types of PNR searches (e.g. by checking for LPC or combination of flight. number, seat

number-and flight date.

in-addition to distinguishing between the type of document or token presented by a user, the user
interface unit may distinguish befween a 1-stop process (where a bag tfag is printed at the user
interface unit or bag drop) or a 2-sfop process (where pre-tagged bags are accepled and the unit does

not print a bag tag).

Regarding the 2-stop mods, the userinterface unit software determinas whether to print a bag tag or
not by looking for existing, or in other words 'inactive’ bag tags in the Passenger Name Record which
it retrieves from the airline host (DCS). If inactive tags are found, the user interface unit. doss not print
a new tag. Thus, in the 2-stop mode, usually an agent will have pre-printed a bag tag or a user may
have previously printed the bag tag at a kiosk: Inthis ' mode, & passenger scans with the handheld
scanner-a pre-printed bag tag and then the unit verifiss that the scannad bag tag number is present
in the passanger data in the DES. Ifthe bag tag numbercannot be matched to'the passenger, orthe
bag tag has already been activated, the unit may abort the bag drop process by providing a suitable
message tothe user.

in the 1-stop mode, if the user interface unit determines that no tags or only active tags are stored in
the associated PNR. The userinterface unit then requests the DCS system {o assign a bag tag number
which is communicated back to the userinterface via wired or wireless communication protocols, and
the bag tag printer 3009 prints the bag tag, at step 4107. Usually, the bag tag printera one dimensional

bar code. The code may comprise a 10-digit License Plate Code, LPC.

Thus the 1-stop mode may be favored by a passenger since it allows for a simplar process by the
passenger, without the need to print a bag tag before depositing an ifem at the drive unit. One
adyantage of the user interface unitiis that it can distinguish between bag tag and boarding pass-and
determine whether or not to print a bag tag. Further, if the user interface unit determines that a
boarding pass has been scanned, a further determination of whether or not to print a bag tag may be
made by wirelessly querying a departure control system to determine a bag tag status stored in the

departure control system.

in either case, the user interface unit 3001 communicates with the departure control system via the
wired or wireless: communication means to look:- up data defining the passenger, such as-the
passengar name, in the departure control system 1003: Thus, a comparison is made between the
passenger data read from the token-and the passenger data stored in the DCS database. Usually, a
name comparison is performed, but if multiple matches arefoundin the DCS database, an additional
comparison:-betwseen the-departure-date-and time, and the current date-and time may be performed
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to find a unique match between the data encoded within the token and the data stored in the depariure

control system:.

Subseguently, the processor coupled to the user interface unit 3001 receives, usually via a wireless
comrmupnication means; the passenger data retrieved from the departure control system 1003, such

anyone or more of the passenger's name, flight number, and baggage allowance.

At this stage, the processor coupled to the user interface unit may additionally request a passenger
identity document, such as a passport or identity card to be presented and read by the scanning unit
or reader 3005. This has the additional benefit that items may only be processed if the data held in
the depariure conirol system or/and the data read from the presented foken (e.g. boarding pass or
bag tag) matches the data encoded in the identity document. This information may be encoded in a
machine readable zone, MRZ of a passport or identity-document and optionallymay be encoded in a
chip embedded in the useridentity document. The data encoded in the chip may be read using a
wireless communication protocol, such as near field communication, NFC which will be known to the
skilled person.

In this way, the name on'the identity document may be compared with the name data in the passenger
data retrieved from the depariure control system orfand the dala read from the token presented by the

passenger

The user interface unit may comprise an optional printer 3013 for the printing of a claim'{ag including
bag tag dala which may be used in the even thal an ltem s fost The userinlerface unit 30071 may
also comprise an optional paymentterminal in for processing any paymenisin the eventthat baggage

fees are due.

Atthis stage, a further optional security step may-be performed by taking an image of the passenger
with the camera 3011. The user interface unit processar 3007 may compare the image of the user
with biometric data stored on the passport Thus, item processing may only proceed friihe user
interface unit processor determines that the image of the user matches tha biometric data stored'in
the passport Thewser interface unit progessor 3007 may use known image comparison algorithms to
compare key fealures of the two images which may be determined using a scale invariant feature
transform, although otherglgorithes will be known to the skilled person.

If the token provided by the passenger maiches the data stored in the departure control system, the
user interface unit processor 3007 may send a conirol signal to the drive unit processor to open one

or more-of the drive unit doors5003, at step 4109, as previously described.

Further details of the door mechanisms.as well-as their controllers and associated control processor
will be described with reference 1o figures 510 13 of the drawings. Figure 7 of the drawings shows a
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perspective view ofthe drive unit with oneof the doors open. Inthis configuration one dooris retracted
so that it is.positioned under the other door.

The passenger then places-the luggage or bag in the-hold-compartment 7001 of the drive unit 1001,
shown in figure 7 of the drawings, after attaching the bag tag, if necessary. The drive unit may hold at
least 2 pieces of standard luggage of dimensions 800mm * 500mm * 400mm. It will be noted that in
the exemplary drive unit 1001 shown in figure 7 that two separate hold compartments 7001, 7002 are
provided and each separate hold compariment 7001, 7002 is separated by a wall or partition 7003,

Each movable door of the drive apparatus is coupled to-a respective platform-and configured to move
between an open position in which the respective platform is accessible fo a userand a closed position
in which-the respective platform is enclosed. Each movable door and its.corresponding platform thus
help to form:an enclosed compariment for storing one or more items, such as one or more bags of
luggage; of @ user. The one or moreenciosad compartments may be formed solely of a platform and
a respeciive movable dogr. Alternatively, the one or more enclosed compartments may be formed by
other components of the drive-apparatus, such as one ormore walls or partitions.

One particular benefit of the sliding door arrangement shown in figure 7 of the drawings is-that, in
principle, any number of separate or isolated hold compartments may be provided and that each

compartment may be easily accessible by the passenger.

Thus, a drive unit 1001 comprising 3 or more hold compartments may be provided wherein each of
the outermost two compartments is each adjacent o a different first and second partition, and wherein
the innermost hold compartment is adjacent to the first and second partitions. In the embodiment
shown in figures 5 to 9-of the drawings each door is -shaped in section, so that a first planar portion
of the door extends to-cover one face {such as the top face or substantially horizontal face) of the
drive unit and a second planar portion extends to cover a second different face {such as a side face
or substantially vertical face) of the drive unit. Thus, having a door comprising first and second planar
portions arrangead to extend i different planes means that'the. drive unit has. easily-accessible hold
compariments. In one specific: example, the first and second planar portions are approximately

perpendicular to one another.

Further, each hold compartment may be:associated with a door which corresponds tothe opening
size of each partition. The processor associated with the drive unit 1001 may be configured to
independently control each of the doors between an open position in which the door is retracted below
or above another door so thai the hold compartment is accessible by a 'passenger to position a piece
of luggage in the hold compariment and ‘@ closed position in which the hold compariment is not
accessible from the exlerior-of the drive unit by-a passenger-arother person.
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The passenger may then confirm, using the user interface unit 3001, that the bag is correctly
positionad within the hold compartment and that the dogr 5003 may be moved from the open position

to the closed position, at step 4111, and as shown in figure 5.

Either before or afterthe dooris closad, thedrive unit processor may detect, using a weighing sensor;
such as forexample, a piezoelectric weight sensor, that a bag has been placed in a hold compartment
and a further check may be performed to determing the weight of the bag and whether this exceeds

a predetermined threshold,
Anopticnal receipt may be printed for the passenger with printer 3013.

At step 4113, the drive unit processor determines the location of the drive unit. This may be performed,
for example using GPS or by triangulation of wireless communication signals. Further, the robot may

navigate using the laser scanners which detects features or obstacles and navigales around them.

The processor then compares the location to oneor more waypoinis 1015, 1017, 1019 associated
with a predetermined route 1021 from the base station to the baggage handiing location 1023. Usually,
the drive unit processor selects the waypoint closest to the current location and determines the drive
vector (i.e. direction and distance) to that'location. The drive unit then moves to the closest waypoint
at step 4115. Once-at the one of the-waypoint, the drive unit then controls the differential drive
mechanism (for example the motors, described in further datail with reference to figures 1010 12 of
the drawings) so that the drive. unit follow the predetermined course or route 4017 based on a
comparison of the current know drive unit location and the-location of the waypoints making up-the

predetermined route.

Thedrive unit maybe provided with-an ANT® navigation unit This-aliowsthe processorto determing
& position or location of the drive unit, and to'control the movement of the drive Unitalong ong or more
pradeterminad virtual paths: Such a navigation units argavailable fron BlueBotics SA, of Jordils 41B,
CH-1025, St-Sulpice; Switzerland.

In cne-example, each drive unit 1001 may comprise-a memory:{such as.a ROM, RAM, or flash memory

far example) for storing a plurality of predetermined, different routes or paths.

Each of the plurality of predetermined paths may share a common origin or/and destination. For
example, as shown in figure 2 of the drawings, the two different predetermined training paths 1021,
2021 share a common origin (e the start of each paths are associated with the same location) but
each route or path is defined by one or more different waypoinis. This may have the benefit that if an
obstruction is delected by laser scanners 10001 or 10003 in the selected path, that an alternative path
may be selected o avoid the-obstruction while still arriving -at the destination. An OMRON™ laser
scanner may be used for object detection/ localization such as model OS 32C-8P1.
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At'step4019, once the drive unit has arrived at the destination, an operator may open one or'more of
the doors. In one example, a lockable hatch 8001 is provided which is accessible with a key by
authorised baggage handling operators, and one of the doors may be opened by a door-control switch.
Alternatively, the drive unit or user interface unit processor may detect whether the drive unit has
arrived at the predetermined location and only open one or more of the doors if the processor

determines that the drive unit has arrived- at the predetermined destination.

As shown infigure 8 and 9 of the drawings, the drive unit may comprise oneé or more buttons ot/and

indicators.

A red emergency stop button 8001 may be provided at the front of the drive unit. Further,an additional
pushbutton 2003 located underneath may be provided which provides the funclion-of resetting the
drive unit afterthe emergency button has been pressed and released. 4 indicators may also be
provided. A first indicator 9005 is-a battery indicator which, when illuminated indicates that the battery
level igtoo low. A-second indicator 8007 provides an indication of whether the navigation system is
correctly functioning. For example if the ANT® navigation system is not functioning correctly for
example because the platform is lost, a communication error with the motor drive has occurred, then
this indicator may be illuminated. A third indicator 9008 may be provided which indicates whether the
emergency button has been pressed or whether an obstacle detected in the safety zone of the laser
scanner A fourth indicator 8011 may be provided which, when illuminated, provides a power indication

of when the platform is powered on.

A maintenance interface may also-be provided, underthe hatch 8001. The interface may include an
Ethernet configuration port,-as switch-to control manual control of opening and closing of the left door
5001, a switch for manually controlling movement of the platform when pressed, a switch for manual

cantrol of tha opening and closing of the right-door 5003, and a main power switch.

Once-an operator has unloaded the luggags, the drive unit processor closes-the-door. This may be in
response to the processor detecting, using the weight sensor, that a bag has been removed from one
ot both of the hold compartments 7001, 7003. The drive-unit processor may then control the motors,
described iy further detail with reference to figures 10 to 12 of the drawings, 50 that the unit follows
the-predetermined route back to the base station io await further bag drop.

Further functional aspects of the drive unit-will now be described with reference to figures 10 to 14 of

the drawings:
As best illustrated by figure 10, the drive unit .comprises 2 driving wheels 10005 10007, which are

positioned approximately in the centre of the drive unit 1001 measured in a longitudinal direction from
the front to the rearof the robot in the direction of travel. A first molor 11003 coupled to the first wheel
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10005 and a second motor is coupled to 11005 1s coupled to the second whes! 11007. The drive unit
may also comprise-an extendible charging-cable 10013 -which may extend from the drive unit lo 1

power souree.

The drive unit comprises at least one battery 'unit and preferably, a split battery arrangement is
provided. As best lllustrated by figure 11 a first battery 11001 may be positioned a few centimetres in
front of the axis of rotation of each wheel, towards the centre of the schematic base plate 11007 shown
in figure 11. The battery or cell may be a 24 Volt, 177 Ah cell and may have a weight of about B0kg
each. This may provide betwsen 4 and 12 hours of pperation without.charging dependent upan uss.

The first battery 11001 is usually positioned so that it approximately lies in the same plane as each
wheel 10005, 10007, and each associated drive motor 11003, 11805 The drive motors 11003, 11005
may form a differential drive unit which may be controlled by the processor associated with the drive
unit (not shown in the drawings). A second battery 11009 may be positioned towards the front of the
drive unit, as best illustrated in figure 1.

The split batlery arrangement means that the drive unit is substantially equally balanced around the
pivot axis of the iwo wheels 10008, 10007.

Referring now to figure 12 of the accompanying drawings, further detfails of the door closure and
opening mechanism will be described. A plurality of double pulleys 12001, 12003, 12005, 12007,
12009, 12011 may be provided. fr this arrangement each pulley of the double pulley arrangement.is
able {o rotate freely, and independently of the other pulley. The double pulleys 12001, 12003, 12005,
12007 are positioned close o the base portion 1107 of the drive unit close to the cutermost corner of
the drive unit. One-of the pulley of the double pulley arrangement 12003 is coupled to a first motor
12013 so that when the motor rotates 12013, the wider, and lower pulley shown in figure 12 rotates
moving the cable 12017. The cable passes over the one of the two pulleys of each of the double pulley
arrangements 12001, 12005, 12007 12009, 120011 which are freely able to rotate, and consequently
transfers linear motion at the bottom rear of the robot indicated by arrow 12018 to a linear motion at
the top front of the drive unit as indicated by arrow 12021, Thus, by coupling one of the dours to a rail
in close proximity to arrows 12019 and arrow 12021 one of the doors may be moved from an open
position to-a closed position, and vice versa by acluating a single motor 12013. A similar mechanism
and second cable, not shown in figures 12 or 13 is provided for opening and closing of the second
door, and once again, a single motor may be actuated to which is translated into a sliding movement

by the pulley and cable means.

Finally, figure 14 ofthe drawings shows a schematic illustration of the door actuator mechanism: In
this figure only-a single cable is shown for clarity, and the coupling of the cable to the each of the two
rails 14001, 14003 is also illustrated

I one specific example, the drive unit may meet the following technical specification;
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General
1.1 Max dimension: 1600 x 1100 x 1600 mm (L x W x H)
1.2 Autonomy: minimum 4h, optimal 12h
1.3 Battery charging via cable
1.4 Sgan&Fly integration on the platformy;
¢ Top of Scan & Fly unit not higher than 1.50m
¢ 35-45cm space betwsen Scan & Fly and user to place the suitcase
» Display inclined of 10°+/- 1°
Mobility
2.1 Max speed: 1 m/s
2.2 Ability to move forward-and backward
2.3 Apility to turn on the spot
2.4 Max slopes: 3%
2.5 Max steps to-overcome: 10 mm
2.5 Max gaps to oyercomes: 10.mm
Perception
3.1 360" safety by way of 2 safety laser scanners
3.2 Laser scanner plane.at 100mm +/-80mm from ground
3.3 No perception above the laser plane
3.4 No perception helow the laser plan
3.5 No detection of holes (staircases; sidewalks, etc.)
Navigation
4.1 Path following and obstacles avoidance available
4.2 Manual movement by joystick possibie
Luggage compartment
8.1 Platform able to carry two standard luggage (800 x 500 x 400 mm, 32 kg)
5.2 Floor height of luggage compartment: max 300 mm
5.3 Manual loading and unloading
5.4 Door movement: automatic and manual {via push buttons)
§.5 Door locking: automatic

From the foregoing; it will be appreciated that the mobile communication or client device may include
a computing device, such as a deskiop computer, a laptop computer, a tablet computer, a2 personal
digital assistant, a mobile telephone, a smartphone, an internet enabled television, an internet enabled

television receiver, an internet enabled games console or a portable games device.

The server .may comprise a computsr processor running one or more server processes for
communicating with client devices. The server processes comprise computer readable program
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instructions for carrying out the operations of the presentinvention. The computer readable program
instructions may be or source code or-object code written in or in any combination of suitable
programming languages including procedural programming languages such as G, object orientated
programming languages such as C#, C++, Java, scripting languages, assembly languages, machine
code insiructions, instruction-set-archilecture (ISA) instructions, and state-setting data.

The wired or wireless communication s networks described above may be public, private, wired or
wireless network. The communications network may include one or'more of a local area network
(LAN), a wide area network (WAN), the Internet, a mobile telephony communication system, or a
satellite communication system. The communications network may comprise any suitable
infrastructure, including copper cables, optical cables or fibres, routers, firewalls, switches, gateway

computers and edge servers.

The user interface described above may comprise a Graphical User Interface.

Embadiments of the.invention 'may include an on-screen graphical user interface. The user interface
may be provided, forexample, in the form of a wigdget embedded in a web site; as.anapplication for a
device, or on a dedicated landing web pags. Computer readable program instructions for
implementing the graphical user-interface may be downloaded to the client device from-a computer
readable storage medium via a network, for example, theinternat, alocal area network (LAN), awide
area network (WAN) and/or a wireless network. The instructionsmay be stored inacompuler readable

storage medium within the.client.device.

As will be appreciated by one of skill in the art, the invention described herein may be embodied in
whole orin part as a method, a data processing system, or-a computer program product including
computer readable instructions. Accordingly, the invention may take the form of an entirely hardware
embodiment-or an embodiment combining ‘software, hardware and any other-suitable-approach or

apparatus.

Tha computer readable program instructions may be stored on-a non-transitory, tangible computer
readable medium. The comptter readable storage medium may include oneor more of an electronic
storage-device, a magnetic-storage device; an optical storage device, -an slectromagnetic storage
device, “a semiconductor storage device, ‘a portable computer disk, a hard disk; a random ‘access
memory (RAM)}; aread-only memaory (ROM), an erasable programmable read-only memory (EPROM
or Flash memory), a static random access memory [SRAM), a portable compact disc read-only
memory (CD-ROM), a digital versatile disk (DVD), a memory stick, a floppy disk.

Exemplary embodiments of the invention may be implemented as circuit board which may include a
CPU, a bus, RAM, flash memory, one or more ports for operation of connected VO apparatus such as
printers, display, keypads, sensors.and cameras, ROM, a communications sub-system such as a

modem; and communications media.
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The flowcharts of Figures 4a and biillustrate the operation of an example implementation of systems,
methods, and computer program products according to various embodiments of the present invention.
Each block in the flowchart or block diagrams may represent a module comprising ane or more
5  executable computer instructions, or a portion of an instruction, for implementing the logical function
specified in the block. The order of blocks in the diagram is only intended to be illustrative of an
example. Inalternative implementations, the logical functions illusirated in particular blocks may ogeur
out of the ordernoted in the figures: For example, two blocks shown as adjacent ong another may be
carried out simultanecusly or, depending on the functionality, in the reverse order: Each block in the
10 flowchart may be implemented in software, hardware or a combination of software and hardware.
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CLAIMS
1. A mobile drive apparatus for item handling comprising:

a, altleastone platform for supporting an item;

b. adrive means;

¢. @ movable door coupled to the at least one platform and configured to move between
an open position in which the platform is accessible toa user and a closed position in
which the platform is enclosed; and

d. acontrol means coupled to the drive means wherein the control means is configured to
centrol the drive means to move the drive apparatus from a current location associated
with an item pickup point to a segond different. iocation. for processing by an itam
handling hub in response fo receiving an indication that a token presented by the user

is a valid token.

2. A mobile drive apparatus according to claim 1, wherein the control means is configured to
communicatively couple with a remote computer or server, such as a departure control system,
and receive a communication from said remote computer or server indicating that the token
presented by the user has been determined to be awvalid token,

3. A mobile apparatus according to claim 1 or claim 2, wherein the control means comprises-a
user interface unit and is configured to exiract data from a token presented by the user {o the
interface unit, and determine whether the presented token is a valid token, based at least in part

onthe extracted data.

4. A mobile apparatus according to claim 3, wherein the control means is configured to'determine
whether the presented token is a valid token, by comparing the extracted data with stored data.

5. A mobile apparatus according fo claim 4, wherein the extracted data and the stored data
contains data’in at least one of the following fields: a format code, number of legs encoded,
passenger name, electronic ticket indigator, operating carrier PNR code, from city airport code,
to cily airport code; operating carrier designator, flight number date of flight, compartment code,
seat number, check-in segquence number, passenger status, marksting carrier field, sequence
number field, a class name; a ticket type name, (such as electronic or paper), boarding time,
boarding gate number;

and wherein thecontrol means is configured to determing that the token is a valid token
when the extracted data matches the stored data irv at least one of 'said fields:

8. A mobile drive apparatus according to any one of claims 3 o 5, 'wherein the user interface unit
is-configured to distinguish between different types of tokens based on a barcode format

associated with the token.
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7. A mobile drive apparatus according toany oneof claims 31 6, wherein the user interface unit
is corfigured to determine whether the foken is a bag tag or a boarding pass based on the
format of the token.

&. A mobile drive apparatus according fo claim 7; wherein the ‘user interface unit is further
configured to decode a one dimensional numeric licence plate code associated with a bag tag,
in response to determining that the token presented by the user is a bag tag.

8. A mobile drive apparatus according to claim 7, wherein the -user inferface unil is further
configured to decode a two dimensional bar code associated with a boarding pass, in response
to determining that the token presented by the user is a boarding pass.

10. A mobile drive apparatus-according to-any one of claims 3 to 8, wherein the user interface unit
comprises reading means for reading a token presented by a use.

11. A mobile drive apparatus according to any preceding claim wherein the drive means
comprises a differential drive-arrangement preferably comprising a first motor coupled
to a first-driving mechanism means and a second motor coupled to a second driving

mechanism means:

12. A mobile drive apparatus according to any preceding claim wherein the or a first and
second driving mechanism means are positioned approximately in the centre of the
drive:-apparatus 1001 measured in-a longitudinal direction from the front to the rear of

the drive apparatus.

13. A mobile drive apparatus according {o any preceding claim further comprising an
electrical power source, and preferably wherein-the power source comprises a split

power source arrangement comprising first and second power sources.

14.A mobile drive apparatus according o claim 8 wherein-the first power source is
positioned in close proximily to the axis of rotation of driving mechanism mearns and
preferably where the second power source is positioned substantially at one end of the

drive apparatus.

15. A mobile drive-apparatus according to any preceding claim wherein drive apparatus
comprises a plurality of doors and whersin each door is independently moveable.

16. A mobile drive-apparatus according to any preceding claim wherein drive apparatus

comprises a plurality of hold compartments separated by a partition.
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17. A mobile drive apparatus according to. any preceding claim wherein each door
comprises a first planar portion which extends o coverone face of thedrive unitand a
second planar portion extends to cover a second different face of the drive unit, and
preferably wherein the first and second planar portions are substantially perpendicular.

18. A mobile-drive apparatus-according fo any preceding claim further comprising a:door
mechanism for slideably moving the at least one movable door betwsen the open
position and the closed positien.
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ABETRACT
ITEM HANDLING SYSTEM, METHOD AND-APPARATUS THEREFOR

A mobile drive apparatus (1001) for item handling. The drive apparatus comprises at least one platform
for supporting an itemy;, a“drive means; and'a movable door {5003, 5001) coupled to the at least one
platform and configured to move belween an-open position-in which the platform is accessible to-a user
and a closed position in which the platform is enclosed. The apparatus further comprises control means
coupled to the drive means. The conirol means are configured to control the drive means {o move the
drive apparatug from a current location: associated with an item pickup point to a second different
jocation for processing by an item handling hub, in response o receiving-an indication that a token
presented by the useris a valid token.

[Figure 1]
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ASSIGNMENT OF INTELLECTUAL PROPERTY

. a.".}i‘. - )
CaRE

BETWEEEN

(1)
(2)

Grégoire Terrien of [ADDRESS] (the "Assignor'); and

BlueBotics SA of Rue des Jordils 41b, CH-1025 St-Sulpice, Switzerland (the "Assignee’).

BACKGROUND

(A)

(B)

()

(D)

(B)

The Assignor is an employee of the Assignee or a related company,

The Assignor has been involved in the development of an invention relating to LEO Baggage
Robot — an ltem Handling System, Method and Apparatus as more specifically described in
Scheduis 1 ("the Invention”).

The Assignee has applied for a United Kingdom Patent for the invention under Patent
Application Number 1608205.9, and filed a Patent Corporation Treaty (PCT) patent
application under Patent Application Number PCT/EP2017/061100, each entitled ITEM
HANDLING SYSTEM, METHOD AND APPARATUS THEREFOR ("the Patent
Applications”).

To the extent that the Assignor owns rights in the Invention or the Patent Applications which
have not already passed {o the Assignee by virtue of the employment relationship, the
Assignor wishes to assign such rights under the terms of this Agreement, along with rights in
all future patent applications and granted patents which disclose the invention.

The Assignor and The Assignee have agreed that the entire right, title and interest in the
Invention and the Patent Applications be assigned to the Assignee on the terms as set out
below.

AGREED TERMS

1?

1.1

1.1

INTERPRETATION
Definitions:

Assigned Rights: the Patent Applications and all Intellectual Property Rights embodied in
the Invention and the Patent Applications, as well as in any future patent applications that the
Assignee or its assigns may wish to file, and any patents which may be granted on the Patent
Applications or such applications filed as aforesaid.

intellectual Property Rights: patents, utility models, rights to inventions, copyright and
neighbouring and related rights, trade marks and service marks, business names and domain
names, rights in get-up and trade dress, goodwill and the right to sue for passing off or unfair
competition, rights in designs, database rights, rights to use, and protect the confidentiality of,
confidential information (including know-how and trade secrets) and all other intellectual
property rights, in each case whether registered or unregistered and including all applications
and rights to apply for and be granted, renewals or extensions of, and rights to claim priority
from, such rights and all similar or equivalent rights or forms of protection which subsist or will
subsist now or in the future in any part of the world.

ASSIGNMENT

in consideration of the payment of £1, receipt of which is expressly acknowledged by the
Assignee, to the extent not already assigned, the Assignor hereby assigns to the Assignee

PATENT

REEL: 054802 FRAME: 0509



10

15

20

25

30

35

40

3.1

44

Pr72905 WO01

2

absolutely with full tile guarantee all its right, title and interest in and to the Assigned Rights,
including (without limitation) in respect of the Patent Applications:

114

the right to claim priority from and lo prosecuie and obtain grant of patent; and

the right to file divisional applications based thereon and fo prosecute and obtain
grant of patent on each-and any such:divisional application;

in respect”of the Invention and any other invention disclosed in the Patent
Agpplications, the right to file an application, claim priority from such application,
and prosecute and obtain grant of patent or similar protection in orin respect of
any country orterritory in the world;

the right to extend to or register in or in respect of any country or territory in the
world each “and any of the Patent Applications and any ‘applications filed as
aforesaid, and to extend 1o or register in, or in respect of, any country or territory
in the world any patent or like protection granted on any of such applications.

the absolule entitlement o any patents granted pursuant to the Palent Applications
and any of the apglications filed as aforgsaid; and

the right to bring, make, oppose. defend, appeal procesdings, claims or actions
and oblain relief {(and {o retain any damages recovered) in respect of any
infringement, or any other cause of aclion arising from ownership, of any of the
patents.granted on any of the Patent Applications and any patent applications filed
as aforesaid, whether occurring before on or after the date of this agreement.

WARRANTIES

The Assignor warrants that:

311 it has not licensed or.assigned any of the Assigned Rights;

31.2 the Assigned Rights are free from any security interest, option, morlgage, charge
or lien;

313 the Inventions are its original work and have not been copied wholly or
substantially from any other source;

314 it Is not aware of any information which is material to or establishes the
unpatentability (whetheron its own or in combination with other information) of the
Invention. Material information may include devices, praducts, publications, and
so fortty, that are simitarto the invention, and/or any public disclosure, commercial
use, or offer for sale prior to the filing date of the Patent Applications.

FURTHER ASSURANCE

The Assignor shall, and-shall use all reasonable endeavours o procure that.any necessary
third party shall, promptly execute and deliver such documents and perform such acts as may
reasonably be required for the purpose of giving full effect to this agreement | including
{without imitation):

4.1.1

4.1.2

registration of the Assignee as applicant or (as applicable) proprietor of the
Agsigned Rights, and

assisting the Assignee in obtaining, defending and enforcing the Assigned Rights,

and assisting with any other proceedings which may be brought by or against the
Assignes against or by any third party relating to the Assigned Rights.
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ENTIRE AGREEMENT

This agreement constitutes the entire agreement between the parties and supersedes and
extinguishes all previous agraements, promisas, assurances, warranties, reprasentations and
undersiandings between them, whether written or oral, relating to its subject matter.

GOVERNING LAW AND JURISDICTION

This agreement and any dispute or claim (including non-contractual disputes or claims) arising
out of or in connaction with it or its subject matler or formation shall be governad by and
congtrued in accordance with the law of England and Wales.

Each parly irrevocably agrees that the courts of England and Wales shall have exclusive
jurisdiction to settle any dispute or claim (including non-contractual disputes or claims) arising
out of or in connection with this agreement or its subject matter or formation.

This agreement has been entered into on the date stated at the beginning of it.

Signed by Grégoire Terrien:

Signed by [NAME OF AUTHORISED SIGNATORY forand on
behalf of BlueBotics SA

] g N

fNlimails ; S ey 4 o
NS mwadia
NGO FOMSatg
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SCHEDULE 1: DESCRIPTION OF INVENTION

ITEM HANDLING S8YSTEM, METHOD AND APPARATUS THEREFOR

FIELD OF THE INVENTION

The present invention relates in general to an item handling method, system, and apparatus. Morg
particularly; this invention relates to a baggage handling method, system, and apparatus such as a
baggage handling method or system fof use at a traval interchange or hub. Even more particularly,
the present invention relates to an item handling system for use at an airport hub, rail or bus
interchange, port or other travel interchange or termini. The present invention is particularly, but not
exclusively concerned with a mobile drive unit for transportation of items such as baggage or other

iterms at an airport hub or travel interchange.

BACKGROUND OF THE INVENTION

The volume of baggags being handled at airports has increased significantly in recent years-and with
this this growing volume-of baggage, congestion at airports-has-increasad, making it more-and more
difficuit to navigate through the airport. This increased congestion also slows down the throughput of
passengers from the airport entrance io the aircraft. This congestion and increasing queues at check-
incounters may result in departure delays for airlines and may also impact the airport with additional
costs and inefficiencies, as more staff are required to manage and coordinate passengers and their
baggage.

A further problem with current baggage handling systems is that reduced mobility passengers also
have to bring their baggage into the airport by themselves or with assistance from others.

Although curb-side check-in may be available at some airports where baggage can be dropped off
outside the airport; the baggage still needs to be transported from the hotel, car park-or other logation

to the bag check-in position.

Some self-service baggage solutions have been provided which accelerate the baggage drop process.
These may allow a pagsenger; who has already checked in, o quickly drop their bags at the seif-bag
drop-counter. However, a problem with such a solution is that the passenger still has to enter the
airport with their baggage, which does not alleviate the problem of congestion within the airport caused

by significant amounts of baggage and baggage trolleys.

SUMMARY OF THE INVENTION

The invention is defined in the appended claims to which reference should now be made.
Embodiments of the invention seek to address the above problems by providing an improved item
handling system and method therefor. In one aspect of the present invention a mobile drive unit or
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mobile drive apparatus (1001) for item handling is provided. The drive apparatus comprises at least
one platform for supporting an item; a drive means; and a movable door coupled to the at least one
platform and configured {o move befween an open position in which the platform is accessible to a
user-and-aclosad position in which the platform is enclosed. The apparatus further comprises control
means coupled to the drive means. The control means are.configured to control the drive means o
move the-drive apparatus from a current location associated with an item pickup pointtoa second
different location for processing by an itent handling hub, in'response to receiving an'indication that a

token presented by the-user is-a valid token,

In another of the present invention a mobile drive unit or mobile drive apparatus (1001) for item
handling is provided. The drive tinit comprises.@ housing comprising @ movable door (5001, 5003); a
drive means;; and a control means coupled {o the drive means and to the at'least one door wherein
the control means is configured to control the drive means from a current location associated with an
item pickup pointtoa second different location for processing by an item handling hub in response to
the reading means reading a token presented by a user. In a further aspect of the present invention a
mobile drive unit (1001) for item handling is provided. The drive unit comprises a housing; a movable
door (5001, 5003) coupled to the housing; a drive means; reading means (3005); and a control means
coupled to the drive means and to the at least one door wherein the control means is configured to
control the drive means to move the drive unit from a current location associated with an item pickup
point to a second different location for processing by an item handling hub in response to the reading

means reading a token presented by a user.

Embodiments of the invention seek to reduce the large amount'of baggage that is being manually
transporied by passengers, either by hand or on baggage frolleys, into and through the airport.
Embodiments of the invention automate the transfer of baggage from the passenger directly to the
Baggage Handling Systems or to a bag drop utility inside the airport using an autonomous baggage
robot, in addition to facilitating the bag tag and drop process outside of the airport building.

Specifically; embodiments of the invention:

- Reduce the amount of baggage that enters the airport. This, in turn, reduces the amount of
baggage and baggage trolleys within-the airport, including dining and retail areas and walk
ways, making airport navigation edsier.

- Reducequeues-at-check-in-counters-and-optimise the use of sgif:service check-in fagilities,
both online and within the airport.

- Help-streamline the suppori and assistance provided to passengers with reduced mobility
and for the airport staff assigned to halp thaese passengers.

- Minimise the resources required for the maintenance and retrieval of baggage trolleys
throughout the airport.

=~ Reduce aircraft delays as passengers have more fime to pass through security and boarding
gates without having to handle their baggage resulting in easier navigation through the airport.
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According to g first aspact of the present invention, ‘a mobile or portable drive unit.is provided. The
unit may allow for bag tagging and bag drop off at any location; within a predetermined area, which is
maost convenient for the passenger or user.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodimentof the invention will now be described, by way of example only, and with reference to
the accompanying drawings, in which:

Figire 1 i g7schematic ‘diagram showing the main functional components of a system
embodying the invention as well as an exemplary route followed by a drive unit embodying the
invention;

Figure 2 is @ schematic diagram aiso showing the main functional components of a system
embodying the invention including an alternative exemplary route followed by'the drive unit embodying
the invention

Figure 3 is a perspective view of the front of a user interface or scanning unitembodying the
invention;

Figure 4a is a.flow diagram showing the main sleps performed by an embodiment of the
invention;

Figure 4b is a flow diagram showing the main steps performed by a further embodiment of the
invention;

Figure 5 is a perspective view of a rear view of a drive unit embodying the invention and an
outline front view of the scanning unit;

Figure 6 is a perspective view of a rear view of a drive unit embodying the invention without
the user interface unit;

Figure 7 is & perspective view of a rear view of @ drive unit embodying the invention with one
of the doors in a retracted or gpen position;

Figure 8s a perspective front view of the drive unit and arear view of the user interface unit;

Figure 9'is a plan view of the grive unit from above

Figure 10 is a view of the underside of the drive unit;

Figure 11 is @ view of the rear of the drive unit with some of the exterior housing removed
showing some selected internal compenents of the drive unit;

Figure 12 is a view of the front of the drive: unit with some of the exterior housing removed
showing some selected internal components of the drive unit;

Figure 13 is side view of some selected internal components of the drive unit-showing the
door mechanism including pulleys cable, and rail attachment for one of the doors; and

Figure 14 is @ schematic view illustrating the operating principle of the door mechanism for
one of the doors.
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The following description is of a systern, apparatus, and method of operation of a drive unit for use in
the aviation industry, but this is exgmplary and other applications of the invention will also be
disgussed. Forexample, embodiments of the invention find application in the travel industry in general

for example rall, air, coach industries and the like.

Further, the system, apparatus and method embeodying the invention may be used in any environment
where-a user transfer one or more items or bags at an interchange, hub or-depot. Forexample, the
method and system may find application in the.mail, cargo, and parcel industries in addition to the
handling of baggage at airports and-other transportation hubs. Thus, the drive unit may transport-any
items be transported on behalf of passengers or shippers such as suitcases; cardboard boxes;

wrapped objects and-so on.

In the embodiments-described below a mobile drive unit or mobile drive apparatus 1001 is provided
for item handling. The drive apparatus comprises at least one platform for supporting an item; a drive
means, and a movable door coupled to the at least one platform and configured to move between an
open position in which the platform is accessible 10 a User and a closed position'in'which the platform

is enclosed.

The apparatus further comprises control means coupled to the drive means. The control means are
configured to control the drive means to move the drive apparatus from a current location associated
with-an Hem pickup point fo a-second different location for processing. by an item handling hub, in
rasponseto receiving anindication that a token presented by the user is a valid token. In this way,
the-apparatus may ransportan item of the user;such as anvifem of their luggage, along.a predefined
route directly in response to having determined that they have a valid token. For example, if the User
is an airline passenger and the drive apparatus is located at or close to a specific airport, then the user
may present a token'in the form of a boarding pass for a flight they have booked to take from that
airport, and the drive apparatus-can be-used to transport the user's luggage 1o a baggage handling
hub,.in response to having received an indication that the presented boarding pass is valid.

As described below in respect of Figures 1 to 14, there are a number of ways in which the control
means can receive an indication that a token presented by the user is'a valid token. For example, as
described in respect of Figure 5, the drive apparatus may comprise an interface unit 3001 that can
extract data from a token presented by a user. The extracted data can be compared with.stored data
and a determination can be madeas to.whether or not the token is-a valid token. The determination
may be based on one or more matches being identified between the extracted data and the stored
data. The stored data may be data stored on the mobile drive apparatus 1001. Alternatively or
additionally, the:mobile drive-apparatus may be communicatively coupled with a remate computer or
server, such as a departure control system, and the stored data may reside on said computer or
server. The coupling may be via a wired or wireless communication means. In this latter case, the
mobile drive apparatus- 10071 may send the-exiracted data to the-computer or server, so that the
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gcomputer or server may perform the determination and send the mobile drive apparatus a
communication indicating whether or not the token has been determined to be a valid token.

Figure 6 depicts an alternative embadiment to that which is described below in respect of Figure 5.
in particular, as described below in respect of Figure: 6, the mobile drive apparatus may be
communicatively coupled to a Kiosk. The kiosk may comprise a user interface unit that can extract
data from @ token presented by a user . In this case, the mobile drive apparatus may not comprise a
userinterface unit: Conseguently, in the Figure 6 embodiment, the mobile drive apparatus may
receive an indication that a token presented by the user is a valid token, by way of receiving a
communication from the kiosk indicating that the token has been authenticated or determined to be a
valid token, The kiogk may perform the determination by comparing data extracted from token with
data stored at the kiosk. Alternatively, the kiosk may be in wired or wireless communication with a
computer orserver; such as:a depariure contrgl system, and the storad data may reside on said
computer or server. In this case, the determination may be performed at said computer or server.

As noted above; a delermination can-bemade-as torwhethar-or not the token is-a valid token, by
comparing data extracted from the token presented by the user with stored data. The determination
may be based on one or more malches being identified between the extracted data and the stored
data. The extracted data‘and/or the stored data may contain data in at least one of the following fields:
aformatcode, numberof legs encoded; passenger name;-electronic tickst indicator, operaling carrier
PNR code from city girport code, 1o city aliport code, opersting carrier designator, flight number date
of flight, compartment code, seat number; checkin sequence number, passenger status, marketing
carrier field, sequence number field, a class name, a ticket type name, (such as electronic or paper),

boarding time, boarding gate number. This . data may be decoded into an alpha numeric format.

Referring now to Figures 1 to 3 of the drawings, the system may comprise a drive unit or robot, 1001
and a scanning unit oruser interface unit 3001 Usually, each of the drive unit 1001 and user interface
comprise a separate processor configured to control the drive unit and user interface respectively. For
example, the user interface 3001 may comprise a fanless processor. The user interface unit processor
may be located inside a housing of the interface unit 3001. Similarly, a separate processor may be
located within the drive unit. Usually, the drive unit processor is located within 'a housing towards. a
front:end of the drive unitin close proximity fo housing or haich 8001. However, a single processor
may be provided which may perform the functions of the drive unit processor orfand user interface
unit processor.

As best illustrated in figure 5 of the accompanying drawings, usually the drive unit 1001 comprises an
integral user interface unit 3001. However, having a drive unit 1001 with integral user interface is
optional, and a physically separate user interface unit 3001 may be provided, separate from the drive
unit. Such a drive unitis ilustrated in figure 6 of the drawings and shows an exemplary drive unit 1001
without user inferface unit. In this example, a separate user interface unit may be-provided as part of
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a kiosk, for example, which is communicatively coupled to one or more drive units 1001 via wireless

orwired communication protocals.

Further, in the embodiment shown in figure. 5, each of the outermaost side panels 5005 is transparent
so-that the interior of each of the hold compartments 7001 and their contents, if any, may he seen

from the outside.

The user interface 3001 unit- may comprise a wireless communication means such as a fransmitter
and receiver which allows the user interface unit 3001 to communicate with any one or more of a
depariure control systeny 1003, the drive unit 1001, and a central server 1007, portable communication

device 1009 or other remote system.

In one-specific exemplary implementation, communication between the drive unit 1001 or platform
and the user interface unit 3001 may be performed by means of wired 24V inputs orfand outputs.

The following input and cutput control signals may be defined.

From user interface to drive unit

= A control signal having a value of *1” may indicate that the user interface is actlive {as a
rasponse to activating the interface unity. A control signal having a value of "0" may indicate
that the user interface is inactive.

s A second control-signal of “1” may relate to-a command originating from the user interface
which instructs the drive unit or platform toopen one of the doors: A value of 0 may relate to
& command originating from the userinterface which instrucls the drive unit or platform to
close one of the doors. Two different control signals may be provided. to allow independent
control of the two doors.

¢ A "HeariBeat” control signal may be defined which concerns continuous communication

between user interface and drive unif.

From drive unit to the user interface

e Afourth control signal of “1” may relate to a command originating from the drive unit instructing
the user interface to activate. A "0” value may be used by the drive unit to acknowledge that
the user interface is inactive {message S&F|sActive).

e A fifth control signal 6f 1" may be used to indicate whether Luggage is.on the platform. A
value of “1" indicates that juggage is on the platiorm. A value of 0 indicates that no luggage is
on the platform or drive unit. Alternatively or in addition to the fifth control signal,-a signal may
be provided to communicate the weight of the item on the platform. This signal may be an
analogue or digital signal.

s Aosixth controbsignal may have a value of 1 which indicates that ons of the doors s open. A
vaiue of 0 indicates that the-door is closed:

PATENT

REEL: 054802 FRAME: 0517



10

15

20

30

35

PT2808 WOOH

10

& Aseventh controlsignabmay indicate whetherthe platform or drive unit is operational. Avalue
of U indicates an error and that the drive unit is not operational. An eighth controf signal may
relate to a “HeariBeal” continuous communication between the drive unit and the user

interface.

in the hearbeat mode of continuous-communication between the drive unit-and the user interface,
each device regularly switches a signal, which is read by the second device. If the second device does
not read any change before-a fimeout, then the cammiunication s consideraed wrong and an-error is

raised. The swilching period may be 50ms and the timeout may be 500ms.

Referring once again to the schematic diagram.of figure 1, the departure control system, DCS 1003
may optionally comprise a local or remotely stored database 1005. Usually, the departure control
system resides on a computer or server which is communicatively coupled, via wired or wireless
communication means, such as a transmitter or receiver, to the drive unit 1001. Alternatively, or in
addition, the departure control system may be communicatively coupled to a central server or
computer 1007 which may be communicatively coupled to the drive unit 1001 as well as.one or maore
additional drive units, not shown in figure 1. In any event, the departure control system may also be

communicatively coupled to a ticketing or/fand sales control system which controls the sale of tickets.

The database 1005 may be stored on a writeable or rewriteable storage medium such as hard disk or
solid state storage means such as flash drive, ROM, RAM, or other storage means-which will be known
to the skilled person, such as cloud storage. The database usually comprises passenger data
associated with a passenger who has previously booked ormade & reservation for a ticket for travel
on a particular scheduled flight operated by an airline. Such departure control systems and ticketing/
sales control systems:are well known to the skilled person, and therefore will not be described in

further detail. The DES may comprise & server or computer hardware coupled to-the storage medium.

The-drive unit 1001 orfand user interface unit 3001 may comprise computer hardware or software
which when executed undertakes one or more predetermined method steps, which will be described
in further detail with reference to Figures 4a and b of the drawings. The software may comprise one
or more modules which may be communicatively coupled to the central server 1007 for example via

a busor via-other wired or wirgless communication means.

The central server 1007, which may be coupled to a contral center 1008 may comprise one or more
of an gpplication programming interface, AP|, 105. The API may be configured to provide one ormore
modules for central management of a fleet of drive units. ‘A control module may be provided which
allows an operator to monitor the current location of the driverunit. The control unit-may also be
configured to change a route followed by the drive unit if needed. Further, falits occurring on a.drive
unit which prevent it from performing atask may be transmitied to the server 1008 or/and to the control
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center 1009. Similarly, any damage or errors associated with a drive unit may be transmitted o the

central server 1007 or/and control center 1009:

The system may further comprise a portable or mobile communication device; or other user device
1009 such as mobile telephone, tablet, laptop, or other communication device which may
communicate with the server 1007 or directly with a drive unit 1001 using wired or wireless
communication protocols (for example using Wi-Fi®™ _third generation (3-G) or fourth generation (4-
G) wireless protocols) which will be known to the skilled person. Usually, the communication device
1009 is associated with the passenger who has made a reservation fora ticket for a journey between

an origin and destination.

The-system may further comprise-a control center consale 1009, which may comprise computer
hardware or software or both. The console 1009 is usually operated airport managementservices and
allows the airport to manage beacons within-a particular area or airport, However; individual airlines
may also operate the conirol console.

The web console 1009 ususlly resides on a separate computeror server, butin principle may be pari
of central server 1007. The web console 1009 may comprise software or hardware which when
executed may perform one 'or more of the method steps described with particular reference to the
control center: The web console may be communicatively coupled-to the server 1007 and in-particular

to the departure control system 1003,

Referring now to the flow diagrams of Figures 4a and 4b of the drawings, the main steps performed
by two embodiments of the invention will now be described. This assumes that a passenger has
arrived at a parking lot 1011 or other item drop off location. This may be close to'a predetermined
region 1013 within an airport precinct or drive unit 1001 base station, which may be within the airport
building or external to the airport building. The base station may include facilities for battery charging
in addition to a wired or wireless connectivity for software or map updates, or other connections, but
these are of course optional. The drive unit. usually resides at a base station'in a wait mode in which
itis able to receive wired or wireless communications from external systems, such as the user interface
unit 3001 or the central server 1007, or mobile communication device 1009.

At step 4001, a passenger may optionally summon the drive unit 1001 to their current location using
separate kiosk or-user interface unit 3001. Alternatively, this step may be performed by a user
launching an application an the mobile device 1009. The application and/or kiosk may use wireless
communication protocols {such as Blustooth or Wi-Fi) to communicate directly with one-or more drive
gnits in the vicinity of the passenger or may communicate with.one or more drive units via the central
server 1007, In the laltar case, the central server communicates with drive unit. The application or
kiosk may communicale location data defining the location of the mobile communication device,
determined for example using GPS. Other methods of locating the mobile communication device will
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be known to the skilied person. For example, the device may use triangulation to determine its current
location. The device may store a predetermined list of areas or airports which are equipped with one
or more drive unit base stations along with an associated location for each area. or airport equipped

with the one or more base stations.

In response to receiving the location of the user, the ceniral server or user interface unit 3001
compares the logation of the drive unit toa database comprising data:defining the location of one or
more drive-units. Based on the comparison, a drive unit which is closest to the passenger progeeds

{o'the current location of the mabile device 1009.

Alternatively at step 4001, the passenger may approach the predetermined location or drive unit base

station 1013 where one or more drive units reside in a wait mode.

In either case, the passenger may optionally touch a touch screen 3003 associated with the user
interface 3001 to start the bag or ilem handling process. Alternatively, the user interface unit 3001
may be provided with a proximily sensor such as a passive infra-red, PIR, sensor to detect an
approaching passenger. In one example, the robot may wail in a wait mode with one of the doors
5001, 5003 in the open position without the need to detect the present of a passenger with the PIR

sSensar.

Inany event, at'step 4003, oneof the processors, such as the'drive unit processor or the userinterface
unit progessorsends an-activation signalto open-one of the-doors 8001, 5003. This may be performed
using one of the door sciuators or motors 12013 or 12015 described in further detall below,

The user interface unit:3001 may then optionally diSpiay on the fouch screen an invitation for @
passenger 10 place a bag in gne of the hold-.compartments 7001, 7003: This may be-in response o
the processer receiving a control signal cenfirming that one of the doors has been opened.

The passenger n’iay then place an item in one of the hold compariments 7001, 7002. The drive unit
processor or user interface unit processor may then detect,at step 4005 that an item has been placed
in‘one of the hold compartments. This may be performed using a weighing sensor or means, such as
for example, a piezoelectric weight sensor. Thus, the unit may detect that a2 bag has been placed ina
hold compartment. An optional further chieck may be performed to determine the weight of the bag

and whether this exceeds a predetermined thresheld:

In response to the unit detecting that an item has been place in one-of the hold compariments 7001,
7002, the user interface unit 1001 may display an'the screen 3003 an invitation for a user'to scan a
token: Usually, the token is a boarding pass or bag fag associated with a passenger who has booked

a flight on an airline carrier.
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The passenger then scans the token. At step 4007, an optional check may be performed to determine
whether the token is valid. This opticnal validation step is described in further detail with-reference to
the flow diagram of figure 4b-of the drawings. In one examiple; the user interface unit processor may
compare data encoded in the token with stored departure control data, such as PNR data, which may
be stored locally onthe drive unitor scanning unit or alternatively maybe remotely stored or'a remote

departure control system.

Atstep 4009, in response-n the user scanning the token, abag tag is printed using the bag iag prinier
3009. Usually, an additional check is performed to determine whether or not the bag tag should be
printed. Theadaitional check: is-also described with reference o figure 4b-of the drawings. Once the
bag tag has been printed, the user interface may display an invitation for the passenger to affix the
bag tagto the item placed in one of the hold comparments 7001 7003. The user may then
subsequently interact with the touch screen 3003 of the user interface unit to confirm that the
passenger has attached the bag tag to the item.

At step 4011, in response to the user confirming that the bag tag has been attached, the drive unit
processoror user interface unit processor sends a control signal to one of the door actualors or motors
12013 or 12015 to close the-door.

At siep 4013, a receipt is printed by the bag tag printer 3013. Subsequently; the drive unit navigates
to a predetermined baggage handling location, at step 4015. This may be performed using the ANT®
navigation system, as well as using the motors 11003, 11005, and is described in further detall with

reference to the flow diagram of figure 4b.

Finally, at step 4017, one or more of the doors are opened by the drive unit processor upon reaching
the predetarmined baggage handling location. This may be done in response {o one of the processors
determining that the drive unit has indeed arrived at the predetermined location: The one or mora
doors: may be opened in a similar-way to that described with reference to step 4003, The drive unit

may then subsequently return ta the starting point.

Referring now to the flow diagram of Figure 4b of the drawings, the main steps performed by a further

embodiment of the invention will now be described.

As previously described with reference to the flow diagram of figure 4a, at step 4001, a passenger
may optionally surnmon the drive unit 1001 to their current location using separate Kiosk or user
interface unit 3001 or alternatively at step 4001, the passenger may approach the predetermined
focation or drive unit base station 1013 where one or more drive units reside in a wait mode.

in either case, the passenger may oplionally touch a fouch screen 3003 associated with the user
interface 3001 to start the bag or item handling process: Alternatively, the user interface unit 3001
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may be provided with & proximity.sensor such as a passive infra-red, PIR, sensor to detect.an
approaching passenger: in-one example; the robot may wait in 3 wait mode with one of the doors
5001, 5003 in'the open position without the need to detect the present of a passenger with the PIR
Sensor.

In any-event, the passenger may scan a token such as boarding pass or bag tag using the scanning
unit 3005. Thus, the scanning unit reads a token presentad by the user, at step'4103. This step may
be performed in response to the user interacting with the user interface unit, for example, by touching
the touch screen. Further, the user interface may display an invitation to a passenger or user to'scan
the foken.

Usually, the scanner is: 3005 is configured to read a 2-dimensional or 3 dimensional barcode
associated with the boarding pass or bag tag. However, the scanner may be configured to recognise
Alpha numeric characters usingan Optical Character Recognition, OCR algorithmwhich will be known
to the skilled person.

The token may be a paper foken such as a printed boarding pass or bag tag. However, it will be
appreciated that any token, such as an electronic boarding pass encoded with data defining a
passeniger and optionally orie or more of a flight number, departure airport, arrival airport, departure

date, and departure time:may beread:

At siep 4105, a delermination is made as to whether the passenger has presented a boarding pass
or bag tag. The user interface unit may distinguish between the bagtag and the boarding pass based
on the format data encoded within the token. For example, the user interface unit may distinguish
between the boarding pass and bag tag based on the format of the barcoded data. For example; a
Bag Tag usually comprises a l-dimentional bar code: For example the bar code may be g 1
dimensional 2-out-0f-5 interlsaved, 10-digit bar code as defined in an IATA PSCRM resolution 740. A
boarding pass usually comprises a 2-dimensional barcode: Forexample, a boarding pass may inglude
2 pdf417 (2D) varcode (for printed boarding passes) or QR code / Aztec /. Datamatrix code as defined
in IATA PSCRM resolution 792

If the user interface unit determinesthat a passenger has presented a bag tag. then the user interface
unit may decode that information within the bag tag, and this information is usually in the form of a bar
code. The data encoded in the bar code which may be prinied the bag tag may comprise a 10-digit
License Plate Code, LPC. The license plate code may be-used to query the.DCS inorder to retrieve
the passenger name record data, PNR data. The data may comprise any one or more of a passenger
nameg, fiight number, destination airport code, arrival airpott code, and may be stored in the BCS.
Thus, a validation-step may be parformed to check-that the bag tag presentad by the passengerisa
valid bag tag.
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Usually, the PNR data retrigved bythe userinterface unitcomprises a passengername, ticket number,
itinerary and so on. However, the data retrieved may depend on the interface offered by the DCS
although usually-the data comprise a complete PNR which contain all the information relevant o the

handling of the passenger and refated bags.

Alternatively, if the user interface unit determines at step'4105 that the.userhas presented a boarding
pass, the information-encoded within the boarding pass may then be decoded.

Regarding the data which is-read from the boarding pass when it is decoded by the user interface unit,
usually the user interface unit may read the complete boarding pass string as defined by the 1ATA

standard outlined above.

Forexample, the unit may read any one ormore of the following fields- a format code; numberof legs
encoded, passenger name, electronic ticket indicator, operating carrier PNR code, from city airport
code, to city airport code, operating carnier designator, flight number date of flight, compartment code,
seat number, checkin sequence number, passenger status, marketing carrier field, sequence number
field, a class name, aticket type name, (such as eleclronic orpaper), boarding time, bgarding gate

number. This data may be decoded into an aipha numeric format.

Any of this information may be optionally be verified against the PNR information. The sligibility check
based on departure airport code may be performed at an early stage of the bag drop process (even
before communication with the DCS takes place) to check that the passenger is eligible fo drop a bag

at the drive unit.

Any one or more of these decoded fields may be compared to corresponding data stored in the airline
DCS to validate it or confirm that there is a-match, and-thus determine whether or not the boarding

pass is'valid.

Of course, the user interface unit'may be optionally configured according to airine preferences to

optionally perform the above comparison.

In one example, the user interface unit requests the same dala from the DCS irrespective of whether
a user presents a bag tag or boarding pass is presented. In other words, the response to the

Passenger Identify call is identical:

Thus, passenger data may be retrieved by using the data in the (boarding pass) barcode to lookup
the passenger in the DCS.

In order to compare the data in'the barcode to lookup the passengerin the DTS, some departure
control systems may only need to yse any one or more of date, booking reference (or PNR record
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locator) and passenger name data. Other departure control systems may require more information or
allow other types-of PNR searches {e.g. by checking for LPC or-combination of flight number; seat

number and flight date.

In addition to distinguishing between the type of document or token presanted by-a user, the user
interface unit may-distinguish: between a 1-stop process (where a bag tag is-printed at the user
interface unit or bag drop) or a 2-stop process (where pre-tagged bags are accepted and the unit does

not print a bag tag).

Regarding the 2-stop mode, the user interface unit software determings whether to print a bagtag or
not by looking for existing, or in other words ‘inactive’ bag tags'in the Passenger Nare Record which
it retrieves from the airline host (DCS): If inactive tags are found, the user interface unit does not print
a new tag. Thus, in the 2-stop mode, usually an agent will have pre-printeda bag tag or g user may
have previously printed the bag tag at a kiosk. In this mode, a passenger scans with the handheld
scanner a pre-printed bag tag and then the unit verifies that the scanned bag tag numberis present
in the passenger data in the DCS. If the bag tag number cannot be maiched to the passenger, or the
bag tag has already been gclivated, the unit may abort the bag drop process by providing a suitable

message to the user.

In the 1-stop mode, if the user interface unit determines that no tags or only active tags are stored in
the associated PNR. The user interface unit then requests the DCS system to assign a bag tag number
which is:.communicated back to the user interface via wired or wireless communication protocols, and
the'bagtag printer 3008 prints the bag tag, atstep 4107. Usually, the bag tag printer aone dimensional
bar code. The code may comprise a 10-digit License Plate Code, LPC.

Thus the 1-stop mode may be favored by a passenger since it aliows for a simpler process by the
passenger, without the need to print a3 bag tag before depositing an item at the drive unit. One
advantage of the user interface unit is-that it can distinguish-between bag tag and boearding pass and
determine whether or not 1o print a bag tag. Further, if the user interface unit determines that a
boarding pass has been scanned, a further determination of whether or not to print @ bag tag may be
made by wirelessly guerying a departure control system to determing a bag tag status stored.in the
departure conirol system.

In either case, the user interface unit 3001 communicates with the departure control system via the
wired or wireless communication means 1o look up data defining the passenger, such as the
passenger name, in the departure control system 1003. Thus; a-comparison is made between the
passenger data read from the foken and the passeriger data stored inthe DCS database. Usually, a
name comparison is performed, but if multiple matches are found in the DCS database, an additional

comparison between the depariure date and time, and the current date and time may be performed
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{o find a2 unigue match between the data encoded within the token and the data stored in'the departure

control-system.

Subseguently, the processor coupled tothe user interface unit 3001 receives, usually via a wireless
communication meansg, the passenger data retrieved from the departure control system 1003, such
any ong or more of the passenger's name, flight number, and baggage allowance.

At this-stage, the processor coupled to the user interface-unjt may addilionally reguest a passenger
identity document, such as a passport oridentity card to be presented and read by the scanning unit
or reader-3005. This has the additional benefit that items may only be processed if the data held in
the departure control system orfand the data read from the presented token {e.g. boarding pass.or
bag tag) maiches the data encoded in the identity document. This information may be encoded in a
machine readable zone, MRZ of a passport oridentity document, and optionally may be encoded in a
chip embedded in the user identity document. The data encoded in the chip may be read using a
wireless communication protocol, such as near field communication, NFC which will be known to the

skilled person.

In this way, the name on the identity document may be compared with the name data in the passenger
data retrieved from the depariure control system orfand the data read from the token presented by the

passenger.

Tha user interface unit may comprise an optional printer 3013 for the printing of a claim tag including
bag tag data which may be used in the event that an item is lost. The user interface unit 3001 may
also-comprise an optional payment terminal in for processing any payments in the event that baggage

fees are due.

At this stage, a further optional security step may be performed by taking an image of the passenger
with the camera 3011. The userinterface -unit processor 3007 may compare the image of the user
with biomelric data stored on the passport. Thus, ifem processing may only proceed if the user
interface unit processor determines that the image of the user maiches the biometric data stored in
the passport. The user interface unit processor 3007 may use known image comparison algorithms to
compare key features of the two images which may be determined using a scale invariant feature

transform, although other algorithms will be known to the skilled person.
If the foken provided by the passenger matches the data stored in the departure control system, the
user interface unit processor 3007 may send a control signal to the drive unit processor to open one

or more of the drive unit doors 5003, at step 4108, as previously described.

Further details of the door mechanisms as well as their controllers and associated contro! processor
will be described with referenceto figures § o113 of the drawings. Figure 7T-of the drawings shows a
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perspective view of the drive unit with one of the doors open. In this configuration one door is retracted
so that it is positioned under the other door.

The passenger then places the luggage or bag in the hold compartment 7001 of the drive unit 1001,
shownin figure 7'of the drawings, after-attaching the bag tag. if necessary. The drive.unit may hold at
least 2 pieces of standard luggage of dimensions 800mm * 500mm * 400mm. it will be noted that in
the exemplary drive unit 1001 shown in figure 7 that two separate hold compartments 7001, 7002 are
provided and each separate hold compartment 7001, 7002 is separated by a wall or partition 7003.

Each movable door of the drive apparatus is coupled to a respective platform and configured to move
between an open position in which the respective platformiis accessible to a user and a closed position
in which the respective platform is enclosed. Each movable door and its corresponding platform thus
help to form an enclosed compariment for storing one or more items, such as oneg or more bags of
luggage, of a user. The one or more enclosed compartments may be formed solely of a platform and
a respective movabledoor. Alternatively, the one or more enclosed compartments may be formed by

cther companents of the drive apparatus, such as one or more walls or partitions.

One particular benefit of the sliding door arrangement shown in figure 7 of the drawings is-that; in
principle, any number of separate or isolated hold compantments may be provided and that each
compartment may be easily accessible by the passenger.

Thus; a drive unit 1001 comprigsing 3 or more-hold compartments may be provided wherein each-of
thie cutermaost two compartments is each adjacent to a different first and second partition, and wherein
the-innermost hold compartment is-adiacent to the firgstand second partitions: in the embodiment
shown in figures 5 to 3 of the drawings-each door is l-shapead insection, so-that a first planar portion
of the door extends to cover-ong face {such as the top face or substantially horizontal face) of the
grive unit and a second planar portion extends to cover a second different face (such as a side face
or substantially vertical face) of the drive unit. Thus, having a door comprising first and second planar
portions arranged to.extend in different planes mearns that the drive unit has easily accessible hold
compartments. In_one specific example, the first and second planar portions are approximately

perpendicuiar to one another.

Further, ‘each hold compartment.may be associated with a door which corresponds to the apening
size of each partition. The processor associated with the drive unit 1001 may be configured io
independently coniral each of the doors between an open position in which the door is retracted below
or above anather door so that the hold compartment is accessible by a passenger to position a piece
of luggage in the hold compariment and a closed position in which the hold compartment’is not

accessible from the exterior of the drive unii by a passenger or other person.
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The passenger may ‘then confirm, using the user interface unit 3001, that the bag is correctly
positioned within the hold compartment and that the door 5003 may be moved from: the open position
to'the closed position, at step4111, and-as shownin figure 5.

Either before or after the door is closed, the drive unit processor may detect, using a weighing sensor,
such as for example, a piezoelectric weight sensor, that'a bag has been placed in a hold compartment
and a further check may be performed to determine the weight of the bag and whether this exceeds

a predetermined threshold.
An-optional receipt may be printed for the passenger with printer 3013,

Atstep 4113, the drive unit processor determines the location ofthe drive unit. This may be performed,
for example using GPS or by triangulation of wireless communication signals. Further; the robot may
navigale using the laser scanners which detects features or obstacles-and navigates-around them.

The processar then compares the location to one or more waypoints 1015, 1017, 1019 associated
with a predetermined route 1021 from the base station'o the baggage handling location 1023. Usually,
the drive unit processor selects the waypoint closest fo the current location and determines the drive
vector (i.e: direction and distance) to that location. The drive unit then moves to the closest waypoint
at step 4115. Once at the one of the waypoint, the drive unit then controls the differential drive
mechanism (for example the motors, described in further detail with reference to figures 10 1o 12 of
the drawings) so that the drive unit follow the predetermined Course or route 4017 based on a
comparison of the current know drive unit location and the logation of the waypoints making up the

predetermined route.

The drive unit may be provided with an ANT® navigation unit. This allows the processor o determine
& position or locationof the drive unit, andto controlthe movement of the drive unit along one ormore
predetermined virtual paths. Such a navigation units are available from BlueBolics SA, of Jordils 418,
CH-1025, St-Sulpice, Swilzerland.

in one example, each drive unit 1001 may comprise a memory (such as a ROM, RAM, or flash memory
for example) for storing a plurality of predetermined, different routes or paths.

Each of the pluraiity of predetermined paths may share a common origin orfand destination. For
example, as shown in figure 2 of the drawings; the two different predetermined training paths 1021,
2021 share a common origin {i.e. the start of each paths are associated with the same location) but
each route or path is defined by one or more different waypoints. This may have the benefit that if an
obstruction is detected by laser scanners 10001 or10003 in the sslected path, that an allernative path
may ‘be selected to avoid the obstruction while still ‘arriving at the destination. An OMRON™ laser
scannermay be usedforobject detections lozalization such as-model OS 32C-5P1.
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At step 4019, once the drive unit has arrived at the destination, an operator may open one or more of
the doors. In one example, a lockable hatch 8001 is provided which is accessible with a2 kay by
authorised baggage handling operators, and one of the doors may be opened by a door control switch.
Alternatively, the drive unit or user interface unit grocessor may detect whether the drive unit has
arrived at the predetermined location and only open one or more of the doors if the processor
determines that the drive  unit has-arrived at the predestermined destination.

As shown in figure 8 and 9 of the drawings, the drive unit: may comprise one or more butions orfand
indicators.

A red emergency stop button 8001 may be provided at the front of the drive unit. Further, an additional
pushbution 8003 located underneath may be provided which provides.the function of resetling the
drive unit after the emergency button has been pressed and released. 4 indicators may also be
provided. A first indicator 9005 is a battery indicator which, when illuminated indicates that the battery
level is too low. A second indicator 9007 provides an indication of whether the navigation system is
correctly functioning. For example if the ANT® pavigation system is not functioning correctly for
example because the platform is lost, @ communication error with the-motor drive has occurred, then
this indicator may be illuminated. A third indicator 9009 may be provided which indicates whether the
emergency button has been pressed or whether an obsiacle detected in the safety zone of the laser
scanner A fourth indicator 9041 may be provided which, when lluminated, provides a power indication
of when the platform is powered on.

A maintenance-interface may also be provided, under the hatch 8001. The-interface may include-an
Ethernet configuration port, as switch to control manual control of apening and closing of the left door
5001, a switch for manually controlling movement of the-platform when pressed, a switch for manual
control of the opening and closing of the right door 5003, and a main power switch.

Once an operator has unioaded the luggage, the drive unit processor closes the door. This may be in
response {othe processor detecting, using the weight sensor, that a bag has been removed from one
or both of the hold compartments 7001, 7003, The drive unit processor may then control the motors,
described in further detail-with reference to figures 10 to 12 of the drawings, so that the unit follows
the predetermined route back to the base station to await further bag drop.

Further functional aspects of the drive unit will now be described with reference {o figures 1010 14 of
the drawings.

As best illustrated by figure 10, the drive unit comprises 2 driving wheels: 10005, 10007, which are

positioned approximately in the centre of the drive unit 1001 measured in a longitudinal direction from
the front to the rearof the robot in the direction of travel. A first motor 11003 coupled to the first wheel
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10005 and a second motoris coupled 011008 is coupled to the'second wheel11007; The drive unit
may also comprise an extendible charging cable 10013 which may extend from the drive unit to a

power source.

The drive. unit comprises at-least one baltery upit and preferably, a split battery arrangement is
provided. As bast illustrated by figure 11 a first battary 11001 may be positioned.a few centimatresin
front of the axis of rotation of sach whee!, towardsthe centre-of the schematic base plate1 1007 shown
in figure 11. The battery or cell may be a 24 Volt, 177 Ah cell and may have a weight of about 60kg
each: This may provide bebween 4 and 12 hours of operation without charging dependent upon use.

The first battery 11001 is ysually positioned so that it approximately lies in the same plane as each
wheel 10008, 10007, and each assaciated drive motor 11003, 11005. The drive motors-11003, 11005
may form a differential drive unit which may be controiled by the processor associated with the drive
unit (not shown'in the drawings). A second battery 11009 may be positioned towards the front of the
drive unit, as best illustrated in figure 11.

The split battery arrangement means that the drive unit'is substantially equally balanced around the
pivot axis of the two wheels 100085, 10007.

Referring now-fo figure 12 of the accompanying drawings, further-details of the door closure and
opening mechanism will be described. A plurality of double pulleys 12001, 12003, 12005, 12007,
12008, 12011 may be provided. In this arrangement each pulley of the double pulley arrangement is
able to rotate freely, and independently of the other pulley. The double pulleys 12001, 12003, 12008,
12007 are positioned close to the base portion 1107 of the drive unit close to the outermost corner of
the drive unit. One of the pulley of the double pulley arrangement 12003 is coupled to a first motor
12013 so that whan the motor rotates 12013, the:wider, and lower pulley shown in figure 12 rotates
moving the cable 12017. The cable passes over the one of the two pulleys of each of the double pulley
arrangements 12001, 12005, 1200712008, 120011 which are freely able fo rotate, and consequently
transfers linear motion at-the bottom rear of the robet indicated by arrow 12018 to a linear motion at
the top front of the drive unit as indicated by arrow 12021. Thus; by coupling one of the doors to a rail
in-close-proximily to arrows 12019 and arrow 12021 one of the doors may be moved from an open
position to a closed position, and vice versa by actuating a single motor 12013. A similar mechanism
and second cable, not shown in figures 12 or 13 is provided for opening and closing of the second
door, and once again, a single motor may be actuated to which is translated into a sliding movement

by the pulley and cable means.
Finally, figure 14 of the drawings shows a schematic illustration of the door actuator mechanism. In
this figure only '@ single cable is shown for clarity,. and the coupling of the cable tothe eachof the two

rails 14001, 14003 is also illusirated

in one specific example, the drive unit may meet the following technical specification:
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General
1.1 Max dimension: 1600 x 1100 x 1600 mm (L xWx H)
1.2 Autonomy: minimum 4h, optimal 12h
1.3 Battery charging via cable
1.4-8pané&Fly integration on the platform:
¢ Topof Scar & Fly unit not higher than 1.50m
¢ 35-45cm space between Scan-& Fly and user to place the suitcase
¢ Display inclined of 10°+/-1°
Mobility
2.1 Maxspeed: 1 m/s
2.2 Ability to move forward and backward
2.:3:Ability fo turn on the spot
2.4 Max slopes: 3%
2.5 Max steps to overcome: 10 mm
2.5 Max gaps to overcome: 10 mm
Perception
3.1 380° safely by way of 2 safety faser scanners
3.2 Laser scanner plane at 100mm +/-50mm from ground
3.3 No perception above the laser plane
34 No perception below the laser plan
3:5 No detection of holes (staircases; sidewalks, etc )
Navigation
4.1 Path following and obstacles avoidance available
4.2 Manual movement by joystick pogsible
Luggage compartment
5.1 Platform able to carry two standard luggage (B00x 800 x 400 mm, 32 kg)
5.2 Floor height of luggage compartment: max 300 mm
5.3 Manual loading and unloading
5.4 Door movement: automatic.and manual {(via push butions)

5.8 Door locking: automatic

From the foregoing, it will be appreciated that the mobile communication or client device may include
a computing device, such as-a deskiop computer, a laptop computer, a tablet computer, a personal
digital assistant. a mobile telephone, a smartphone, an internet enabled television, an internetenabled

television receiver; an internet enabled games console ora portable games device:

The server may comprise a compuler processor running one or more server processes for

cormnmunicating with client devices. The server processes comprise computer readable program
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instructions for carrying out the operations of the present invention. The computer readable program
instructions may be or source code or object code written in or in any combination of suitable
programming languages including procedural programming languages such as C, object orientated
programming languages such as C#, C++ Java, scripting languages, assembly languages, machine

gode instrugctions, instruction-set-architecture (ISA) instructions, and-state-setling data.

The wired orwireless communication s networks described above may be public, private, wired or
wirgless network: The communications network may include.one or more of 2 local area network
(LAN}, a wide area network (WAN), the Internet, a mobile telephony communication system, ora
satellite communication system. The communications network may comprise any suitable
infrastructure, including copper cables, optical cables or fibres, routers, firewalls, swilches; gateway

compuiers and edge servers,

The user interface described above may comprise a Graphical User Interface.

Embodiments of the invention may include an on-sgreen graphical user interface. The user interface
may be provided, for example, in the form of a widget embedded in a8 web site, as an application for a
device, or on @ dedicated landing web page Computer readable program instructions for
implementing the graphical user interface may be downloaded to the client device from a computer
readable storage medium via a network, for example, the internet, a local area network (LAN), a2 wide
area network (WAN) and/or a wireless network. The instructions may be stored ina computer readable

storage medium within the clientdevice.

As:wilf be appreciated by one of skill in the art, the invention described herein may be embodied in
whole or in part as a method, a data processing system, or a computer program product including
computer readable-instructions. Accordingly, the invention may take the fornyof an entirely hardware
embodiment ar an embodiment combining software, ‘hardware -and any other suitable-approach or

apparatus.

The computer readable program instructions may be stored on a non-transitory, tangible computer
readable medium. The computer readable storage medium may include one or more of an electronic
storage device, a magnetic storage device, an oplical storage device, an electromagnstic storage
device, a semiconductor storage device, a portable computer disk, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-only memory (EPROM
or Flash memory), a static random access memory (SRAM), a portable compact disc read-only
memory (CD-ROM), a digital versatile disk (DVD), a memory stick, a floppy disk.

Exemplary embodiments of the invention may be implemented as circuit board which may include a
CPU, a bus, RAM, flash memory, ane or more ports for operation of connected I/O apparatus such as
printers, display, keypads, ‘sensors and cameras, ROM, a commiunications sub-system such as a

modem, and communications media.
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The flowcharts of Figures 4a and b illustrate the operation of an example implasmentation of systems,
methods, and computer program products according to various embodiments of the present invention.
Each block in the flowchart or block diagrams may represent a module comprising one or more
executable:computerinstructions, or a-portion of an instruction, for implementing the legical function
spécified in the block. The order of ‘blocks-in-the diagram is ‘only intended to be illustrative of an
example. Inalternative implementations; the logical functions illustrated in particular blocks may goour
out of the order noted in the figures. For example, two blocks shown as-adjacent one another may be
carried out simultaneously or, depending on thefurictionality, in the reverse order. Each block in the
flowchart may be implemented in software, hardware or a combination of software and hardware.
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CLAIMS
1. A mobile drive apparatus for item handiing-comprising:

a. alleastone platform for supporing an item;

b. adrive means;

¢. a movable door coupled to the at least one platform and configured to move between
an open position in which the platform is accessible to a user and a closed position in
which the platform is enclosed; and

d. acontrol means coupled to-the drive means wherein the control means-is configured to
control the drive means{o move the drive apparatus from a current location associated
with: an item pickup: point to & second different lpcation for processing by an item
handling hub:in response to receiving an indication that a foken presented bythe user

is s valid token.

2. A mobile drive apparatus-according to claim 1, wherein the control means is configured to
communicatively couple with a remote computer or server, such as a departure control system,
and receive a communication from said remote computer or-server indicating that-the token
presented by the user has been determined to be a valid token.

3. A mobile ‘apparatus according to claim 1 or ¢laim 2, wherein the contiol means comprises a
user interface unit and is configured to extract data from a token presented by the user to the
interface unit, and determine whether the presented token is a valid token, based at least in'part
on the extracted data.

4. A mobile apparatus according to claim 3, wherein the control means is configured to determine
whether the presented token is a valid token, by comparing the extracted data with stored data.

5. A mobile apparatus according to claim 4, wherein the exiracted data and the stored data
contains data in at least one of the following fields: a format code; number of legs encoded,
passenger name, slectronic tickat indicator, opsrating carrier PNR code, from city airport code,
to-city airport code, operating carrier designalor, flight number date of flight, compartment code,
seat number, check-in sequence number,; passenger status, marketing carrier field, sequence
number field, a class name, a tickel type name, (such as elgctronic.or paper), boarding Hme,
boarding gate number;

and wherein the control means is configuredto determine that the token is'a valid token
when the sxtracted data matches the stored data in at least one of said fields.

8. A mobile drive apparatus according to-any one of claims 3 to 5, wherein the user interface unit
is configured to distinguish between different types of tokens based on a barcode format
associated with the token.
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7. A mobile drive apparatus according to any one'of claims 310.6, wherein the user interface unit
is configured to determine whether the token is a bag tag or a boarding pass based on the
farmatof the token.

8. A mobile drive ‘apparatus according to claim 7, wherein the user interface unit is further
configured o decode a one dimensional numeric licence plate code associated with a bag tag,
in response to determining that the token presented by the useris a bag tag.

9. A mobile drive apparatus-according to claim 7, whereln the user interface unit is further
configured to decode a two dimensional bar code associated with a boarding pass, in response
to determining that the token presented by the user is a boarding pass.

10. A-mobile drive:apparatus according to any one of glaims 3 to 9, wherain the:user interface unit
comprises reading means for reading a token presented by a use.

1. A-mobile drive apparatus according {0 any preceding claim wherein the drive means
comprises a differential drive arrangement preferably comprising a first motor coupled
to a first driving mechanism means and a second motor coupled to a second driving

mechanism means.

12: A mobile drive-apparatus according {o any preceding claim wherein-the ora first and
second driving mechanism means are positioned approximately in the centre of the
drive apparatus 1001 measured in 3 longitudinal direction from the front-to the rear of

the drive apparatus.

13. A mobile drive apparatus according to any preceding claim further comprising an
slectrical power source, and preferably wherein the power source. comprises ‘a spiit
powsr spurce arrangement comprising first and second power sources.

14. A mobile drive-apparatus according to- claim -8 wherein the first power source is
positioned in close proximity to the axis of rotation of driving mechanism means and
preferably where the second power source is positioned substantially at one end of the

drive-apparatus.

15 A mobile drive apparatus according to any precading. claim wherein drive -apparatus

comprises-a plurality of doors-and wherein each door is independently moveable.

16 A 'mobile drive apparatus according to any precading claim wherein drive ‘apparatus

comprises a plurality of hold compartments separated by a partition.
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17.A mobile ‘drive apparatus gecording to any preceding claim wherein each door
comprises a first planar portion which extends to cover one face of the drive unit and g
second planar poriion extends to cover a second different face of the drive unit, and

preferably wherein the first and second planar portions are substantially perpendicular.

18. A mobile drive apparatus according {0 any preceding claim further comprising a door
mechanism for slideably moving the at least one movable door between the open
position and the closed position.
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ABSTRACT
ITEM HANDLING SYSTEM, METHOD AND APPARATUS THEREFOR

A miobile drive apparatus (1001) for item handling. The driveapparatus comprises at least one platform
for supporting an item; a drive means; and a movable door {5003, 5001) coupled to the at least one
platformand configured to move belween grgpen position in which:the platform is'accessibleto a user
and a closed position inwhich the platform is enclosed. The apparatus further comprises control means
coupled to the drive means. The conirol means are configured to control the drive means to'move the
drive apparatus from a current location associated with an ilem pickup point to a second different
location for processing by an item handling hub, in response to receiving an indication that a foken
presented by the user is-a valid {oken.

[Figure 1]
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