(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/093975 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

8 June 2017 (08.06.2017) WIPOIPCT
International Patent Classification: (81)
GO7F 11/46 (2006.01)

International Application Number:
PCT/IB2016/057330

International Filing Date:
2 December 2016 (02.12.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/263,208 4 December 2015 (04.12.2015) US

Applicant: SIGNIFI SOLUTIONS INC. [CA/CA]; 2100
Matheson Boulevard East #100, Mississauga, Ontario L4W
SE1 (CA).

Inventors: TREADWELL, Simon; 2 Edge Valley Drive,
Etobicoke, Ontario MO9A 4N7 (CA). JAFFER, Shamira;
2100 Matheson Boulevard East #100, Mississauga, Ontario
L4W 5E1 (CA).

Agent: PERRY + CURRIER INC.; 1300 Yonge Street,
Suite 500, Toronto, Ontario M4T 1X3 (CA).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

2017/093975 A1) 000 IO O 00RO 00

(54) Title: AUTOMATED VENDING MACHINE WITH TRAY TRANSPORT SYSTEM

184 108
4 a0 S0 ™
¥ e e ! ¥
7 ,'v
7 « 23
22 214
30 . SiiE
i A1
| ' AR | W
L 150 B < B
. ] L i i} | — 7
70 — = i
e “ r 5
P
b X gl s
% 5
011} | \
¥

FIG. 1 g0

(57) Abstract: An automated vending machine for vending, accepting returns for, and restocking, vendible products. Vendible
products are stored on moveable trays, resting on a shelving system, and are transported within the automated vending machine by a
gantry system and dispensing unit. The shelving system and moveable trays can be adjusted to accommodate vendible products of

o varying shape, size, weight, and durability. The moveable trays are gravity fed forward into position for being coupled with the dis -

W

pensing unit when selected. A supplementary storage area for restocking products and storing returned products is included.
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AUTOMATED VENDING MACHINE WITH TRAY TRANSPORT SYSTEM

FIELD OF THE INVENTION

[0001] The present invention is in the technical field of automated vending machines.

BACKGROUND OF THE INVENTION

[0002] In the past, most automated vending machines, also known as automated retail kiosks, were
used for dispensing beverage cans, bottles, snacks, or other small durable products. More recently,
there has been a demand for developing automated vending machines which can dispense products
of varying size, ranging from large boxed products to small or thin gift cards or personal

accessories, and which can dispense delicate objects, such as electronics.

[0003] One of the problems associated with conventional automated vending machines, and with
recently developed machines, is the difficulty associated with handling products that may vary in
various respects such as size, shape and weight. Existing automated vending machines, for
example, have difficulty securely dispensing both small accessories, such as jewelry, and heavier
sensitive products, such as laptops, within the same system. Attempts at mechanizing the shelving
system in an automated vending machine entails additional moving parts, and thus entails frequent
maintenance concerns. Even still, existing automated vending machines lack the ability to display
products upright as they would appear in a retail store, accept product returns, and restock products

in the way that can be done at a retail store.

SUMMARY OF THE INVENTION

[0004] In the following specification, the automated vending machine described herein generally
comprises a moveable tray. In some instances, the tray can be used for vending a product, returning
a product, or restocking a product in the automated vending machine. Hence, the tray can be

9 >

referred to as a “moveable tray”, “vending tray”, “return tray”, or “restocking tray”, as the case
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may be. However, it is generally appreciated that the term “tray” can refer to the moveable tray

performing any of these functions, as will be appreciated in the relevant context.

[0005] According to an aspect of the specification, an automated vending machine is provided.
The automated vending machine includes a housing defining an interior, the interior having a
dispensing zone accessible from an exterior of the automated vending machine, a shelving system
having wall racking, support shelves, and declined rails, each support shelf of the support shelves
and the wall racking configured with hook coupling mechanisms for facilitating manual releasable
coupling of the support shelf to the wall racking, the wall racking for receiving and supporting
each support shelf of the support shelves at desired heights, each support shelf of the support
shelves supporting a declined rail of the declined rails having a declivity from an upper end of the
declined rail to a lower end of the declined rail and a stopper at the lower end. The automated
vending machine includes a plurality of moveable trays disposed within the interior of the housing,
each of the plurality of moveable trays riding on a respective declined rail of the declined rails,
whereby each respective moveable tray is gravity fed toward the stopper at the lower end of the
respective declined rail, each moveable tray of the plurality of moveable trays configured to
support a vendible product displayed thereon. The automated vending machine includes a
dispensing unit having a coupling mechanism configured to releasably couple with a moveable
tray, and a gantry system configured to move the dispensing unit about the interior of the
automated vending machine and the dispensing zone, and configured to position the coupling

mechanism of the dispensing unit for releasably coupling and decoupling with a moveable tray.

[0006] In some embodiments, the lower end of a declined rail extends in a protruding portion
beyond a respective support shelf supporting the declined rail, and the protruding portion of the
declined rail defines a cutout for receiving the coupling mechanism of the dispensing unit from

below the declined rail for raising a moveable tray off the declined rail.

[0007] In some embodiments, the interior of the automated vending machine includes a
supplementary storage shelving system for storing restocking products, each restocking product

being supported on a moveable tray.
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[0008] In some embodiments, the coupling mechanism of the dispensing unit includes a coupling

magnet for releasably coupling with a magnetic portion of a moveable tray.

[0009] In some embodiments, the coupling magnet of the coupling mechanism comprises an

electromagnet.

[0010] In some embodiments, a moveable tray supporting a vendible product further includes a

retaining magnet for magnetically coupling with a magnetic portion of the vendible product.

[0011] In some embodiments, the dispensing unit is configured to retract a coupled moveable tray

over a support stage of the dispensing unit.

[0012] In some embodiments, at least one of the declined rails comprises a pair of complimentary
declined rails suitable for conforming to a base of a moveable tray by being spaced apart on a

support shelf.

[0013] According to another aspect of the specification, a moveable tray for carrying a vendible
product in an automated vending machine is provided. The moveable tray includes a base
configured to be in slidable communication with a declined rail in the automated vending machine,
the base having an attachable portion for receiving a coupling mechanism of a dispensing unit of
the automated vending machine, and a detachable stand slotted into a slot in the base of the
moveable tray at a juncture, the slot allowing slidable movement of the detachable stand across a
length of the base, the juncture supporting the detachable stand at an inclined angle for supporting
a vendible product leaning upright against the detachable stand.

[0014] In some embodiments, the coupling mechanism of the dispensing unit comprises a coupling
magnet, and the attachable portion of the base comprises a magnetic portion for coupling with the

coupling magnet.

[0015] In some embodiments, at least one of the base and the detachable stand further comprise a

magnet for magnetically coupling with a magnetic portion of the vendible product.
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[0016] According to yet another aspect of the specification, a method of operating an automated
vending machine is provided. The method includes receiving a movement request indicating a first
location and a second location, the first location being occupied by a moveable tray, the second
location being a destination suitable for being occupied by the moveable tray, sending a command
to a gantry system indicating the first location and the second location, using the gantry system to
move a dispensing unit into a position near the first location for coupling with the moveable tray,
coupling the dispensing unit with the moveable tray, using the gantry system to move the
dispensing unit with the moveable tray into a position near the second location for decoupling with
the moveable tray at the second location, and decoupling the dispensing unit from the moveable

tray.

[0017] In some embodiments, the movement request is a vending request, the moveable tray is
carrying a vendible product for being vended, the first location is at a support shelf in a display
area of the automated vending machine, and the second location is at a dispensing zone accessible

from an exterior of the automated vending machine.

[0018] In some embodiments, the movement request is a restocking request, the moveable tray is
carrying a vendible product for being restocked, the first location is at a support shelf in a
supplementary storage area of the automated vending machine, and the second location is at a

support shelf in a display area of the automated vending machine.

[0019] In some embodiments, the movement request is a product return request, the moveable tray
is an empty moveable tray suitable for receiving a product being returned, the first location is at a
support shelf in the automated vending machine for storing empty moveable trays, the second
location is at a dispensing zone accessible from an exterior of the automated vending machine, and
the method further comprises, prior to the decoupling step, receiving a product being returned on
the moveable tray, and using the gantry system to move the dispensing unit with the moveable tray
into a position near a third location for decoupling with the moveable tray at the third location, the
third location being at a support shelf in a supplementary storage area of the automated vending

machine.
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[0020] In some embodiments, the movement request is a product return request, the moveable tray
is an empty moveable tray suitable for receiving a product being returned, the first location is at a
support shelf in the automated vending machine for storing empty moveable trays, the second
location is at a dispensing zone accessible from an exterior of the automated vending machine, and
the method further comprises, prior to the decoupling step, receiving a product being returned on
the moveable tray, and using the gantry system to move the dispensing unit with the moveable tray
into a position near a third location for decoupling with the moveable tray at the third location, the

third location being at a support shelf in a display area of the automated vending machine.

[0021] In some embodiments, following the receiving step, it is verified that the product being

returned has been received on the moveable tray.

[0022] In some embodiments, the coupling step includes positioning a coupling mechanism of the
dispensing unit below an attachable portion of a base of the moveable tray, and raising the coupling
mechanism to couple with the attachable portion of the base of the moveable tray.

[0023] In some embodiments, the coupling mechanism of the dispensing unit comprises a coupling
magnet, and wherein the attachable portion of the base of the moveable tray comprises a magnetic
portion for coupling with the coupling magnet.

[0024] Other features and advantages of the present invention are described more fully below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Preferred embodiments of the present invention will now be described, by way of example

only, with reference to the attached Figures, wherein:

[0026] FIG. 1 is a front view of an automated vending machine;
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[0027] FIG. 2 is a perspective view of the automated vending machine with the housing omitted

to reveal an interior of the automated vending machine;

[0028] FIG. 3 is a partial perspective view of a shelving system of the automated vending machine;

[0029] FIG. 4 is a partial perspective view of an alternative shelving system of the automated

vending machine;

[0030] FIG. 5 is a perspective view of a moveable tray of the automated vending machine;

[0031] FIG. 6 is a perspective view of the moveable tray as viewed from below;

[0032] FIG. 7 is a perspective view of the moveable tray with a detachable stand removed;

[0033] FIG. 8 is a perspective view of a gantry system with a dispensing unit;

[0034] FIG. 9 1s a perspective view of the dispensing unit with a blocking wall;

[0035] FIG. 10 is a perspective view of the dispensing unit, with support stage omitted;

[0036] FIG. 11 is a side view of the dispensing unit, with support stage omitted;

[0037] FIG. 12 is a side view of the gantry system, dispensing unit, and shelving system, with the

dispensing unit coupling with a moveable tray on the shelving system,;

[0038] FIG. 13 is a side view of an alternative dispensing unit;

[0039] FIG. 14 is a flowchart illustrating a method of operating an automated vending machine

for vending a vendible product;
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[0040] FIG. 15 is a flowchart illustrating a method of operating an automated vending machine

for returning a vendible product; and

[0041] FIG. 16 is a flowchart illustrating a method of operating an automated vending machine

for restocking a vendible product.

DETAILED DESCRIPTION OF THE INVENTION

[0042] The present invention relates to an automated vending machine, also known as an
automated retail kiosk, which can automatically vend products, accept returns of products, and
restock products, using moveable trays and a gantry system with a dispensing unit for moving the

trays.

[0043] The automated vending machine includes a modular shelving system that can be adjusted
for allowing trays with products of varying sizes to be displayed with minimal labor required to
adjust the shelving. The automated vending machine can thereby display products of varying
shape, size, weight, and durability. For example, the automated vending machine can stock and
deliver stamps, collectable coins, stationary, gift cards, luxury personal accessories, over-the-
counter drugs, packaged foods, electronic devices such as smartphones and laptop computers, toys,

parcels, and other items.

[0044] The moveable trays rest on rails supported by support shelves. The rails are declined toward
the front of the automated vending machine, thereby allowing the moveable trays to be gravity fed
by the rails toward the front of the automated vending machine. The declined rails and the
moveable trays riding thereon obviate the need for motors, wiring, and moving parts for bringing

products forward, and such associated costs and maintenance concerns.

[0045] The gantry system can lift a moveable tray off the shelving system and deliver the
moveable tray, with its product, to a dispensing zone for a customer to retrieve. The gantry system
can also move trays about the interior of the automated vending machine for other reasons. For

example, the gantry system can move an empty tray, after having just vended a product, to a tray
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disposal area. The gantry system can also retrieve an additional supply of vendible products from
a supplementary storage shelf and move a vendible product to the main product display area for
restocking purposes. The gantry system can also bring an empty tray into the dispensing zone for
receiving a product being returned by a customer, and can then store the returned product in, for
example, the supplementary storage area. The gantry system can be controlled via input commands
made by a customer through a user interface of the automated vending machine, such as when
vending a product, or can be controlled via a networked (cloud) computing system, such as when

restocking a product.

[0046] The automated vending machine can include dynamic lighting for lighting the product
display area, advertising screens, messages, and sounds, for drawing a customer’s attention, and

an interactive user interface device for providing an aesthetic and engaging user experience.

[0047] Referring to FIGS. 1-2, an automated vending machine is indicated generally at 10. The
automated vending machine 10 includes a housing 20, which houses a main product display area
10A and a control area 10B. The housing 20 includes walls 21 A and frame 21B for supporting the
housing 20.

[0048] The main product display area 10A includes support shelves 30, which support rails 50.
The moveable trays 40 ride on the rails 50 and carry and display vendible products 11. The main
product display area 10A is visible through a viewing window 24 at the front of the automated

vending machine 10, and is lit by lighting fixtures 22.

[0049] The automated vending machine 10 also includes a gantry system 60 which can position a

dispensing unit 70 about the main product display area 10A and the control area 10B.

[0050] In some embodiments, the housing 20 can contain thermal insulation to maintain a
relatively constant temperature inside the automated vending machine 10. For example, the walls
21A can include materials like polyurethane form or expanded polystyrene or the like. The viewing
window 24 can also include multi-layered glass to provide thermal insulation and to inhibit

condensation.
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[0051] In some embodiments, the frame 21B can include additional supports for displaying
advertisement screens, posters, or the like, within the main product display area 10A. Similarly,
the walls 21A can include additional supports for such signage on the exterior of the automated
vending machine 10. The main product display area 10A can also contain additional display means
for enhancing the customer’s experience and aesthetics. For example, the display means can
comprise showcases with product samples, images from electronic devices like liquid crystal
displays (LCDs), organic light-emitting diodes (OLEDs), or projectors, and dynamic lighting

fixtures.

[0052] The control area 10B includes control system 25 for controlling the gantry system 60, and
includes a user interface device 26 such as an electronic display for enabling a customer to initiate
the vending and returning processes, described in greater detail below. The control area 10B further
comprises a payment module 27 for facilitating such transactions. In some embodiments, the user
interface device 26 and the payment module 27 may be combined or separated as would be readily

apparent to the person skilled in the art.

[0053] The control system 25 includes a computing system having one or more processors,
memory, and communication devices for facilitating its operation and for interfacing with other
components of the automated vending machine 10. The term “processor” as discussed herein refers
to any quantity and combination of a processor, a central processing units (CPU), a
microprocessor, a microcontroller, a field-programmable gate array (FPGA), and similar. The
memory of the control system 25 can comprise volatile storage, non-volatile storage, or a
combination, such as random-access memory (RAM), read-only memory (ROM), flash memory,

optical storage, magnetic storage, and similar.

[0054] The control system 25 can communicate with the gantry system 60 and the user interface
device 26 and payment module 27 for executing the methods for vending, returning, and
restocking, as discussed in greater detail below. In some embodiments, the control system 25 can
communicate with external systems, such as network (cloud) systems, over one or more computer

networks, which can include the internet, a Wi-Fi network, a local-area network, a wide-area
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network (WAN), a virtual private network (VPN), a combination of such, and similar. For
example, in some embodiments, the control system 25 is configured to alert an external system
that it is low on stock of a given product, and request that additional stock be added to its

supplementary storage shelving.

[0055] The control area 10B further comprises a dispensing zone 28 from which a vended product
can be retrieved by a customer. The dispensing zone 28 can also be the site where products to be
returned are placed. The control area 10B further comprises supplementary storage area 29B, with
additional support shelving 30, for storing additional stock for restocking, or for storing returned
products. The control area 10B further comprises a used tray bin 29A for temporarily storing

unused empty trays. The supplementary storage area is accessible through an access door 23.

[0056] The control area 10B further comprises speakers for conveying auditory information,
sounds, and music, and can include microphones for recording user instructions, a camera for

observing a dispensing zone 28, and a camera for observing a customer.

[0057] For the safety of operators or customers, in some embodiments, the automated vending
machine 10 can include safety sensors attached to the access door 23, dispensing zone 28, or other
appropriate places, which can signal the control systems 25 to halt operations of the automated
vending machine 10. For example, when an operator opens the access door 23, the gantry system

60 can be instructed to stop moving.

[0058] Referring now to FIG. 3, the shelving system is described in greater detail. The shelving
system comprises a wall rack 33, a support shelf 30, and a rail 50 for supporting a moveable tray
40. Each support shelf 30 comprises a front support shelf 30A and a rear support shelf 30B, with
the front support shelf 30A being situated nearer to the viewing window 24.

[0059] Each front and rear support shelf 30A, 30B comprises a hook coupling mechanism for
releasably coupling with the wall rack 33. In the present embodiment, each support shelf 30A, 30B
comprises a tongue 31, and the wall rack 33 comprises slots 32 for engaging in a tongue-and-slot

connection. In other embodiments, the wall rack 33 may comprise tongues, and each support shelf

10
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30A, 30B may comprise a slot. Other mechanical connections that allow for manual assembly and

disassembly are contemplated.

[0060] In the present embodiment, wall rack 33 comprises several slots 32 along its length,
allowing each front support shelf 30A and rear support shelf 30B to be independently supported
at various heights. The vertical spacing between each of the several support shelves 30A, 30B can
therefore be extended by placing the shelves farther apart to provide the required space for carrying

and displaying a variety of products 11.

[0061] In some embodiments, the slots 32 can have symbols or numbers (not shown) to identify
the height level of the support shelf 30. In some embodiments, a support shelf 30A, 30B can also

have an embedded leveler tool (e.g. a bubble level) for easily determining its slope.

[0062] To support a rail 50, a front support shelf 30A is slotted into the wall rack 33 at a certain
height, and a rear support shelf 30B is slotted into the wall rack 33 at a greater height. The support
shelf 30, and the rail 50 situated thereon, are thus declined toward the front of the automated
vending machine 10. The moveable trays 40, situated on rails 50, are thereby gravity fed forward
toward the viewing window 24. The front end of each rail 50 includes a stopper 51 which prevents
the moveable tray 40 from sliding further off the rail 50. Thus, in operation, when one moveable
tray 40 1s removed from a shelf 30, another moveable tray can take its place without the use of any

moving parts or motors.

[0063] Each rail 50 has a hook structure underneath it for hooking securely with the shelf 30 by
mating with the notches 34, which securely hold each rail 50 in place. A variety of mechanical

connections between the rail 50 and the shelf 30 is contemplated.

[0064] The front portion of the rail 50 extends forward from the front shelf 30A and features a
cutout 52 at its lower front end. The front-most moveable tray 40 on the rail 50 therefore rests on
the on the rail 50 with an open space underneath. This cutout 52 provides space for the dispensing

unit 70 to couple with and lift the moveable tray 40, as described in greater detail below.

11
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[0065] The width of each rail 50 can vary depending on the required width of each moveable tray
40, as required by the size of the vendible product 11. For larger moveable trays 40, the depth of
the cutout 52 in the front portion of the rail 50, from the front end of the rail 50 toward the front
shelf 30A (in the Z direction of FIG. 8), can be larger so that the cutout 52 extends generally under

5 the centre of the moveable tray 40. In a preferred embodiment, the depth of the cutout 52 is greater
than half the depth of the moveable tray 40.

[0066] FIG. 4 shows another embodiment in which the rail 50 is substituted for a pair of

complementary rails S0B. The pair of complementary rails 50B is, as above, situated across a front

10 shelf 30A and a rear shelf 30B, and can mate with notches 34. The pair of complementary rails

50B also extends further than the front shelf 30A, leaving an open space underneath each moveable

tray 40. The distance between each of the complimentary rails can be readily adjusted to

accommodate the width of the moveable tray 40 holding the vendible product 11. Each rail in the

pair of complementary rails S0B has an L-shaped cross section at each side and has a stopper 51

15 at the front end which prevents a moveable tray 40 riding thereon from sliding further off the
support shelf 30.

[0067] In the present embodiment, each support shelf 30A, 30B is made of steel, and is of a C-
shaped cross section to distribute the load acting it, and has notches 34 to mate with rails 50.
20
[0068] Referring now to FIGS. 5-6, a moveable tray 40 is described in greater detail. The moveable
tray 40 comprises a base 41 and a stand 42. The stand 42 is slotted into the base 41 near the rear
end of the base 41. The stand 42 extends upwards at an angle conducive to supporting and
displaying a product. In some embodiments, a vendible product 11 can be stood up against the
25  stand 42 to allow the vendible product 11 to be displayed upright, as it would appear in a retail

store.

[0069] The moveable tray 40 can have a retaining element to hold the product 11 securely. The
retaining element can be an adhesive material or a magnet which can magnetically couple to a
30  magnet or magnetic substance attached to a vendible product 11. In the present embodiment, the

retaining element is a retaining magnet 42A, such as a permanent magnet. The retaining magnet

12
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42A can magnetically couple with a magnetic portion of the vendible product 11 or its packaging,
such as a magnetic sticker, to securely and releasably hold the vendible product 11 in place. The
retaining magnet 42A is slidably attached to the stand 42 so that the position of the retaining
magnet 42A can be adjusted to couple with the magnetic portion of the vendible product 11. These
retaining magnets 42A can comprise neodymium magnets, flexible magnets, or other types of

magnets depending on shapes, magnetic strengths, environments and costs.

[0070] The moveable tray 40 is movable along the rail 50 by moving elements between the rail 50
and the tray. The moving elements can include low-friction material, having reduced sliding
friction with the rails 50, wheels, or similar. In the present embodiment, the moveable tray 40 has
four wheels 44 under its base 41 for moving along the rails 50, the wheels being made of a material

with low friction with the rails 50, such as plastic.

[0071] The moveable tray 40 has a bumper 43 at a front end thereof to prevent a vendible product
11 from slipping off the front of the moveable tray 40. Additionally, the bumper 43 provides

pushing assistance for stabilizing each moveable tray in a queue of moveable trays on the rail 50.

[0072] Asseen in FIG. 6, the base 41 has a magnet attachable portion 45 at the bottom for coupling
with a magnet on the dispensing unit 70, as discussed in greater detail below. The magnet
attachable portion 45 can be made of magnetic materials such as steel. In embodiments in which
the coupling with the dispensing unit 70 is achieved by means other than magnetic coupling, other

mechanical means for coupling with the dispensing unit are contemplated.

[0073] Asshown in FIGS. 5 and 6, the stand 42 is slotted into a slot, or rails, at a juncture, allowing
the stand 42 to slide forward and backward along a length of the moveable tray 40 to adjust the
space on the moveable tray 40 available to accommodate a vendible product 11. In the present
embodiment, the stand 42 can be slid back and forth on stand slot 42B for this purpose. In some
embodiments, the angle of the stand 42 is adjustable. The stand 42 is thereby movable to the
required angles and distances for displaying a vendible product 11 effectively, and for adjusting

the space provided by the moveable tray 40 to suit a particular product size.

13



10

15

20

25

30

WO 2017/093975 PCT/IB2016/057330

[0074] As shown in FIG. 7, the stand 42 is detachable from the base 41 to provide additional space
for an oversized vendible product 11, if required. In some embodiments, the base 41 includes a
base-retaining magnet 47, which can magnetically couple with a magnetic portion of the vendible
product 11 or its packaging, such as a magnetic sticker, to securely and releasably hold the vendible
product 11 in place. The base-retaining magnet 47 is slidably attached to the base 41 so that the
position of the base-retaining magnet 47 can be positioned to couple with the magnetic portion of

the vendible product 11.

[0075] When the stand 42 is detached, a rear stopper 46 can be extendable to support the vendible
product 11 from the rear. When the vendible product 11 is tall or thick, such as a laptop computer,

large toy, or other large item, the rear stopper 46 is extended.

[0076] Referring now to FIG. 8, a gantry system 60 is described. Gantry system 60 is capable of
moving a dispensing unit 70 in the X (horizontal) and Y (vertical) directions using motors 61. In
the present embodiment, the gantry system 60 moves along toothed belt axes allowing accurate
movements of the gantry within a margin of error of about £0.1mm. Other means of moving the
gantry system 60 are contemplated. In the present embodiment, the gantry system 60 can move in
the X and Y directions simultaneously so as to move about the main product display area 10A, and

the control area 10B, quickly.

[0077] The dispensing unit 70 is designed to lift a moveable tray 40 from a shelf 30, and, along
with gantry system 60, move the moveable tray 40 to its destination, as in the methods for vending,
returning, and restocking products, as outlined in greater detail below. The dispensing unit 70
generally comprises a picker 72 and a stage 71. The picker 72 comprises several components
which, working together, can extend in the Z direction to couple with a tray 40, and retract to bring
the tray 40 over the stage 71. The stage 71 provides a degree of safety and protect the vendible

product 11 and moveable tray 40 as they are moved about the automated vending machine 10.
[0078] To facilitate with alignment of the picker 72 with a moveable tray 40, the bumper 43 on a

moveable tray 40 can be marked, and the dispensing unit 70 can comprise optical sensors for

aligning with the mark.
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[0079] In some embodiments, the dispensing unit 70 can include at least one blocking wall as
shown in FIG. 9, such as acrylic wall 71A, for preventing a customer from reaching past the
dispensing unit 70 when it is in the dispensing zone 28. In some embodiments, the acrylic wall
71A can be configured to emit LED light for illuminating the area. In other embodiments, the
blocking wall can comprise a wall of hard transparent plastic, plastic or metal fencing, or similar.
The stage 71 can also include lighting fixtures for illuminating the selected vendible product 11
effectively. For example, a light guide stage including LEDs can illuminate the product from an

appropriate direction.

[0080] Referring now to FIGS. 10-11, the picker 72 is described in greater detail. The picker 72 is
the extending portion of the dispensing unit 70 which engages with a selected moveable tray 40
when the moveable tray 40 is selected for retrieval. The picker 72 comprises a lower linear axis

74A, an extending arm 74, and a slider 73.

[0081] The extending arm 74 travels along the lower linear axis 74A by means of a toothed rack
75A and pinion drive 75. In the present embodiment, the extending arm 74 is capable of travelling

at a speed of about S0mm/s with a repetition accuracy of about +£0.08mm.

[0082] The slider 73 is linearly actuatable with respect to extending arm 74. In the present
embodiment, the slider 73 1s coupled, through a belt drive, with a lower slider 73A in mechanical
communication between the lower linear axis 74A and the extending arm 74, allowing the slider
73 to slide along the extending arm 74 as the extending arm 74 travels along the lower linear axis

74A.

[0083] In other embodiments, other configurations of the picker 72 are contemplated in which the

picker 72 can extend from the dispensing unit 70 to couple with a moveable tray 40.
[0084] FIG. 11 shows the picker 72 coupled with a moveable tray 40. In operation, the extending

arm 74 and slider 73 move forward in the Z axis toward a selected moveable tray 40 for coupling.

A coupling mechanism on slider 73 engages with the moveable tray 40. In the present embodiment,
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the coupling mechanism of the slider 73 comprises a magnetic portion 76, and the moveable tray
40 comprises a magnet attachable portion 45 on its base 41. In the present embodiment, the

magnetic portion 76 can comprise a permanent magnet.

[0085] In some embodiments, the magnetic portion 76 can comprise an electromagnet. In such
embodiments, the magnetic portion 76 can be alternately magnetized and unmagnetized as

required for alternately retaining and releasing the dispensing unit 70 from the tray 40.

[0086] In other embodiments, the coupling mechanism can be a mechanical attachment for

mechanically engaging with the base 41 of the moveable tray 40.

[0087] FIG. 12 is a side profile view of the dispensing unit 70 in operation retrieving a selected
moveable tray 40 from a support shelf 30. The dispensing unit 70 is shown in position in front of
a front shelf 30A and aligned with a selected moveable tray 40 for retrieval. The extending arm 74
is shown extended across the lower linear axis 74A by the pinion drive 75. The slider 73 is shown
situated underneath the selected moveable tray 40, with the magnet portion 76 magnetically

coupling with the magnet attachable portion 45 of the selected moveable tray 40.

[0088] The depth of motion of the extending arm 74 and the slider 73 can vary depending on the
size of the moveable tray 40 being retrieved. For example, where the moveable tray 40 is large,
the slider 73 will extend further in the Z direction (see FIG. 8) because the magnet attachable

portion 45 of the tray is situated further away from the dispensing unit 70.

[0089] After coupling with the selected moveable tray 40, the slider 73 and extending arm 74 can
retract under the stage 71 of the dispensing unit 70, situating the selected moveable tray 40 over
the stage 71, for transporting. Since the support shelf 30 and the rail 50 situated thereon are
declined toward the front of the automated vending machine 10, the next moveable tray in the

queue is gravity fed toward the front of the front support shelf 30A.

16



10

15

20

25

30

WO 2017/093975 PCT/IB2016/057330

[0090] In some embodiments, the slider 73 can include contact (e.g., mechanical switches) or non-
contact (e.g., optical devices) sensors to verify whether it has coupled with the selected moveable

tray 40.

[0091] After the selected moveable tray 40 (and in some instances, with its vendible product 11)
is settled over the stage 71, the gantry system 60 moves the dispensing unit 70 with the selected
moveable tray 40 to the appropriate destination. During a vending process, as discussed in greater
detail below, the moveable tray 40 is transported to the dispensing zone 28 (see FIG.1) to be

received by a customer.

[0092] When a customer picks up the vendible product 11 off the moveable tray 40 in the
dispensing zone 28, the moveable tray 40 is left by the customer in the dispensing zone 28. The

moveable tray 40 is subsequently removed from the dispensing zone 28 by the gantry system 60.

[0093] During a vending process, after the vendible product 11 has been removed by the customer,
the gantry system may move the moveable tray 40 to a used tray bin 29A for storage. In some
embodiments, the used tray bin 29A can be monitored by cameras installed inside the automated

vending machine 10 to monitor the disposal of trays in the used tray bin 29A.

[0094] In some embodiments, access to the dispensing zone 28 can be limited to the customer by
a dispensing zone hatch, which can alternately open and close access to the dispensing zone 28 as
required. In such embodiments, the dispensing zone 28 can include electrical sensors or optical

sensors to control opening speed of the dispensing zone hatch for a customers’ safety.

[0095] In some embodiments, the dispensing zone 28 can also include sensors or cameras to
identify whether a vendible product 11 is present in the dispensing zone 28, or whether it has been
removed from the dispensing zone 28 by the customer. The dispensing zone 28 can also include

lighting fixtures to illuminate the area and draw the attention of the customer.

[0096] Other embodiments of the picker 72 are contemplated. In the present embodiment, the

picker 72 operates using a linear actuator mechanism, involving the extending arm 74, the slider
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73, and the lower linear axis 74A. This combination is suitable for reaching relatively long
distances, such as for coupling with large trays. In other embodiments, however, where only small
trays are used, the picker 72 may operate without a lower linear axis 74A. In such embodiments,
the extending arm 74 can be fixed to the dispensing unit 70, protruding forward somewhat from
the stage 71, allowing the slider 73, for coupling with a small moveable tray 40 on the shelf 30.

Such an embodiment is exemplified in FIG. 13.

[0097] Referring to FIG. 14, an exemplary method 100 of operating an automated vending
machine for vending a product is disclosed. The method 100 is described as performed by a system
described herein, but this is not limiting and the method can alternatively be performed by other

systems.

[0098] At step 110, a vending request is received by control system 25 indicating a selected
moveable tray 40 carrying a product to be vended (a “vending tray”). In one embodiment, the
vending request is input by a customer through a user interface device 26 and payment module 27.
In other embodiments, the vending request can be received via a telecommunications network in
communication with the control system 25. The control system 25 stores a mapping of products
and their tray locations (X, Y coordinates) and selects an appropriate tray based on the product

selected by the customer.

[0099] At step 120, a command is sent to the gantry system 60 indicating the location of the
selected vending tray 40, to move the dispensing unit 70 in position for coupling with the vending
tray 40. In the present embodiment, the location of the vending tray 40 is stored in memory of
control system 25 and the tray 40 i1s mapped to the product carried. In other embodiments, the
location of vending tray 40 is stored in memory of a cloud system in communication with the
control system 25. In the present embodiment, the vending tray 40 is stored on a support shelf 30

in the main product display area 10A.

[00100] At step 130, a gantry system 60 is used to move the dispensing unit 70 into the
appropriate X, Y position (see FIG. 8) for coupling with the vending tray 40.
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[00101] At step 140, the dispensing unit 70 couples with the vending tray 40. In the present
embodiment, the dispensing unit 70 is coupled with the vending tray 40 by the following action.
The dispensing unit 70 moves slightly downward in the Y direction (see FIG. 8), the extending
arm 74 extend forward in the Z direction, and the slider 73 slides forward in the Z direction to be
positioned underneath the vending tray 40. Once positioned, the dispensing unit 70 moves upward
in the Y direction to couple the magnetic portion 76 of the slider 73 to the magnetic attachable
portion 45 of the vending tray 40. In other embodiments, this coupling can be achieved by
mechanical coupling. Once the vending tray 40 and slider 73 are coupled, the extending arm 74
and the slider 73 retract backward in the Z direction to bring the vending tray 40 over the stage 71
of the dispensing unit 70. In some embodiments, at this step, sensors of the dispensing unit 70 can

detect whether the tray 40 and the product 11 are securely positioned on the dispensing unit 70.

[00102] At step 150, the gantry system 60 is used to move the dispensing unit 70 with the
coupled vending tray 40 to the X, Y coordinates of the dispensing zone 28. While in the dispensing
zone 28, the vendible product 11 is accessible to a customer. When a customer retrieves the
delivered vendible product 11, the vending tray 40 is left behind within the dispensing zone 28,
still coupled with the slider 73.

[00103] It 1s optional at this point, in step 160, for sensors or cameras on the dispensing unit
70 or in the dispensing zone 28 to detect whether the vendible product 11 was successfully
delivered to the customer. If the vendible product 11 remains after a predetermined length of time,
the automated vending machine 10 can issue a reminder the customer to retrieve the vendible
product 11, by use of lighting fixtures on the dispensing unit 70 or in the dispensing zone 28, or

through the use of speakers, or the user interface device 26.
[00104] At step 170, the vending tray 40, having delivered its vendible product 11, is moved

by the gantry system 60 to the X, Y coordinates of a tray storage location, such as the used tray
bin 29A or a support shelf in supplementary storage area 29B.
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[00105] At step 180, the dispensing unit 70 is then decoupled from the vending tray 40.
Cameras or sensors in the used tray bin 29A may detect whether the vending tray 40 has been

received, or whether the used tray bin 29A 1s full.

[00106] FIG. 15 shows an exemplary method 200 of operating an automated vending
machine for returning a vendible product. The method 200 is described as performed by a system
described herein, but this is not limiting and the method can alternatively be performed by other

systems.

[00107] At step 210, a return request is received by control system 25 indicating a vendible
product 11 to be returned. In the present embodiment, the return request is input by a customer
through a user interface device 26 and payment module 27. The control system 25 selects an
appropriately sized and configured moveable tray 40 (“return tray”) for receiving the specific

product 11 being returned.

[00108] At step 220, a command is sent to the gantry system 60, indicating the X, Y
coordinates (see FIG. 8) of the location of the return tray 40 and X, Y coordinates of a return
location for returning the return tray 40. The command triggers the movement of the dispensing
unit 70 into position for coupling with the return tray 40. In the present embodiment, the location
of the return tray 40 and the return location are stored in the memory of the control system 25. In
other embodiments, these locations are stored in memory of a cloud system in communication with
the control system 25. The location of the return tray 40 may be at a support shelf 30 in
supplementary storage area 29B awaiting use. The return location may be an empty location on a
support shelf 30 in the supplementary storage area 29B, or may be an empty location on the support
shelf 30 in the main product display area 10A.

[00109] At step 230, a gantry system 60 is used to move the dispensing unit 70 into position
for coupling with the return tray 40.
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[00110] At step 240, the dispensing unit 70 couples with the return tray 40. In the present
embodiment, the dispensing unit 70 is coupled with the return tray 40 by the same action as

described at step 140 in FIG. 14.

[00111] At step 250, the gantry system 60 is used to move the dispensing unit 70 with the
coupled return tray 40 into the dispensing zone 28. The dispensing zone 28 is opened to the

customer to return the vendible product 11.

[00112] At step 260, the vendible product 11 is received on the return tray 40 coupled with
the dispensing unit 70 in the dispensing zone 28. The product 11 can be magnetically coupled to
the return tray 40 by a retaining magnet 42A or a base-retaining magnet 47 so that the vendible
product 11 and the tray 40 can be securely transported within the automated vending machine 10.
In some embodiments, sensors or cameras on the dispensing unit 70 or in the dispensing zone 28
can identify the vendible product 11 before proceeding to the next step. In other embodiments, the
identity of the vendible product 11 can be verified at a later point in time by, for example, visual
verification, prior to the customer being refunded/credited for returning vendible product 11.
Refunding or crediting the customer for the return can be withheld until an inspection of the
returned product is performed. In this regard, the control system 25 can issue a notification via a
network to an operator of the machine to indicate that a product has been returned and that manual
collection and inspection of the returned product should be scheduled. In some embodiments, the
identity of the returned product can be verified by a camera or other optical sensor in the dispensing

zone 28, or in the supplementary storage area 29B.

[00113] After step 260, depending on where the return location is, either step 270 or step
275 1s performed. In embodiments in which the identity of the product being returned cannot be
readily verified, the return location is preferably an empty tray location in the supplementary
storage area 29B, where the product being returned can be inspected before further use. In
embodiments in which the identity of the product being returned can be readily verified, whether
by cameras or optical sensors, the return location can be an empty tray location in the main product

display area 10A.
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[00114] At step 270, gantry system 60 is used to move the dispensing unit 70 with the
coupled return tray 40 to a support shelf 30 in the supplementary storage area 29B. Alternatively,
at step 275, gantry system 60 is used to move the dispensing unit 70 with the coupled return tray
40 to a support shelf 30 in the main product display area 10A.

[00115] At step 280, the dispensing unit 70 is decoupled from the return tray 40. In the
present embodiment, the dispensing unit 70 is decoupled from the return tray 40 by the following
action. The dispensing unit 70 moves slightly down in the Y direction, and the extending arm 74
and the slider 73 retract backward in the Z direction, releasing the return tray 40 onto the support

shelf 30.

[00116] FIG. 16 shows an exemplary method 300 of operating an automated vending
machine for restocking a vendible product. The method 300 is described as performed by a system
described herein, but this is not limiting and the method can alternatively be performed by other

systems.

[00117] At step 310, a restocking request is received by control system 25 indicating a
vendible product 11 to be restocked, and a selected moveable tray 40 for transporting the vendible
product 11 to be restocked (a “restocking tray”), with the restocking tray carrying the vendible
product 11. In the present embodiment, the restocking request is generated at the control system
25 based on recognition that the vendible product 11 is out of stock. In other embodiments, the
restocking request can be received by control system 25 from a cloud system in communication

with the control system 25.

[00118] At step 320, a command 1s sent to the gantry system 60 indicating the X, Y
coordinates of the location of the restocking tray 40 and the X, Y coordinates of the restocking
location for the vendible product 11 to be restocked. The command triggers the movement of the
dispensing unit 70 into position for coupling with the restocking tray 40. In the present
embodiment, the location of the restocking tray 40 is stored in memory of control system 25. In

other embodiments, the location of restocking tray 40 is stored in memory of a cloud system in
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communication with the control system 25. The restocking tray 40 with the vendible product 11

may be stored on a shelf 30 in the supplementary storage area 29B awaiting use.

[00119] At step 330, a gantry system 60 is used to move the dispensing unit 70 into position
for coupling with the restocking tray 40.

[00120] At step 340, the dispensing unit 70 couples with the restocking tray 40. In the
present embodiment, the dispensing unit 70 is coupled with the restocking tray 40 by the same

action as described at step 140 in FIG. 14.

[00121] At step 350, the gantry system 60 is used to move the dispensing unit 70 with the
coupled restocking tray 40 to the restocking location at a support shelf 30 in the main product

display area 10A.

[00122] At step 360, the dispensing unit 70 is decoupled from the restocking tray 40. In the
present embodiment, the dispensing unit 70 is decoupled from the restocking tray 40 by the same

action as described at step 280 in FIG. 15.

[00123] It is contemplated that variations in the methods 100, and 200, and 300, may be
employed. For example, the gantry system 60 may be sent the relevant locations (e.g. of the return
tray or return location) at other times throughout the return process. For example, in method 200,
the return location may be sent to the gantry system 60 only just prior to step 280 or 285. As
another example, in method 100, a vending tray 40 can be returned to an empty location in the

main product display area 10A.

[00124] More generally, other embodiments of the automated vending machine 10 are
contemplated, including embodiments in which its major features, including the main product
display area 10A, control area 10B, dispensing zone 28, and supplementary storage area 29B are
rearranged. For example, the supplementary storage area 29B may be situated within the main
product display area 10A, or the user interface device 26 may be further spaced away from the

control system 25.
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[00125] Thus, it can be seen that the present invention provides automated vending machine
that can vend vendible products, accept returns of vendible products, and restock vendible
products, the products being of various sizes and handling requirements, using a gantry system,
moveable trays, and a gravity-fed modular shelving system. The shelving system can be readily
manually arranged and requires minimal maintenance. A wide variety of different products can be
handled in the same machine at the same time. That is, products of various sizes, weights, shapes,
fragility, and display requirements can be readily sold from one machine. The automated vending

machine further provides customers with an aesthetic and engaging experience.
[00126] The scope of the claims should not be limited by the embodiments set forth in the

above examples, but should be given the broadest interpretation consistent with the description as

a whole.
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We Claim:

An automated vending machine comprising:

a housing defining an interior, the interior having a dispensing zone accessible from an

exterior of the automated vending machine;

a shelving system having wall racking, support shelves, and declined rails;

each support shelf of the support shelves and the wall racking configured with hook
coupling mechanisms for facilitating manual releasable coupling of the support shelf to the
wall racking, the wall racking for receiving and supporting each support shelf of the support

shelves at desired heights;

each support shelf of the support shelves supporting a declined rail of the declined rails
having a declivity from an upper end of the declined rail to a lower end of the declined rail

and a stopper at the lower end,

a plurality of moveable trays disposed within the interior of the housing, each of the
plurality of moveable trays riding on a respective declined rail of the declined rails,
whereby each respective moveable tray is gravity fed toward the stopper at the lower end

of the respective declined rail;

each moveable tray of the plurality of moveable trays configured to support a vendible

product displayed thereon;

a dispensing unit having a coupling mechanism configured to releasably couple with a

selected moveable tray of the plurality of moveable trays; and

a gantry system configured to move the dispensing unit about the interior of the automated

vending machine and the dispensing zone, and configured to position the coupling
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mechanism of the dispensing unit for releasably coupling and decoupling with the selected

moveable tray.

2. The automated vending machine of claim 1 wherein the lower end of a declined rail of the
declined rails extends in a protruding portion beyond a support shelf supporting the declined rail,
the protruding portion of the declined rail defining a cutout for receiving the coupling mechanism

of the dispensing unit from below the declined rail for raising a moveable tray off the declined rail.

3. The automated vending machine of claim 1 wherein the interior of the automated vending
machine further comprises a supplementary storage shelving system for storing restocking

products, each restocking product being supported on a moveable tray.

4. The automated vending machine of claim 1 wherein the coupling mechanism of the
dispensing unit comprises a coupling magnet for releasably coupling with a magnetic portion of

the selected moveable tray.

5. The automated vending machine of claim 4 wherein the coupling magnet of the coupling

mechanism comprises an electromagnet.

6. The automated vending machine of claim 1 wherein a moveable tray supporting a vendible
product further comprises a retaining magnet for magnetically coupling with a magnetic portion

of the vendible product.

7. The automated vending machine of claim 1 wherein the dispensing unit is configured to

retract a coupled moveable tray over a support stage of the dispensing unit.
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8. The automated vending machine of claim 1 wherein at least one of the declined rails
comprises a pair of complimentary declined rails suitable for conforming to a base of a moveable

tray by being spaced apart on a support shelf.

9. A moveable tray for carrying a vendible product in an automated vending machine, the

moveable tray comprising:

a base configured to be in slidable communication with a declined rail in the automated
vending machine, the base having an attachable portion for receiving a coupling

mechanism of a dispensing unit of the automated vending machine; and

a detachable stand slotted into a slot in the base of the moveable tray at a juncture, the slot
allowing slidable movement of the detachable stand across a length of the base, the juncture
supporting the detachable stand for supporting a vendible product leaning upright against
the detachable stand.

10. The moveable tray of claim 9 wherein the coupling mechanism of the dispensing unit
comprises a coupling magnet, and wherein the attachable portion of the base comprises a magnetic

portion for coupling with the coupling magnet.

11. The moveable tray of claim 9 wherein at least one of the base and the detachable stand
further comprise a magnet for magnetically coupling with a magnetic portion of the vendible

product.

12. A method of operating an automated vending machine, the method comprising:
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receiving a movement request indicating a first location and a second location, the first
location being occupied by a moveable tray, the second location being a destination
suitable for being occupied by the moveable tray;

sending a command to a gantry system indicating the first location and the second location;

using the gantry system to move a dispensing unit into a position near the first location for

coupling with the moveable tray;

coupling the dispensing unit with the moveable tray;

using the gantry system to move the dispensing unit with the moveable tray into a position

near the second location for decoupling with the moveable tray at the second location; and

decoupling the dispensing unit from the moveable tray.

The method of claim 12 wherein the movement request is a vending request, the moveable

tray 1s carrying a vendible product for being vended, the first location is at a support shelf in a

display area of the automated vending machine, and the second location is at a dispensing zone

accessible from an exterior of the automated vending machine.

14.

The method of claim 12 wherein the movement request is a restocking request, the

moveable tray is carrying a vendible product for being restocked, the first location is at a support

shelf in a supplementary storage area of the automated vending machine, and the second location

is at a support shelf in a display area of the automated vending machine.
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15. The method of claim 12 wherein the movement request is a product return request, the
moveable tray is an empty moveable tray suitable for receiving a product being returned, the first
location is at a support shelf in the automated vending machine for storing empty moveable trays,
the second location is at a dispensing zone accessible from an exterior of the automated vending

machine, and wherein the method further comprises, prior to the decoupling step:

receiving a product being returned on the moveable tray; and

using the gantry system to move the dispensing unit with the moveable tray into a position
near a third location for decoupling with the moveable tray at the third location, the third
location being at a support shelf in a supplementary storage area of the automated vending

machine.

16. The method of claim 12 wherein the movement request is a product return request, the
moveable tray is an empty moveable tray suitable for receiving a product being returned, the first
location is at a support shelf in the automated vending machine for storing empty moveable trays,
the second location is at a dispensing zone accessible from an exterior of the automated vending

machine, and wherein the method further comprises, prior to the decoupling step:
receiving a product being returned on the moveable tray; and
using the gantry system to move the dispensing unit with the moveable tray into a position

near a third location for decoupling with the moveable tray at the third location, the third

location being at a support shelf in a display area of the automated vending machine.

17. The method of claim 15 further comprising, following the receiving step, verifying that the

product being returned has been received on the moveable tray.
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18. The method of claim 16 further comprising, following the receiving step, verifying that the

product being returned has been received on the moveable tray.

19. The method of claim 12 wherein the coupling step comprises:

positioning a coupling mechanism of the dispensing unit below an attachable portion of a

base of the moveable tray; and
raising the coupling mechanism to couple with the attachable portion of the base of the

moveable tray.

20. The method of claim 19 wherein the coupling mechanism of the dispensing unit comprises
a coupling magnet, and wherein the attachable portion of the base of the moveable tray comprises

a magnetic portion for coupling with the coupling magnet.
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