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(57) Abrege/Abstract:

The Invention relates to a system of enabling automated recelving/retrieving of stocks of cargo for storing purposes. The system
uses at least one service level and one or more storage levels. The service level Is operated and organized Iin such a way that it is
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(57) Abrege(suite)/Abstract(continued):
able to recelve, Interchange cargo, and extract cargo simultaneously and batch way. The system Is redundant and allows

continued operation even If some of its components malfunction. The service area comprising (a) a plurality of pallets for conveying
sald cargo; (b) a matrix of blocks of predetermined shape upon which said cargo and said pallets located; (c) at least one elevator
block for transporting said pallet to different areas of said system; (d) at least one box; (e) at least two buffer for allowing transport of

sald pallets In at least two orthogonal directions in each of said areas.
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of stocks of cargo for storing
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a way that it is able to receive,

interchange cargo, and extract
cargo simultaneously and batch
way. The system is redundant
and allows continued operation
even 1f some of its components
malfunction. @ The service area
comprising (a) a plurality of pallets
for conveying said cargo; (b) a
matrix of blocks of predetermined
shape upon which said cargo and
said pallets located; (c) at least
one elevator block for transporting
said pallet to different areas of
said system; (d) at least one box;
(e) at least two buffer for allowing
transport of said pallets in at least
two orthogonal directions in each
of said areas.
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A METHOD AND SYSTEM FOR ENABLING AUTOMATED RECEIVING
AND RETRIEVING OF CARGO FOR STORING PURPOSES

FIELD OF THE INVENTION

This invention relates to automatic receiving and retrieving of cargo for storing

purposes.

BACKGROUND OF THE INVENTION
Globalization and relentless world population increase force a consequent rising trend in
real estate prices, especially acute in central and prestigious areas of large cities, for
example:
The constant growth in demand, shortage of available land for construction, and the
" inexorable industrialization and modernization of large populations (e.g. China, India) -
serve to exacerbate the problem of s parking spaces and to. increase the pﬁce of parking
a vehicle. -
The necessity for parking spaces stands out in business centers (market segment A),
- commercial centers (market segment B) and residential areas (market segment C), and
in combinations thereof. It will be appreciated that there are other areas which suffer
from parking space silortages and in which allocating physical resources for additional
parking areas is a challenge, especially conéideﬁng the amount of space that is required
for parking each car and allowing access in and out of the car.
Apart from the need to make the most out of the precious area of land that is allocated
for parking cars, as an example, or for mass storage in the broader sense, there 1s an
issue of providing efficient service, such that a vehicle (as an example) wishing to enter
. or exit a parking facility -are delayed as little as possible. In this context it is noted that
different storage facilities and parking facilities 1n particular have recurring service
patterns which are characterized by different storage and removal rates at specific times - -
of day. A parking complex for a business center, for example, should be capable of
handling the reception of a large inflow of vehicles to be stored at the beginning of the
workday, should .be capable of providing a large storagé space utilization during the .
 workday without severely compromising service time, and should be capable of

handling the release of a large flow of vehicles at the end of the workday.
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A parking complex for a commercial center (market segment B) should be capable of
handling the reception of a large flow of vehicles in a short period of time at the
beginning of the workday, should be capable of providing short service time for
simultaneous reception/release of vehicles during the workday, and should be capable
of handling the release of a large flow of vehicles in a short period of time at the end of
the workday.

A parking complex for a residential center (market segment C) should be capable of
handling the release of a large flow of vehicles in a short period of time at the beginning
of the workday, should be capable of providing rapid simultaneous reception/release of
vehicles throughout the day, and good storage space utilization during the night. All of '
 the above systems must also of course deal with some degree of storage and removal
episodes occuring at random times throughout the day and possibly night, and . will
preferably provide a minimized wait time for removal of a stored ifem.: -

- US patent 5,669,753 provides an automated parking garage which simultaneously parks -
and retrieves multiple vehicles. Upon being granted entry, a customer parks his/her
vehicle on a pallet near the garage entrance and leaves the facility. In single floor
- .designs, the pallet 1s carried by a self-propelled carrier to a parking. space by a series of
“longitudinal and transverse movements on rails. A multiple story embodiment employs
~a lifting device that includes a pallet- support member that shuttles back and forth
between two contiguous floors. Each pallet is carried by a carrier to a lifting device and
each lifting device has mechanical érms that support the carrier until the pallet support
member deploys and independently supports the pallet to enabié withdrawal of the
carrier from the lifting device. Another carrier, stationed on an upper floor, retrieves the .
- vehicle-supporting pallet from the lifting device a.nd delivers 1t to ‘its assigned parking -
space. Insertion -and retrieval of multiple vehicles occurs. simultaneously so that the
formation of queues of vehicles entering the facility is minimized. -

US patent 6,851,921 provides an automated parking garage comprising a multi-floor
- building having a plurality of vehicle storage racks in a storage area for storing loaded
or unloaded pallets. The entrance-level floor of the building includes an entry/exit
station for receiving a vehicle. The garage includes a pallet stacking station for storing
the unloaded pallets, located over a shuttle aisle that extends under the entry/exit station.
A pallet shuttle traverses the shuttle aisle to a first position under the entry/exit station

for handling the unloaded pallet in the entry/exit station, and to a second position under
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the pallet stacking stétion- for stacking the unloaded pallet. The garage also includes a
trénsport system for transporting the loaded pallet in the storage area.

PCT no. WOO07/135655 (or application no. PCT/IL2006/000589) discldses‘ a system and
a method of enabling storage and retrieval of objects. The system includes a storage
space, an insértion/extraction block and a controller. The storage includes a plurality of
storage blocks. Each of said storage blocks is configured to receive an object for storage
thereon. The insertion/extraction blocks are configured to allow an insertion/extraction
unit to insert and extract objects from the storage space.

The following application relates to the service level — or in other words to the level of
reception and extraction of cargo.

In spite of the above, there is still a long felt need for a novel method and system of

- - enabling retrieval and receiving of objects for enabling storage which 1s accomplished

using a minimum space and requires minimal time due to a matrix layout. Furthermore,
- there is a'long felt need for a system and method of retrieval and accommodation of

objects without imposing any restrictions on the type of object stored 1n said system.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how 1t may be carried out in practice,
reflecting embodiments will now be described, by way of non-limiting example only. -
These descriptions are not to be taken as the only options of using the invention and not
as the most optimal options of using the invention. The descriptions reference to the
accompanying drawings, in which:

FIGS. 1A-B are three-dimensional graphical illustrations of a service level ("Level X")
and storage levels ("Levels S"). |

FIGS. 2A-B are graphical illustrations of a service level ("Level X") according to some
“embodiments of the invention, with indications of boxes, elevators and buffers (“buffer
17, “buffer 2”) areas.

FIG. 3(A) is a graphical illustration of a pallet without transport mechanisms, while the
floor has a transporting mechanism. FIG. 3(B) is a graphical illustration of a pallet with
an autonomic transport mechanism, and the floor is without mechanisms. FIG. 3(C) 1S a

graphical illustration of a pallet with an autonomic transport mechanism and the floor

- also carries a transport mechanism. These mechanisms work in synergy with.each other.

FIG. 3(D) is a graphical illustration of a pallet without autonomic transport mechanism
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“and the floor is without transport mechanism. A separate mechanism that arrives on the
location when necessary exists. This mechanism is used for transporting the pallet from
block to block. FIG. 3(E), 3(F), 3(G), 3(H) are graphical illustrations of different pallets
(see above) holding a vehicle.

FIGS. 3(I), 3(J), 3(K), 3(L) are graphical illustrations of different pallets (see above)
holding boxes and cargo.

FIGS. 4(A) and 4(B) are graphical illustrations of the difference in the structure of a
block. In 4(A) the block includes a transportation mechanism and in 4(B) the block
constitutes a floor without mechanisms.

FIG. 4(C) is a graphical illustration of the transportation of a pallet without mechanisms
between blocks that have transportation mechanisms.

FIG. 4(D) is a graphical illustration of the transportation of a pallet with transportation
mechanisms between blocks without transportation mechanisms. .

FIGS. 5(A) and 5(B) are graphical illustration of a manner by which a pallet
may transported in perpendicular directions.

FIGS. 6(A) and 6(B) are graphical illustrations of the minimal area of a service level
‘built out of blocks.
FIGS. 7(A)-7(C) 1s a graphical illustration of the transmission between the box and the
adjacent blocks. The arrows show the directions of the transmission. |
FIGS. 8(A)-8(C) is a graphical illustration of the transmission between the elevafor and
the adjacent blocks. The arrows show the directions of the transmission.

FIGS. 9(A)-9(D) is a graphical illustration of different embodiments of the service
level and the different path exists therein.. |

FIGS. 10(A)-10(B) is a graphical illustration of the transmission between a block and '
the adjacent blocks (including buffer blocks, elevator and boxes).
FIGS. 11(A) — 11(B) is a.graphical illustration of a service level in reception mode,
which shows' the order of pallet. transportation, with vehicles on them, towards the
elevator, through the buffers (“buffer 1°”) while afterwards the elevator transters them to
the storage levels.

FIGS. 12(A)-12(B) is a graphical illustration of a service level in extraction mode
which shows the order of pallet transportation, with vehicles on them, that are
transferred from the storage levels to the service level in order to be released to the

costumers. |
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FIG. 13 is a graphical illustration of service level in a tradeoftf mode which shows the
order of vehicle release in accordance with a costumer’s extraction request and an order
for receiving vehicles into the facility for storage.

FIGS. 14(A)-14(D) illustrates the ability of the system to still operate even if there 1s
Im_alfunction in one of its elements.

FIG. 15 is a graphical illustration of the use of four modes —reception, extraction,
tradeoff and capacity for the three market segments A, B and C. The content of the
illustration is parallel to the explanations given in clauses 004-006.

'FIG. 16 is a graphical illustration of the directions in which the system and logic can
switch between the modes, while taking into account the state of the system (storage

‘levels and service level) and queues for receiving/releasing vehicles.

SUMMARY OF THE INVENTION
The-present invention provides a universal robotic storage solution including a logical
~model for operating an automated retrieval and receiving of object into and out of the
- . system for storage purposes that can be operated in cach of the aforementioned market
segments as ‘well .as in other markets. Throughout the following description of the

- present invention, reference is made by way of example to a.parking facility and to

- vehicles. It should be appreciated that the present invention 1s not specifically limited to

any.particular storage facility, nor to any particular item that is to be stored within and
extracted from the storage facility..
It is one object of the present invention to provide in an automated cargo storage,
- receiving and retrieval system having at least one storage area, a service-area adapted to
-receive ‘stocks of cargo being inserted into said system and to retrieve stocks .of cargo
~ being extracted out of said system, said service area comprising:
a. a plurality of pallets adapted for conveying said cargo;
b. a matrix of blocks, said blocks being of predetermined shape upon which
said cargo and said pallets may be located; each of said blocks is selected
‘from a group consisting of transport block, elevator block or one block of
an 1nsertion/extraction block set;
C. at least one elevator block for transporting said pallet to different areas of

said system;

S
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d. at least one box coﬁpﬁsing at least one insertion/extraction block set;
said insertion/extraction block set comprises one or more adjacent
blocks, said insertion/extraction block set are provided with means
adapted to receive entering cargo into said system upon said pallets, and
means adapted to release said cargo from said system;

€. at least two buffer comprising at least one of said transport blocks, said
buffer being adapted to allow transport of said pallets in at least two
orthogonal directions in each of said areas;

said pallets, said buffer, said elevator block and said . insertion/extraction block

set are adapted to perform said storage, receiving and retrieval of said cargo in a

sequence such that said cargo can be received into said system ‘and other cargos

can be extrdcted from said system simultaneously.
It is another object of the present invention to -provide' the automated cargo storage,

receiving and retrieval system as defined above, wherein said service area may continue

. operation even in the case of failure of fewer than all of said elevators, fewer than all of

said insertion/extraction block set, fewer than all of said buffers or any combination
- thereof. '

It is another object of the present. invention to provide the .automated cargo storage, .

~ receiving and retrieval system as defined above, wherein said buffer and/or said elevator

are used for temporary storage of said cargo.

It is another .object of the present invention to provide the automated cargo storage,
receiving and retrieval system as defined above, wherein said elevator is provided with
“exit and entrance doors in more than one direction such that more - possibilities of -
transporting said pallets are provided so as mofe transporting paths are-provided.

It is another object of the present invention to- provide the- automated cargo storage;

- receiving and retrieval system as defined above, wherein said service area additionally

comprising a controller for controlling the movements of said pallets and elevator block.

- It is ‘another object of the present invention to provide the automated cargo storage,

- receiving and retrieval system as defined above, wherein said controller 1s adapted to
cause said pallets to move independently.

It is another object of the present invention to provide the automated cargo storage,

- receiving and retrieval system as defined above, wherein said predetermined shapé of

each of said blocks is selected from a group consisting of rectangular, circular, triangle,
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2D or 3D configuration, and any multi-dimensional configuration regular or irregular
shape of any size, shape or type.

It is' another object of the present invention to provide the automated cargo storage,
receiving and retrieval system as defined above, wherein the shape of each of said block
1s substantially different.

It is another object of the present invention to provide the automated cargo storage,
receiving and retrieval system as defined above, wherein said controller operates 1n at
least one of three modes at any given time, said modes are selected from a gfoup
- consisting of:.

a. .reception mode, adapted to (i) receive said cargo into said
insertion/extraction block set, transfer said cargo through said elevator to
said storage area of said cargo storage, receiving and retrieval system via

' said plurality of transport blocks; and (i) transfer empty pallets back
through said elevator to said insertion/extraction block via substantially -
different transport blocks;

b. extraction mode, adapted to (i) serially release cargo from said storage
area of said cargo storage, receiving and retrieval system via said

- plurality of said transport blocks and.out of said system through said
insertion/extraction block set; and, (i1) transfer empty pallets back from
said insertion/extraction block set via substantially different transport
blocks to said storage are’é;

¢. - tradeoff mode, adapted to simultaneously (1) release said cargo through

‘ one of said insertion/extraction block set out of said system; and, (11)
receive new cargo through another insertion/extraction block set for

- storage whilst using different transport routes for said storage and said

release of said cargo.

‘It is another object of the present invention to provide the automated cargo storage,
receiving and retrieval system as defined above, Wherein a controller i1s adapted to
switch between said reception mode, said extraction mode and said tradeoff mode
according to predetermined criteria

It is another object of the present invention to provide the automated cargo storage,

receiving and retrieval system as defined above, wherein said predetermined criteria 1s

SUBSTITUTE SHEET (RULE 26))



CA 02704824 2010-05-05
WO 2009/060458 PCT/IL2008/001473

selected from a group consisting of block(s) vacancy parameters, the existence or the
lack thereof of pending extraction requests, the amount of pending extraction requests,
the average pendency time of extraction requests, the existence or lack thereof of
pending insertion requests, the amount of pending insertion requests, the average
pendency time of insertion requests, current status of the storage area, current status of
the service area, reaction time of said elevator, usage history of the system.

It 1s another object of the présent invention to provide the automated cargo storage,
receiving and retrieval system as defined above, wherein said service area is provided
with at least two of said elevator blocks and at least two of said insertion/extraction
‘block sets, wherein said service area may continue operation even in the case of failure
of fewer than all of said elevators, fewer than all of said insertion/extraction block set,

fewer than all of said buffers or any combination thereof. -

- It is another object of the present invention to provide the .automated cargo- storage,

receiving and retrieval system as defined above, wherein said controller is adapted to
pfioritize,pending extraction requests for extracting said cargo from the storage spaces
and/or to assign pending insertion requests to the éfdrage spaces 1n accordance with
predetermined criteria.

It is another object of the present invention to provide the automated cargo storage, -
| recei\)ing and retrieval system as defined above, wherein said prédetermined criteria 1s
selected from a group consisting of block(s) vacancy parameters, the existence or the
lack thereof of pending extraction requests, the amount of pending extraction requests,
the average pendency time of extraction requests, the existence or lack thereof of
pending insertion requests, the amount of pending. insertion requests, the average
“pendency time of insertion requests, current status of the storage area, current status of
the service area, reaction time of said elévator, usage history o‘f- the system.

It is another object of the present invention to provide the automated cargo storage,
receiving and retrieval system as defined above, wherein said system comprises of a
plurality of storage areas and wherein each storage area includes one or.more storage
spaces.

It is another object of the present invention to provide a method for operating a service
area in an automated cargo storage, receiving and retrieval system, said service area
being adapted for receiving cargo being inserted into said system and to retrieving cargo

being extracted out of said system. The method comprises steps selected inter alia from:
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a. providing a plurality of pallets adapted for conveying said

cargo;
b. providing a matrix of blocks, said blocks being. of

predetermined shape upon which said cargo and said pallets '
may be located; each of said blocks is selected from a group
consisting of transport block, elevator block or one block of
an 1nsertion/extraction block set;

C. providing at least one elevator block transporting said pallet
to ditferent areas of said system;

d. - providing at least one box comprising at least. one
insertion/extraction block Sét; said insertion/extraction
block set comprises one or more adjacent blocks, said
Insertion/extraction block set are provided with means
adapted to receive entering cargo into said system upon said
-pallets, and means adapted to release said cargo. from said

- system; .

e providing at least two buffers comprising at least one of

said transport blocks, said buffer being adapted to allow
| trarisport of said pallets 1n at least two orthogonal directions
in each of said areas;

f. receiving incoming stocks of cargo: at said
Insertion/extraction block sets upon said pallets;

- g, -transporting said stocks of cargo upon said pallets through
said transport blocks to the storage -area in said cargo
storage, recetving and retrieval system;

h. . storing said stocks of cargo in said storage area in said
cargo storage, receiving and retrieval system;

1.  transporting stocks of said cargo upon said pallets over said
transport blocks from said storage area to said sérvice area
via substantially different transport blocks than those used
in said step (g) in said cargo storage, receiving and retrieval

system; and, -
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. releasing said stocks of cargo from said insertion/extraction
block sets of said cargo storage, receiving and retrieval
system,;

said steps of transporting, releasing and receiving are performed in a sequence such that
a stock of said cargo can be received into said system and a stock of cargos can be
extracted from said system simultaneously; wherein said steps (1) of transporting said
stocks of cargo upon said pallets from said storage area to said service area is performed
by substantially different transport blocks than those used 1n said step (g).

It is another object of the present invention to provide the method as defined above,
wherein said step of transporting comprises step of raising or lo;wering said pallet to
ditferent areas of said system.-‘ ‘

It 1s another object of the present invention to provide the method as defined abov-e,
additionally comprising step. of continuing operation of sz;id service area even in the
case of failure of fewer than all of said elevators, fewer than all of said
insertion/extraction block set, fewer than all of said butfers or any combination thereof.
It 1s another object of the present invention to provide the method as defined above,
. additionally comprising step of temporarily storing said cargo in said bufier and/or said
elevator. -

It 1s another object of the present invention to provide the method as defined above,
additionally comprising step of providing said elevator with exit and entrance doors in
more than one direction such that more possibilities of transporting said pallets are
provided so'as more transporting paths are provided.

- - It 1s another object of the present invention to provide the method as defined above,
additiohally comprising step of providing at least two said elevator blocks, and
- providing at least two said insertion/extraction block sets, wherein said servicé area may -
~continue operation even In the case of failure of -one -¢clevator and one
insertion/extraction block set.

It is another object of the present invention to provide.the method as. defined above,
additionally comprising step of controlling the movements of said pallets, elevator
block, and insertion/extraction block set.

It is another object of the present invention to provide the method as defined above,

additionally comprising step of independently moving said pallet, each of said blocks
.and buffers.

10
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It is another object of the present invention to provide the method as defined above,
additionally comprising step of selecting said predeterﬁlined spaces of said blocks is
selected from a group consisting of rectangular, circular, triangle, 2D or 3D
configuration, and any multi-dimensional configuration regular or irregular shape of any
size, shape or type.

It is another object of the present invention to provide the method as defined above,
additionally comprising step of selecting the shape of each of said block 1s subsfantially
- different.

It is another object of the present invention to provide the method as defined above,
additionally comprising step of operating said service area in modes selected from a
group consisting of:

a. reception mode, adapted to (1) receive said cargo 1nto said
‘insertion/extraction block set, transfer said cargo through said elevator to
said storage area of said cargo storage, receiving and retrieval system via
said plurality of transport blocks; and (ii) transfer erhpty pallets ‘back
through said elevator to said insertion/extraction block via substantially
different transport blocks;

~ b. extraction mode, adapted to .(i) serially release cargo from said storage
area of said cargo storage, receiving and retrieval system via said
plurality of said transport blocks and out of said system through said
insertion/extraction block set; and, (i1) transfer empty pallets back from
said insertion/extraction block set via substantially different transport - -
blocks to said storage area; and,

c¢. . ‘tradeoff mode, adapted to simultaneously (1) release said cargo through
one of said insertion/extraction block set out of said system; and, (i1)
receive new cargo through another insertion/extraction block set for
storage whilst using different transport routes for said storage and said
release of said cargo.

It is another object of the present invention to provide the method as defined above,
additionally comprising step of switching between said reception mode, said extraction
mode and said tradeoff mode according to predetermined critena.

It is another object of the present invention to provide. the method -as defined above,

additionally comprising step of selecting said predetermined criteria from a group

11
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consisting of block(s) vacancy parameters, the existence or the lack thereof of pending
extraction requests, the amount of pending extraction requests, the average pendency
time of extraction requests, the existence or lack thereof of pending insertion requests,
the amount of pending insertion requests, the average pendency time of insertion
requests, current status of the storage area, current status of the service area, reaction
time of said elevator, usage history of the system.

It 1s another object of the present invention to provide the method as defined above,
. additionally comprising step of prioritizing pending extraction requests for extracting
- said cargo from the storage spaces and/or to assigning pending insertion requests to the
storage spaces 1n accordance with predetermined critena.

It 1s still an object of the present invention to provide the method as defined above, -
additionally comprising step of selecting said predetérmined criteria from a group
consisting of block(s) vacancy parameters, the existence or the lack thereof of pending
“extraction requests, the amount of pending extraction requests, the average pendency
time of extraction requests, the existence or lack thereof of pending insertion requests,
‘the amount of pending insertion requests, the average pendency time of insertion
requests, current status of the storage area, current status -of the service area, reaction
time of said elevator, usage history of the system.

It 1s lastly an object of the present invention to provide the method as defined above,
additionally comprising steps of serally receiving said cargo, and serially releasing said
cargo out of said system.

While the invention is susceptible to various modifications and ‘alternative forms,
specific embodiments thereof have been shown by way of example in the drawings and
- will -herein be described in detail. It should be understood, however, that it is not

‘intended to limit the invention to the particular forms disclosed..

DETAILED DESCRIPTION OF THE INVENTION

The following description is provided, alongside all chapters of the present invention, so
as to enable any person skilled in the art to make use of said invention and sets forth the
best modes contemplated by the inventor of carrying out this invention. Various

modifications, however, will remain apparent to those skilled in the art, since the
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- generic principles of the present invention -have been defined specifically to provide an
advanced modular universal matrix-style automated robotic parking and storage system.
fn the following detailed description, numerous specific details are set forth in order to
provide a thorough understanding of embodiments of the present invention. However,
those skilled in the art will understand that such embodiments may be practiced without
these specific details. Reference throughout this specification to "one embodiment" or
"an embodiment'-' means that a particular teature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the
invention. Thus, the appearances of the phrases "in one embodiment" or "in an
- embodiment” 1n various places throughout this specification are not necessarily all
‘referring to the same embodiment or invention. Furthermore, the parficular features,
structures, or characteristics may be combined .1n any suitable manner in one or more

~embodiments. Lastly, the terms "comprising”, "including”, "having", and the like, as

used 1n the present application, are intended to be synonymous.

. The term "tradeoff mode' refers hereinafter to the mode described in figure 13.

The term 'reception mode' refers hereinafter to the mode described in figure 11.
“The term 'extraction mode' refers hereinafter to the mode described in figure 12. .
The term 'plurality’ refers hereinafter to any integer number equal or higher 1, e.g, 2-
10, especially 2-4. |
The term ‘cargo’ refers hereinafter to a object to be received, stored and retrieved. In a
preferred embodiment the cargo i1s a vehicle.
The term ‘pallet’ refers hereinafter to a platform adapted for holding a cargo. The pallet
‘may- be provided with transport means allowi’ng.-it to- move. A pallet 1s adapted to
~transport cargo placed upon said pallet from one location into the other location.
- The term ‘block’ refers hereinafter to a modular unit from which the storage system is
- built, consisting of a space large enough to store a cargo either on or off a pallet, and
-+ from which a péllet, cargo, or pallet holding a cargo can be transferred to an adjacent
block.
~ The term ‘elevator refers hereinafter to a holding space adapted for movement between
different levéls or different areas within a level. Said movement can be vertical or

horizontal movement between at least two levels.
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The term ‘buffer’ refers hereinafter to an unoccupied block in the parking system,
generally reserved for transport of cargo or empty pallets. It should be pointed out that
in some cases the buffer may be used to temporally store cargo within.

The term ‘box’ refers hereinafter to a set of one or more blocks. In the case where more
than one block comprises a box, the blocks are neighboring blocks. A box ié adapted for
receiving/ retrieving cargo from outside the system.

The term ‘service level’ refers hereinafter to a floor of a storage or parking facility'
adapted for logistical operations of storing and extracting cargos from the storage or
- parking facility.

The term ‘asto'rage level’ refers hereinafter to a floor of a storage or parking facility

adapted for storing cargo.

"~ The term ‘level’ refers hereinafter to a physically separated floor of a 'building or

distinct area. -

The term ‘different levels' refers hereinafter to a substantially two different levels
physically séparated or two distinct areas. -

- The present invention provides a service level for an automated storage and retrieval
system, suitable for storage of cargo or other objects. The system is bztsed on a matrix
of blocks on which pallets move, carrying cargos or travelling empty.

The pallets deposit cargo for storage, or retrieve them for removal from the system, or
travel empty on their way to perform one of these operations. The matrix-based layout
of the system 1s one of .its distinguishing characteristics. The entirety or nearly the
entirety of the area of the system is occupied by blocks. Pallets may be transported (by
motoring means which are either integral to the pallets or integral to the blocks) from a
given block to any unoccupied neighboring block, in either of two orthogonal directions
which are referred to hereinafter as forward-backward and left-right.

Special ‘buffers’ or transport routes are kept reserved.for transport of empty or loaded
_pallets to or from the storage area, which may be located e.g. on a different floor of the
building. . These buffers are similar to the driving path within a conventional parking
- garage insofar as they provide transport routes for cargo on their way to or from storage.

‘Unlike a conventional parking garage however the buffers are strictly divided into
modular units, each capable of certain unit operations such as transporting a pallet in
-one of four perpendicular directions or allowing such transport, and arranged in a gnd

of mathematical precision.
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As descfibed above, the present invention relates to the service level or in other words
to the level of reception and extraction of cargo.
One of the major advantages of the system is the possibility to-organize different
procedures for receiving, extracting or replacing (i.e., tradeoff mode) of cargo.
Said receiving; extracting or replacing cargo is performed 1n a sequencé characterized
by high efficiency and quickly.
Furthermore, the present invention enables almost full operation of the system even if
there is technical failure (or any other failure) in one of the system's components.
In other words, malfunction of one component does not result in the annulment of the
entire system. . . '
A pallet, in accordance with some embodiments of the invention, is used either
independently or in cooperation with other components of the system for holding,
transferring, storing, receiving and reléasing cargo. The paﬂet may include an integrated
mechanical, electromechanical or robotic transport mechanism (see Figs. 3A, 3E, Fig.
II); or such mechanism(s) may be associated with the pallet but not an integral part
thereof — (see Figs. 3B, 3F, 3J).: The cargo may be boxes, merchandise, vehicle et
cetera.
“The transport mechanism allows the pallet to move in two perpendicular directions. The
ability to move in two perpendicular directions enables each pallet to move from one
block to another within é service level, and each pallet can thus move to any block, to
fhe elevator and to the boxes.
The service level includes at least four blocks arranged at minimum as a 2x2 (length x
width) matrix including box, elevator and buffers. The system includes:
a. At least one elevator that is adapted for transporting a pallet from said
service level to at least one storage level;
b. At least one insertion/extraction box (hereinafter: “box™) that 1s
- positioned such that at least one outer edge thereof is located at an outer
wall of said facility: The box comprises at least two adjacent blocks;
and,
c. At least two buffers, each buffer being capable of allowing transporting
of cargo (upon pallets) or empty pallet from one block to another at least |

over two orthogonal axis.
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According to some embodiments of the invention, the service level includes at least one
box. The box is an area on the service level that allows the conditions for the loading or
unloading of a pallet. For example when a user of the systém wants to park his/her car,
he drives onto a pallet located in the box, and exits the car. Then the pallet transports the
car to its storage location. |

According to some embodiments of the invention, the blocks forming a box are
arranged such that one of the long sides of éach of the blocks within the box is adjacent
to the long sides of the other blocks that are part of the box (assuming each block is
rectangular).
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