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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
26 March 2009 (26.03.2009) PCT WO 2009/039499 Al

(51) International Patent Classification: John [US/US]; 78 Washington Ave., High Bridge, NJ
B65G 65/00 (2006.01) 08829 (US).

(21) International Application Number: (74) Agents: MESSINA, Gerard, A. et al; Kenyon & Kenyon
PCT/US2008/077230 LLP, One Broadway, New York, NY 10004 (US).

(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
22 September 2008 (22.09.2008) kind of national protection available): AE, AG, AL, AM,

AO, AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
(25) Filing Language: English

CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
(26) Publication Language: English EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
(30) Priority Data:

LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
11/903,479 2 1 September 2007 (21.09.2007) US

MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
(71) Applicant (for all designated States except US): KRPS RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,TJ,

PARTNERS, LLC [US/US]; 315 West 106th Street, Suite TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
16A, New York, NY 10025 (US). ZW

(72) Inventors; and (84) Designated States (unless otherwise indicated, for every
(75) Inventors/Applicants (for US only): KAUFMANN, kind of regional protection available): ARIPO (BW, GH,

Jean-claude [US/US]; 315 W. 106th St., New York, NY GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
10025 (US). LANGHART, Christopher, Dale [US/US]; ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
5872 Ridge Rd., New Hope, PA 18938 (US). CHESTER, European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

[Continued on next page]

(54) Title: SYSTEM AND METHOD FOR PARKING VEHICLES

(57) Abstract: Set forth are systems and
methods for moving objects in a modular
structure, and particularly to parking vehicles
within a parking structure. A system may
include a pallet configured to receive an object,
e.g., a vehicle; a structure including a plurality
of modules configured to receive the pallet
with the object, wherein the modules include
multi-directional pallet transfer systems, the
pallet transfer systems configured to transfer the
pallet with the object to adjacent modules in any
one of four orthogonal directions. The modules
including sensing and control, may be remotely
constructed, and assembled as units on site.

FIG. 8



FR, GB, GR, HR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL, Published:
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, — with international search report
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).



SYSTEM AND METHOD FOR PARKING VEHICLES

Related Applications

This application is a continuation-in-part of U.S. Patent Application Serial No.

11/903,479, filed on September 21, 2007, which is expressly incorporated herein in its

entirety by reference thereto.

Field of the Invention

The present invention relates to a system and method for moving and storing objects,

and more particularly, to parking vehicles in a parking structure.

Background

Providing adequate parking for vehicles, particularly in urban and other heavily

populated areas, has been problematic for many years and is expected to be progressively

more so in the future. As the populations of such urban areas continues to grow, the space

available for the parking of vehicles become increasingly restricted and expensive.

Currently, vehicles are typically parked in parking structures that provide elevators

and ramps for moving the vehicles within the structures. Another known, though less

common, system is the type that employs pallets on which the vehicles are positioned, the

system employing various mechanical equipment in order to move vehicles within the

parking structure while the vehicles remain on the pallets. In such arrangements, it is typical

that a vehicle is positioned on a pallet and the system is configured to mechanically move the

pallet in either one direction, e.g., forward of the vehicle's front end, or two directions, e.g.,

forward of the vehicle's front end or backwards of the vehicle's rear end. In this type of

arrangement, the entire elevator traverses the length or width of the garage along a gantry-

aisle. Providing adequate space for this traversal reduces space that would otherwise be

available for parking. Moreover, according to these arrangements, there can only be parking

bays two deep on either end of the pallet, thus limiting the size of the parking facility —

additional parking would require the addition of a second elevator system, which would

require a second gantry aisle, which would in turn consume more space and reduce the

amount of this space available for parking. Various systems are also known that combine



moving and stationary elevators and carousel-like schemes for locating and storing the

vehicles on pallets.

These pallet-type parking systems, while an improvement over conventional, e.g.,

ramp-type, parking systems, still do not maximize the space available for parking vehicles.

Thus, it may be desirable to employ a system and method that provides an improved

manner for parking vehicles.

Summary

The present invention relates to a system and method for moving objects in a

structure, and particularly to parking vehicles within a parking structure. In accordance with

an embodiment, the present invention may provide a system, comprising: a pallet configured

to receive an object; a structure including a plurality of modules configured to receive the

pallet with the object, wherein the modules include multi-directional pallet transfer systems,

the pallet transfer systems configured to transfer the pallet with the object to adjacent

modules in any one of a first forward direction, a second rear direction, a third side direction

and a fourth side direction. The object may be a vehicle. The structure is a parking structure,

e.g., a multi-level parking structure. The system may further comprise a lift configured to

travel between levels of the parking structure. The transfer lift may also include a multi¬

directional pallet transfer system, the pallet transfer system configured to transfer the pallet

with the vehicle from the lift to adjacent different parking modules in any one of the first

forward direction, the second rear direction, the third side direction and the fourth side

direction.

The modules and the lift may each be modular to provide an extremely flexible

system that may be adapted based on factors such as, e.g., parking demand, target vehicle

retrieval times, space limitations, and aesthetics.

In an embodiment, the parking structure includes posts or column segments that

support parking modules including truss support arrangements that are configured to receive

the pallet with the vehicle. The pallet transfer system may include air casters, sensors and

roller systems. The roller system may include a roller, an actuator, sensors and roller driver.

The roller driver may be driven by a motor or by link to one or more motors. The pallet

transfer system may be arranged within the truss or beam support arrangements.



Advantageously, the structure may have a modular construction. Also, the

system may further comprise several separate turntable module or ones that is

combined within the modular structure unit that is configured to rotate a pallet having

the object thereon. The turntables may include air casters, sensors, and rollers also.

Still further, the system may further comprise sensors and a control system configured

to control the actuation of the pallet transfer system. The control system may include

software and a user interface. The user interface may be configured to provide data

corresponding to a desired retrieval of a stored object.

In accordance with another embodiment, the present invention may provide a

system comprising: a pallet configured to receive an object; a plurality of individual

modules configured to receive the pallet with the object, the modules including multi¬

directional pallet transfer systems, the pallet transfer systems configured to transfer the

pallet with the object to adjacent modules in any one of four orthogonal directions,

wherein the plurality of individual modules have posts that couple to posts of other

individual modules so as to form a modular structure, enabling the modular structure

to be made up of individual modules in any plan arrangement and at various heights or

numbers of levels.

In an embodiment, the object is a vehicle. The structure may be a parking structure,

e.g., a multi-level parking structure. The lift may be configured to travel between levels of

the parking structure. The transfer lift may also include a multi-directional pallet transfer

system, the pallet transfer system configured to transfer the pallet with the vehicle from the

lift to adjacent different parking modules in any one of the first forward direction, the second

rear direction, the third side direction and the fourth side direction. The individual modules

may include, connected between the respective posts, a truss or beam support arrangement

that is configured to receive the pallet with the vehicle.

The pallet transfer system may include air casters, sensors, and roller systems. The

roller system may include a roller, sensors an actuator and roller driver. The roller driver

may be driven by a motor or by a link to one or more motors. The pallet transfer system

may be arranged within the truss or beam support arrangements. The system may further

comprise a separate turntable module or one that is combined within the modular structure

unit that is configured to rotate a pallet having the object thereon. The turntable module

may include an arrangement of air casters sensors and rollers.



The system may further comprise a control system configured to sense and

control the actuation of the pallet transfer system. The control system may include

software and a user interface. The user interface may be configured to provide data

corresponding to a desired retrieval of a stored object.

In accordance with another embodiment, the present invention may provide a

system comprising: a pallet configured to receive an object; a structure including a

plurality of modules configured to receive the pallet with the object, the modules

including multi-directional pallet transfer systems, the pallet transfer systems

configured to transfer the pallet with the object to adjacent modules in a plurality of

directions; and a sensor and a control system configured to automatically engage and

disengage the multi-directional pallet transfer systems of each module as a pallet is

moved relative to the modules. The object on the pallet may be a vehicle. The

structure may be a parking structure, e.g., a multi-level parking structure. The system

may further comprise a lift configured to travel between levels of the parking structure

The lift may also comprise a multi-directional pallet transfer system, the pallet transfer

system configured to transfer the pallet with the vehicle from the lift to adjacent

parking modules in any one of a first forward direction, a second rear direction, a third

side direction and a fourth side direction. In this regard, the lift may be accessible from

all four sides. The accessibility of the lift from multiple sides at any of its several

levels (e.g., 2, 3, or 4 sides) allows the lift to effectively function as pass-through

spaces, thereby increasing the efficiency of the system.

The parking structure may include posts that support the parking modules including

truss or beam support arrangements that are configured to receive the pallet with the vehicle.

The pallet transfer system may include air casters, sensors, and roller systems. The roller

system may include a roller, sensors, an actuator, and roller driver. The roller driver may be

driven by a motor or a link to one or more motors. The pallet transfer system may be

arranged within the truss or beam support arrangements. The structure may have a modular

construction. Also, the system may further comprise separate turntable modules or one that

is combined within the modular structure unit that is configured to rotate a pallet having the

object thereon. The turntable may include air casters sensors and rollers. The system may

also include fire protection systems, lighting systems and security systems including

television cameras .

In an embodiment, the control system may be configured to receive from a user



a request to retrieve from the structure any given module. Upon receiving from a user a

request to retrieve from the structure a given module, the control system may be

configured to prioritize the retrieval based upon at least one of a first-come-first-served

basis, an amount of fees that is collected from each user, an environmental ranking of

the vehicles, a shortest average retrieval time period and energy expenditure, etc. The

control system may include software that determines the shortest amount of time to

retrieve a vehicle. The software may be configured to use as a factor in determining the

shortest amount of time to retrieve a vehicle at least one of the following parameters:

the size of the parking structure, the number of vehicles that are currently parked in the

parking structure, the number of vehicles that are expected to be parked in the parking

structure, the time of day, the type of vehicles, etc. Also, the control system may

communicate via a user interface to receive a request for retrieving a vehicle.

In accordance with another embodiment, the present invention may provide a

method for moving an object in a structure, comprising: positioning the object on a pallet;

transferring the pallet and the object from a lift to a first module that is

orthogonally located relative to the lift via multi-directional pallet transfer system of the

first module and the lift; transferring the pallet and the object from the first module to a

second module that is orthogonally located relative to the first module via the multi¬

directional pallet transfer system of the first module and a multi-directional pallet transfer

system of the second module.

In this embodiment, the object may be a vehicle. The structure may be a parking

structure. The structure may be a multi-level parking structure. In the method, the system

may also include a lift with multiple elevator cabs configured to travel between levels of the

parking structure. The lift may also include a multi-directional pallet transfer system at each

cab level, the pallet transfer system configured to transfer the pallet with the vehicle from the

lift to adjacent different parking modules in any one of the first forward direction, the second

rear direction, the third side direction and the fourth side direction. The parking structure

may include posts that support parking modules including truss or beam support

arrangements that are configured to receive the pallet with the vehicle. The pallet transfer

system may include air casters, sensors, and roller systems. The roller system may include a

roller, sensors, an actuator and roller driver. Also, the method may include the step of

controlling the actuation of the pallet transfer system via a control system and measuring the

results with sensors.



In accordance with another embodiment, the present invention may provide a

method for parking a vehicle in a structure and subsequently retrieving the vehicle,

comprising: positioning the vehicle on a pallet; transferring the pallet and the vehicle from

a lift to a parking module and between different parking modules, wherein the lift and

parking modules include multi-directional pallet transfer systems, the pallet transfer

systems configured to transfer the pallet with the vehicle to different parking modules in

any one of a first forward direction, a second rear direction, a third side direction and a

fourth side direction; positioning the pallet and vehicle in a designated parking module;

awaiting a command to retrieve the pallet and vehicle; positioning the lift to retrieve the

pallet and vehicle; transferring the pallet and vehicle to the lift; and positioning the lift for

retrieval of the vehicle and rotation of the vehicle via a turntable.

In an embodiment the command is generated by a user, e.g., by a telephone,

computer, swiping a card in an automated card reader, etc. The user may generate the

command by sending a request to retrieve the vehicle. Additionally or alternatively, the

command may be generated by software that is configured to determine when a user is

likely to a request to retrieve the vehicle. In this embodiment, upon the software

determining when a user is likely to request to retrieve the vehicle, the controller may

move at least one pallet so as to enable the vehicle to be retrieved in a predetermined

fashion, e.g., so as to achieve a shorter retrieval time for the vehicle, etc. A monitoring

system may be included for the tracking of vehicle position either on site or remotely.

In an example according to an embodiment of the present invention, a unit for

storage has a first module including a multi-directional pallet transfer system, where the

pallet transfer system may transfer a pallet with an object to adjacent modules in any one

of a first forward direction, a second rear direction, a third side direction and a fourth side

direction. The module may be configured to be adjoined to the adjacent modules, securely

stacked on top of a lower module, and/or have an upper module securely stacked thereon.

The object may be an automobile. Furthermore, the first module may have a truss or beam

structure. The pallet transfer system may have air casters and a roller system, where the

roller system may include a roller, an actuator and roller driver. Moreover, the

multidirectional pallet transfer system may be controlled by a computer program.

In an example according to an embodiment of the present invention, a unit for

storage includes a drive unit that includes a wheel arranged to move a pallet and to rotate

about a vertical axis between a plurality of orientations. The wheel may be arranged to



rotate about the vertical axis when the wheel is in load-bearing contact with a bottom

surface of the pallet. The drive unit may include a mechanism to lower the wheel when

the drive unit malfunctions or requires service.

According to an example according to an embodiment of the present invention, a

system includes: a pallet configured to receive an object; and a structure including a

plurality of modules configured to receive the pallet with the object. Each of the modules

includes a drive unit that includes a wheel arranged to move the pallet to adjacent modules

in any one of a first forward direction and a second rear direction when the wheel is in a

first orientation and in any one of a third side direction and a fourth side direction when

the wheel is in a second orientation, the wheel being rotatable about a vertical axis

between the first orientation and the second orientation.

The object may be a vehicle and the structure may be a parking structure, e.g., a

multi-level parking structure. The system may also include a multi-level lift configured to

travel between levels of the parking structure. The lift may also includes a drive unit that

includes a wheel arranged to move the pallet to adjacent parking modules in any one of a

first forward direction and a second rear direction when the wheel is in a first orientation

and in any one of a third side direction and a fourth side direction when the wheel is in a

second orientation, the wheel being rotatable about a vertical axis between the first

orientation and the second orientation. The parking structure may include posts that

support the parking modules, the parking modules including truss support arrangements

that are configured to receive the pallet with the vehicle. Each wheel may be configured

to rotate about its vertical axis between the first orientation and the second orientation

while the wheel is in load-bearing contact with a bottom surface of the pallet. Each drive

unit may include an actuator arranged to drive the wheel. The actuator may be an electric

motor. The drive units may be situated within truss support arrangements. The structure

may have a modular construction.

The system may further include at least one turntable module that is configured to

rotate a pallet having the object thereon, the turntable module including a drive unit that

also includes a wheel arranged to move the pallet to adjacent parking modules in any one

of a first direction and a second direction when the wheel is in a first orientation and in

any one of a third direction and a fourth direction when the wheel is in a second

orientation, the wheel being rotatable about a vertical axis between the first orientation and

the second orientation.



The system may further include a control system configured to control the

actuation of the drive units- The control system may include software and a user interface.

The user interface may be configured to provide data corresponding to a desired retrieval

of a stored object.

According to an example according to an embodiment of the present invention, a

method for moving an object in a structure, includes: positioning the object on a pallet,

and transferring the pallet and the object from a first module to a second module that is

orthogonally located relative to the first module via drive units of the first module and the

second module, each of the drive units including a wheel arranged to contact a bottom

surface of the pallet, rotation of the wheels about respective horizontal axes causing the

object and the pallet to move in any one of a first direction and a second direction when

the wheels are in a first orientation and in any one of a third direction and a fourth

direction when the wheels are in a second orientation, the wheels being rotatable about

respective vertical axes between the first orientation and the second orientation.

The method may further include the steps of sensing the position of the pallet and

communicating data between the first module and the second module. The data may relate

to at ieast one of the location, position, direction/orientation, and velocity of the pallet.

The method may include the step of controlling the drive units via a sensing and

control system. The sensing and control system may be configured to sense the location,

position, direction, and speed of the pallet.

The method may further include the step of rotating the object and the pallet in

plan by rotating the wheels about the vertical axes to a position perpendicular in plan to a

radius from the center of a turntable position and rotating the wheels about their horizontal

axes.

Additional features of the system and method of the present invention are discussed in

greater detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure l(a) is a schematic diagram that illustrates a top view of a basic parking

module, according to an embodiment of the present invention;

Figure l(b) is a schematic diagram that illustrates a side view of the basic parking

module shown in Figure l(a);



Figure l(c) is a schematic diagram that illustrates an end view of the basic parking

module shown in Figure I(a);

Figure 2 is a partial side view of the posts of a basic parking module, according to an

embodiment of the present invention;

Figure 3 is a diagram that illustrates a top view of a coupling arrangement for

respective posts of four basic parking modules, according to an embodiment of the present

invention; and

Figure 4(a) is a diagram that illustrates a side view of a roller drive unit, according to

an embodiment of the present invention;

Figure 4(b) is a diagram that illustrates a front view of the roller drive unit shown in

Figure 4(a);

Figure 5 is a schematic diagram that illustrates a top view of two basic parking

modules that form a turntable, according to an embodiment of the present invention;

Figure 6 is a schematic diagram that illustrates a perspective view of a basic parking

module having a pallet and vehicle thereon, according to an embodiment of the present

invention;

Figures 7(a) and 7(b) illustrate a conventional parking structure (having ramps, etc.)

and a parking structure that employs the system of the present invention, respectively; and

Figure 8 illustrates a layout of various floors according to a particular embodiment of

the system.

Figure 9 shows a section view of a multi-level elevator.

Figure 1OA illustrates a perspective view of a drive unit according to an example

embodiment of the present invention.

Figure 1OB illustrates a view along section A-A of Figure 1OA.

Figures 1IA and 1IB illustrate top views of an example parking module according to

an example embodiment of the present invention.



DETAILED DESCRIPTION

The present invention, according to one embodiment thereof, is directed to a system

and method for parking vehicles in a parking structure. However, it should be recognized

that the system and methods set forth herein may be employed for moving and storing any

conceivable item, not merely vehicles. For example, the system and methods set forth herein

may be employed for moving sorting and storing boxes, crates, etc, that may be loaded onto

pallets. It is also possible that the system and methods set forth herein may be employed for

moving and storing boxes, crates, etc., without them being loaded onto pallets. Thus, while

the example embodiments set forth herein relate to the parking of vehicles in a parking

structure, these example embodiments are for illustration purposes only and are not meant to

limit the scope of this application only to the parking of vehicles in a parking structure.

Figure l(a) is a schematic diagram that illustrates a top view of a basic parking

module that may be employed in the present invention, according to an embodiment of the

present invention. In addition, Figures l(b) and l(c) are schematic diagrams that illustrate

side and end views, respectively, of the basic parking module shown in Figure l(a).

Advantageously, a plurality of basic parking modules 10 are assembled together so as to form

a parking structure 100 (discussed in further detail below). This modular type structure

enables the structure to take any conceivable form, e.g., the footprint of an irregularly shaped

building or lot which may otherwise be unsuitable for use as a parking structure.

Referring to Figure l(a), the basic parking module 10 includes a generally horizontal

planar surface 22 that may be foπned by a truss or beam system, e.g., an octet truss

(additional details of an example of such a truss system are illustrated in Figure 6, which also

illustrates a pallet 22a and a vehicle 23a being positioned thereon). Positioned on or within

the planar surface 22, e.g., within the spaces that are defined by the structural components

that form the truss system, are various sensors and aircasters 40 and roller drive units 50. The

various aircasters 40 provide a lift component to a pallet that is placed thereupon, while the

roller drive units 50 provide a mechanism for moving the lifted pallets in any lateral

direction, e.g., forward, backwards, and to either side.

In the embodiment shown, the basic parking module 10 may include sixteen aircasters

40, arranged as shown in Figure l(a), although any number of aircasters 40 may be employed

in any conceivable arrangement. The number and arrangement of the aircasters 40 shown in

Figure l(a) have the advantage of providing adequate support, at various locations, to a pallet



that is placed thereupon, and to continue to provide adequate support when the pallet is

moved, in any direction, relative to the basic parking module 10. In addition, in the

embodiment shown, the basic parking module 10 may include eight roller drive units 50,

arranged as shown in Figure l(a), although any number of roller drive units 50 may be

employed in any conceivable arrangement The number and arrangement of the roller drive

units 50 shown in Figure l(a) have the advantage of being able to move a pallet that is placed

thereupon in any direction relative to the basic parking module 10. Referring to Figure 5, it is

noted that the basic parking module 10 that is illustrated in Figure l(a) may be combined to

form a "turntable " It may be noted that pallet 22A may move one half pallet width to the left

or right as shown in Figure 5 to be positioned midway between two unit 10 support decks.

This provides sufficient space for the pallet 22A to be rotated 180 degrees by additional

rollers 17 (that are set at various angles relative to the orthogonally-arranged aircasters 40 and

roller drive units 50). This rotates or turns a vehicle once it has reached a particular location.

Once rotated, the pallet may be shifted one half space back over a single module 10 for

further movement to other modules. For example, such a turntable may advantageously be

placed in a location at which a vehicle is retrieved, thereby enabling a vehicle to be turned

towards an exit that a driver may pass through. Such an arrangement may reduce the amount

of space that is needed for a parking structure, since a driver would be facing an exit upon the

vehicle being turned, thereby eliminating the need for the driver to turn the car around before

exiting.

Referring again to Figure l(a), the basic parking module 10 also includes a post /

column segment 2 1 located in each one of its four corners. As shown in Figure l(b), the

posts 2 1 extend vertically both above and below the planar surface 22. Referring now to

Figure 2, there is shown some additional details of the posts 21. Advantageously, the posts

2 1 are configured so as to be stackable, e.g., the lower portion of each one of the four posts

2 1 of a first basic parking module 10 is configured to mate with, and/or be locked together

with, a corresponding upper portion of each one of four posts 2 1 of a second basic parking

module 10. In this manner, the second basic parking module 10 may be stacked on top of the

first basic parking module. In the embodiment shown in Figure 2, the posts 2 1 comprise a

hollow tube, each having an aligning probe 23 at its lower portion that fits within the hollow

tube of the posts directly below it. This configuration allows easy location and assembly of

the first and second basic parking modules 10 relative to each other when the second basic

parking module 10 is lowered into place, e.g., via an overhead crane, onto the first basic



parking module 10. A pin or bolt-type anchoring arrangement, which may operate to keep

the aligning probe 23 of the upper post 2 1 from pulling out of the hollow tube of the lower

post 21, may prevent the second basic parking module 10 from being unintentionally raised

relative to or being unintentionally disassembled from the first basic parking module 10, e.g.,

due to wind or any other type of uplift force.

Referring now to Figure 3, there are shown some additional details of the posts 21.

Advantageously, the posts 2 1 are configured so as to also be positionable laterally, e.g., side-

by-side and parallel, relative to other posts. More specifically, any one or more of the four

posts 2 1 of a first basic parking module 10 may be connected to, and/or be locked together

with, a corresponding one or more of the four posts 2 1 of other basic parking modules 10.

Figure 3 illustrates an arrangement in which four basic parking modules 10 are positioned

laterally relative to each other, with posts 2 1 of each one the four basic parking modules 10

being attached to each other by a parallel post connection device 24. In this manner, a first

basic parking module 10 may be combined with any one or more of other basic parking

modules 10 in order to provide an arrangement of adjacent basic parking modules 10. These

adjacent basic parking modules 10 may form a level or floor of a parking structure, and

additional levels or floors of the parking structure may be added thereon by the stacking of

additional basic parking modules onto the first level or floor (as shown in Figure 2).

In the embodiment shown in Figure 3, the parallel post connection device may include

a spacer bracket 24 that has a cross-section that resembles a "+" sign. The spacer bracket 24

is configured to fit between the four posts 2 1 in order to maintain the four posts 2 1 in a

parallel position relative to each other. In addition, the parallel post connection device may

include frames 25 that also maintain the four posts 2 1 in a parallel position relative to each

other. Of course, while the spacer bracket 24 that is shown in Figure 3 is particularly suited

for a location in which four posts 21, each one being from a respective one of four basic

parking modules 10, are arranged adjacently relative to each other, other configurations of the

spacer bracket 24 may be employed when less than four posts are arranged together. For

example, at the outer edge of a parking structure, there may be locations at which respective

posts 2 1 of only two basic parking modules 10 are adjacent to each other, and the spacer

bracket 24 that is employed to connect these two posts 2 1 and to maintain them in parallel

relative to each other may be any suitable shape. Other shapes of the spacer bracket 24 may

be employed when three basic parking modules 10 are positioned adjacent to each other.



The space between the frames 25 that are not occupied by the respective posts 2 1 and

the spacer bracket 24 may be employed for various functions. For example, this unoccupied

space may be employed to house, e.g., cables, hoses, piping, etc., that is used by the various

components of the basic parking module 10. This use of the space is particularly

advantageous as it enables such cables, hoses, piping, etc., to be protected from being

damaged by pallets as such pallets are moved over and between various ones of the basic

parking modules 10.

Figures 4(a) and 4(b) illustrate additional features of the roller drive units 50,

according to an example embodiment of the present invention. As set forth above, the roller

drive units 50 provide a mechanism for moving, in any lateral direction, e.g., forward,

backwards, and to either side, a pallet that is located on the basic parking module 10 and that

has been lifted by the aircasters 40. In this manner, a pallet (e.g., having a vehicle disposed

thereon) may be moved by the roller drive units 50 of a first basic parking module 10 until

the pallet is then positioned on a second, adjacent basic parking module 10, and the roller

drive units 50 of the second basic parking module 10 may then be operated to move the pallet

again until the pallet is then positioned on a third, adjacent basic parking module 10, and so

on. In this manner, the pallet is successively moved by one or more of the basic parking

modules 10 until the pallet is desirably positioned on a target basic parking module 10, e.g., a

basic parking module 10 on which the pallet may be temporarily maintained.

Referring now to Figure 4(a), there is described a roller drive unit 50 according to an

example embodiment of the present invention. Generally, motion of a pallet is provided by

the rollers 2 which may be selectively raised and lowered. As the pallet is slightly raised by

the air casters 40, one or more rollers 2 of one or more respective roller drive units 50 may be

employed to direct its motion; acceleration, deceleration, stopping and direction. This may

be accomplished by the one or more rollers 2 of one or more respective roller drive units 50

being raised in order to contact an underside of the pallet. Upon contacting the underside of

the pallet, the rollers 2 rollingly engage the underside of the pallet, e.g., by friction or by

rack-like bumps on the underside of the pallet, in order to permit the several rollers 2 to push

the pallet to the desired position. As the motion progresses, additional air casters 40 and

rollers 2 may be engaged when the pallet covers them, thereby permitting still further motion

of the pallet. As the pallet moves past a particular roller drive unit 50 and/or a particular

aircaster 40, the aircaster 40 and/or the roller drive unit 50 may be lowered. Advantageously,

this raising and lowering of particular roller drive units 50 and/or a particular aircasters 40



takes place automatically, e.g., via a control system, which is set forth in additional detail

below.

In the embodiment shown, rotation of the roller 2 is provided by a motor 9, e.g., an air

motor 9. Preferably, the air motor 9 is configured to operate the rollers 9 in a bi-directional

manner, e.g., to operate the rollers 2 in a first rotational direction in order to move a pallet in

a first lateral direction relative thereto, and to operate the rollers 2 in a second rotational

direction, opposite the first rotational direction, in order to move a pallet in a second lateral

direction, opposite the first lateral direction, relative thereto. In an embodiment, the rollers 2

may be in continuous rotation. Alternatively, the rollers 2 may be stationary in a normal state

and may begin rotating upon actuation and contact with the pallet.

In addition to the rollers 2, the roller drive unit 50 may also include an actuator 1 for

performing the selective raising and lowering of the rollers 2. In the embodiment shown, the

actuator 1 is an inflatable, or otherwise expandable, element which, when inflated or

expanded, pushes the roller 2 upwardly and into contact with the underside of the pallet.

More specifically, the roller 2 may be caused to rise by it being partially rotated around a

longitudinal axis of axle 6. Preferably, as the roller 2 rises, e.g., by it being partially rotated

around a longitudinal axis of axle 6, a chain 3 is kept in tension during its movement. In an

alternative embodiment, the chain 3 may instead be a gear belt or the like. Advantageously,

it is preferred that such belt or chain 3 not lose tension while the roller 2 is raised or lowered,

so as to reliably maintain the movement of the components. The belt or chain 3 transmits

power to the roller 2 via a sprocket 8 from a sprocket 7 which is driven by a motor 9.

It should be recognized that the above-described mechanism for selectively raising

and lowering the roller 2 may comprise any suitable components for doing so. For example,

in alternative embodiments of the present invention, the system 10 may employ a pneumatic

and/or hydraulic cylinder or the like to selectively raise and lower the roller 2.

Figures 1OA, 1OB, 1IA, and 1IB illustrate another type of roller drive unit 200. The

roller drive unit 200 includes a wheel 205 that is rotatable about its axis by an actuator 210,

e.g., an electric gear motor, that is mounted to a wheel mounting structure 215. As

illustrated, the wheel mounting structure is a fork structure that extends upwardly to support

each end of a rotation shaft 220 of the wheel 205. This arrangement allows the wheel to

rotate about its rotation shaft 220 when actuated by the actuator 210.



The wheel 205 is arranged to contact a bottom surface of the pallet, e.g. pallet 22a, so

that rotation of the wheel 205 causes translation of the pallet in a direction that is tangential to

wheel 205 at the point of contact between the wheel and the pallet.

When the wheel 205 bears against the bottom of the pallet, the downwardly directed

force on the wheel is transferred through the rotation shaft 220 and the wheel mounting

structure 215 to a lower support structure 225. The lower support structure 225 is coupled to

the parking module, e.g., truss structure, to support the downward force, while also allowing

the wheel 205, along with the wheel mounting structure 215 to rotate about a vertical axis.

When the wheel 205 rotates about the vertical axis, its rotation is guided by rotation supports,

e.g., spools or bearings 230 along the circumference of a round plate 235. The round plate

235 is fixed to the wheel mounting structure 215 so that the plate 235 rotates with the wheel

mounting structure 215 about the vertical axis. The vertical axis of rotation is centered in the

middle of the plate 235 and is also at a center location with respect to the spools or bearings

230. Although five spools are illustrated, it should be appreciated that any appropriate

number of rotation supports 230 may be provided. During rotation of the wheel 205 about

the vertical axis (during which the wheel does not rotate about its horizontal axis), the plate

235 may rotate within its plane. The plate 235 has a rectangular aperture 240 through which

the top portion of the wheel 205 extends to contact the bottom of the pallet. As the weight of

the pallet Is supported at the lower support structure 225, the interaction between the plate

235 and the rotation supports 230 provides radial support to the roller drive unit 200 at an

upper location, thus providing support to maintain the axis of rotation in its vertical

orientation.

Actuation of the roller drive unit 200 about the vertical axis is provided by a lever 245

that swings through, e.g., a 90 degree angle to rotate the wheel between a first orientation and

second orientation that is at a 90 degree angle to the first orientation. For example, the first

orientation may present the wheel 205 to rotate in a vertical plane parallel to the illustrated N-

S axis, while the second orientation may present the wheel 205 to rotate in a vertical plane

parallel to the E-W axis. When the actuator 210 is activated to rotate the wheel 205, the first

orientation may, e.g., allow the pallet to be transferred in its longitudinal direction while the

second orientation may, e.g., allow the pallet to be transferred in its lateral direction. Thus,

the rotatable nature of the roller drive unit 200 allows the drive unit to move the pallet along

multiple horizontal axes.



The lever 245 may be attached to a lever system such that activation of the lever

system rotates a plurality, e.g., all, of the roller drive units 200 in unison. The lever system

may be actuated by, e.g., a pneumatic or electric piston or any other appropriate actuation

mechanism. Further, the roller drive units may be rotated by a chain and/or belt drive system

instead of or in addition to the lever 245 and lever system. In this regard, a chain or belt may

be common to multiple, e.g., ali, of the roller drive units 200 of the truss unit. This may be

achieved by weaving, or "snaking" the chain or belt between the various units 200. Even

when multiple drive units 200 are simultaneous rotated, the rotation may be in different

directions. For example, if two drive units 200 are rotated from a longitudinal direction to a

lateral direction, one may rotate in the clockwise direction while the other rotates in the

counter-clockwise direction.

The wheels 205 are designed such that the contact area between the top of the wheel

and the bottom of the pallet is relatively small while still allowing sufficient friction to move

the pallet when the wheel rotates. This allows the drive unit 205 to be rotated while bearing

against the bottom of the pallet, even while supporting at least a portion of the weight of the

pallet. This allows for vertical actuation to be dispensed with, which may result in reduced

operating costs. It should be appreciated, however, that the drive units 205 may be combined

with a vertical actuation system, if desired, to selectively remove the weight of the pallet

from the wheel 205, e.g., so that the wheel 205 has less resistance when rotating.

The wheels 205 may be formed from metal, e.g., steel. The wheels 205 may have an

outer layer formed from, e.g., a polymer, e.g., a high-density polymer. The outer layer may

be designed to achieve a desirable amount of friction between the wheels 205 and the bottom

of the pallet by, e.g., choosing the particular material and/or providing a surface texture to the

outer surface of the wheel. Further, the bottom surface of the pallet may be designed to

optimize the frictional properties.

As indicated above, the roller drive units 200 may maintain contact with the pallet

even when rotating. It may be desirable, however, to have the ability to disengage one or

more of the drive units 200, e.g., when the one or more drive units 200 malfunctions. Thus,

the drive unit 200 may be lowered so that it does not engage the pallet. This allows the

system to continue functioning until the malfunctioning unit can be serviced, since the weight

of the pallet and the movement of the pallet may be handled by the remaining, e.g., 15, drive

units 200. The amount of lowering of the wheel may be relatively small, e.g., one inch and

may be provided manually or by an automated system.



As illustrated, e.g., in Figure 1OB, the lower support structure 225 of the drive unit

200 includes an emergency lowering bolt 250 that may be turned by, e.g., maintenance

personnel, to lower the wheel 205 away from contacting the pallet. External threads of the

lowering bolt 250 engage an internally threaded structure 255, e.g., a nut, that is fixed, e.g.,

welded, to the parking module, e.g., truss structure. Thus, rotation of the bolt 250 causes the

bolt move upwardly or downwardly as the external threads rotate within the internal threads

of the structure 255. Further, when the wheel 205 is engaged with the bottom of a pallet, the

weight of the pallet is primarily transferred to the truss structure via the engagement of the

threads of the bolt 250 and the threads of the structure 255. The bolt 250 may be turned, e.g.,

by engaging the bottom portion of the bolt 250 with a corresponding tool, e.g., a wrench.

The bolt 250 is coupled to the wheel mounting structure 215 at a coupling 260. The

coupling 260 is a spherical joint that allows the bolt to be rotated while the wheel mounting

structure 215 does not rotate. Thus, the joint allows the transfer of downwardly directed

forces from, e.g., the weight of the pallet, while allowing the bolt to rotate within the threaded

connection with the truss structure. As illustrated, the coupling 260 includes a ball or sphere

262 that sits/rests in a cup-shaped upper end 252 of the bolt 250. It should be appreciated,

however, that the coupling 260 may be any appropriate coupling mechanism, e.g., a bushing

or a spherical bearing.

To provide additional stability, a radial support, e.g., bearing, 265 is provided in the

vicinity of the coupling 260. The radial support provides support in the radial direction while

allowing the wheel mounting structure 2 Ϊ 5 to translate upwardly and downwardly when the

bolt 250 is turned. The radial support may be, e.g., a radial bearing or bushing interface that

allows axial movement between the wheel mounting structure 215 and the truss structure.

Figures 1IA and U B illustrate top views of an exemplary layout of drive units 200

with respect to a parking module or structure 280 that shares many features in common with

the parking module 10 described above. The parking module 280 includes 16 drive units 200

spaced apart in a four-by-four matrix as shown; however, it should be appreciated that any

appropriate number of drive units may be provided in any appropriate layout. Figure 1IA

shows the drive units 200 in a first orientation, where the wheels 205 are arranged to rotate in

a lateral vertical plane to move a pallet in a lateral direction. Figure 1IB shows the drive

units 200 in a second orientation, where the wheels 205 are arranged to rotate in a

longitudinal vertical plane to move the pallet in a longitudinal direction. Although the wheels

205 in Figure 1IA are oriented in the same direction and the wheels 205 in Figure 1IB are



oriented in a direction that is rotated 90 degrees with respect to the direction of Figure 1IB, it

should be appreciated that the wheels may rotate between orientations that are at an angle of

other than 90 degrees and/or may be angled in different directions at a given time, e.g., where

it is desired to rotate the pallet in analogous manner to that described with respect to the

"turntable" illustrated in Figure 5. For example, the object and the pallet may be rotated in

plan by setting the rotation of the support wheels about the vertical axis to a position

perpendicular in plan to a radius from the center of a turntable position. In this arrangement,

the wheels would rotate about their horizontal axes to rotate the pallet about the center of the

turntable position. Put another way, the horizontal rotational axes of each wheel would pass

through the center of the turntable position.

Further, although the example system of Figures 1IA and H B dispenses with air

casters, it should be appreciated that other examples may include both drive units 200 and air

casters.

The system 10 may also include a control system 70, which is illustrated

schematically in Figure l(a). The control system 70 may be coupled to the various

components of the basic parking module 10, e.g., the air casters 40 and the roller drive units

50, in order to sense and control their movements. Specifically, in an example embodiment,

actuation of the rotation of the wheels 205 or rollers 2 and/or of the selective raising and

lowering mechanism may be controlled by the controller 70, which may be configured to

time and coordinate these movements in accordance with the positions and/or direction of

movements of the pallets. Also, the controller 70 may be configured to simultaneously

operate one or more air casters 40 and/or roller drive units 50 or 200 that are located adjacent

to each other, so as to be sure that the components work in tandem and in sequence and that a

pallet that is moved thereby is acted upon by the various components evenly and may be

moved straight, e.g., in the intended direction and without moving askew.

Of course, any type of control system that is capable of controlling the movement and

sensing of the various components of the basic parking module 10 or 280, in order to move

pallets thereupon, may be employed in the present invention. Advantageously, the control

system 70 includes software that provides intelligence and position sensing in determining

how to control the movement of the various components of the basic parking module 10 or

280.



Still further, the control system 70 advantageously also includes software that

provides intelligence in determining how to move the pallets within the parking structure in

order to achieve a desired objective. For example, in an example embodiment of the present

invention, the control system 70 may include software that provides sensing and intelligence

in determining how to move the pallets within the parking structure in order to minimize the

amount of time that is required in order to retrieve a vehicle that has been parked in the

parking structure. In this embodiment, the software may consider such factors as how often a

vehicle is moved, when a person anticipates returning to retrieve the vehicle, how many

vehicles may be parked in the parking structure at any given time, etc. In this manner, the

software may determine where to park a particular vehicle, and where to park other vehicles

in the parking structure, so as to be able to retrieve and return the vehicle to an individual that

is retrieving it in the shortest amount of time or within a pre-determined acceptable time

period. For example, if a person that uses a vehicle every day, e.g., at a given time of the

morning to go to work, leaves the vehicle at night for over-night parking, the software of the

control system 70 may determine where to park the vehicle within the parking structure in

order to insure that the vehicle can be retrieved and returned to the individual the following

morning within, e.g., two minutes. Alternatively, if a person that uses a vehicle irregularly,

e.g., once a week, leaves the vehicle for parking within the parking structure, the software of

the control system 70 may detennine where to park the vehicle within the parking structure in

order to insure that the vehicle can be retrieved and returned to the individual when next

requested within, e.g., three minutes.

It should be recognized that the amount of time that the software determines is an

appropriate amount of time to retrieve a vehicle may depend on any number of different

factors. For example, the software may use as a factor in determining an appropriate amount

of time to retrieve a vehicle, e.g., the size of the parking structure, the number of vehicles that

are currently parked in the parking structure, the number of vehicles that are expected to be

parked in the parking structure, the time of day, the type of vehicles, etc. Also the software

program can be updated to accommodate change of usage patterns , change of capacity or any

other type of operational change, e.g. adding entrances and exits or elevator elements.

Also, the software may use user preferences as a factor in determining an appropriate

amount of time to retrieve a vehicle. In this embodiment, a user may provide, at some point

in time, a time period that he or she feels is an acceptable amount of time to wait for a vehicle

to be retrieved from the parking structure. For example, in an embodiment, a user may



provide such information during a registration period, and the software may store this

information in a suitable database. Upon the user indicating a desire to have the vehicle

retrieved, the software may access the database and use the information to retrieve the

information in accordance with the stored time preference. Alternatively, a user may provide

such information immediately prior to desiring to pick up the vehicle. This may occur when

the user, e.g., makes a request for the vehicle to be retrieved, such as by a telephone call to an

automated system, a computer generated request, etc. Also, this may occur when the user,

e.g., swipes a card on the premise, the card imparting data to an automated card reader system

that communicates with the control system for retrieving the vehicle. This automated card

reader may be located in any conceivable location, for example, in a retrieval bay of the

parking structure, in an elevator of a building leading to such a retrieval bay. Upon the user

indicating a desire to have the vehicle retrieved by swiping the card through the automated

card reader, the software may access the database and use the information to retrieve the

vehicle within a given amount of time. A system that includes, e.g., a card reader in an

elevator (or some other location that is remote from the parking structure but that may be in a

location that a user may frequent immediately before picking up the vehicle), may improve a

user's satisfaction with the amount of time needed to retrieve a vehicle, since it enables an

arrangement in which the vehicle can be in the process of being retrieved while the user is

still traveling towards the retrieval bay. The user's identity may be confirmed upon arrival,

e.g., by an automated verification system.

It should be recognized that the manner in which the software determines how to

prioritize the retrieval of any given vehicle may also include any number of possible factors.

For example, if two or more users request the retrieval of their respective vehicles at

approximately the same time, the control system 70 may prioritize the retrieval based upon

factors such as, e.g., a first-come-first-served basis, an amount of fees that is collected from

each user (e.g., such that a user that pays a higher fee gets preferential treatment) or an

environmental ranking of the vehicles (e.g., a small compact car may get preferential

treatment over a gas-guzzler vehicle so as to provide an incentive to users to buy and park

vehicles that are environmentally friendly). Additionally or alternatively, the control system

70 may determine, upon receiving two or more requests to retrieve vehicles, a retrieval

schedule that provides for the shortest average retrieval time period for the two vehicles.

Additionally or alternatively, the control system 70 may determine, upon receiving two or



more requests to retrieve vehicles, a retrieval schedule that requires the smallest expenditure

of energy to retrieve the two or more vehicles.

Furthermore, the control system 70 may move vehicles, in accordance with any of the

above-mentioned factors, prior to receiving a request from a user to retrieve a vehicle. For

example, the control system 70 may make its own determination of when a user is likely to

make a request to retrieve a vehicle (e.g., based upon the a time provided by a user, or based

upon an evaluation of the user's typical retrieval pattern, etc.), and to move vehicles in

advance of receiving a request from the user to retrieve a vehicle. Thus, if the control system

70 determines that a user is likely to make a request to retrieve his or her vehicle at a given

lime, the control system 70 may begin moving vehicles, including the user's vehicle, in order

to have the user's vehicle in a suitable location within the parking structure that enables it to

be retrieved in accordance with any of the above-mentioned factors. For example, if the

control system 70 is configured so as to provide for the retrieval of a vehicle within a two

minute time period, the control system may, upon determining that a user is likely to make a

request to retrieve his or her vehicle at, e.g., 8 a.m., begin moving vehicles several minutes

(or hours, or any period of time that is calculated to be optimal), including the user's vehicle,

in order to have the user's vehicle in a suitable location within the parking structure that

enables it to be retrieved in two minutes or less. Likewise, if the control system 70 is

configured so as to provide for the retrieval of a vehicle with the least energy expenditure

possible, the control system may, upon determining that a user is likely to make a request to

retrieve his or her vehicle at, e.g., 8 a.m. f begin moving vehicles several minutes (or hours, or

any period of time that is calculated to be optimal), including the user's vehicle, in order to

have the user's vehicle in a suitable location within the parking structure that enables it to be

retrieved with the least energy expenditure possible. Of course, the control system 70 may be

configured to begin moving vehicles several minutes (or hours, or any period of time that is

calculated to be optimal) in advance of an anticipated retrieval request, in order to have the

user's vehicle in a suitable location within the parking structure for meeting any of the above-

mentioned factors, or any other conceivable factors.

Figure 8 illustrates a layout of various floors according to a particular embodiment of

the system. In particular, a ground floor 110 and additional floors 111 (for example, floors 2

through 10) are shown. The ground floor has a cashier station 112 and there is a stairwell

113 that extends to each floor of the system. When a vehicle 115 arrives at the ground floor

110 of the parking facility, it is driven onto a pallet 120, at which point the entry module



system checks that its size is not too large for acceptance. Each pallet is approximately 19' x

8' in this example. The height of the vehicle typically should not exceed 7.5', but it will be

appreciated that, according to some embodiments, other heights may be accommodated.

Once size verification is confirmed, the driver exits the vehicle 115 and inputs information

regarding the length of time anticipated and the method of payment into a touch pad screen

and receives a coded ticket. The pallet 110 positions itself for entry into the elevator 125 with

the vehicle nose first. On subsequent floors 111, the elevator 125 can be accessed from

multiple sides. The elevator 125 moves the car to the floor selected by a software program

based on the estimated retrieval time indicated by the driver. From the moment the software

program has identified a spot for the vehicle 115, pallets on the selected floor 111 begin

moving so that a path to the selected spot will be open when the elevator 125 arrives. When

the owner returns to retrieve the vehicle 115, he or she places the coded ticket into a reader

which determines the amount to be paid. Simultaneously, the software program locates the

vehicle 115 and positions it at the elevator 125 for delivery. After payment is confirmed, the

vehicle 115 enters the elevator 125 and descends/ascends to the ground floor 110. Upon

reaching the ground floor 110, typically at street level, the vehicle 115 exits the elevator 125

laterally onto a turntable 130 built into the floor. The turntable 130 rotates the vehicle

approximately 180° so the driver can exit onto the street in forward mode. As each pallet 120

is occupied by an incoming vehicle, the software program signals for a new pallet to be put in

place for the next vehicle. As most vehicles arrive in the morning and exit in the evening (or

arrive at the beginning of an event and exit at the end) the facility contains a storage system

including pallet storage areas 135 for keeping pallets available on the ground floor behind the

turntable. Pallets 120 will be able to freely travel over the turntable 130 and to be positioned

to accept the next incoming vehicle or store the empty pallet. The physical configuration of

the facility is almost limitless as the modular system and transport mechanism allow for

maximum floor plan and stacking flexibility.

Figure 9, shows a section view of a multi-level elevator. The elevator has elevator

modules 22A, 22B, 22C, 22D with trusses and are the same as parking modules 10 or 280,

except elevator modules 22A, 22B, 22C, 22D are supported by tension member 22G allowing

motion as a unit up and down by power unit 22F. This permits (in this example, four) floors

to move cars/pallets orthogonally through the elevator shaft for efficiency of positioning.

The elevator modules may shuffle pallets between floors by, for example, by shunting a pallet

onto a floor and picking it up on a different level of the elevator. The modular nature of the



elevator provides added flexibility in that elevator modules can be added or removed based

on need. In the example depicted in Figure 9, if, for example, three of the four modules were

removed, the remaining elevator would travel to each floor.

The various embodiments of the present invention set forth hereinabove may provide

many advantages over conventional systems for moving and storing objects, and in particular

for parking vehicles in a parking structure. For example, because the plurality of basic

parking modules 10 or 280 may be assembled together so as to form a parking structure 100

in any conceivable arrangement, and furthermore because the individual basic parking

modules are each equipped with components for detecting and moving pallets relative thereto

in any direction, a modular-type parking structure may conform to a building site, e.g., even

an irregularly shaped building whose footprint might otherwise be incompatible or unsuitable

for use as a conventional parking structure with ramps, cranes, etc. In this regard, a module

may sense the position, movement, velocity, etc. of the pallet and communicate such

information to and from other such modules. This communication, which may be, e.g.,

directly transferred between the modules and/or relayed via the control system, allows the

pallet to be maneuvered between the modules by alerting the receiving module as to the

oncoming pallet. This communication may also facilitate the functioning of modules in a

turntable arrangement.

In addition, because the individual basic parking modules are each equipped with

components and sensors for moving pallets relative thereto in any direction, the parking

structure 100 may be capable of storing, e.g., parking, many more vehicles in a given space

as compared to conventional systems for parking vehicles in a parking structure. Figures 7(a)

and 7(b) illustrate a conventional parking structure (having ramps, etc.) and a parking

structure that employs the system of the present invention, respectively. It should be evident

that the parking structure that employs the system of the present invention may park a

significantly greater number of vehicles in the same space as compared to the conventional

parking structure (having ramps, etc.). For example, the structure illustrated in Figure 7(b)

can hold 98 spaces, while the conventional structure illustrated in Figure 7(a) can hold only

56 spaces per level

The elevator units are also constructed in a modular fashion each level being stacked

upon the previous. Each elevator essentially being a module 10 or 280. This means that the

elevator stack may be located at any vertical point in the structure and also that more than one



elevator stack may be employed to facilitate the operation. In the example embodiment

depicted at Figure 7(b), the elevator has a multi-directional pallet transfer system, wherein the

pallet transfer system can transfer the pallet with the vehicle from the elevator lift to adjacent

parking modules in any one of a first forward direction, a second rear direction, a third side

direction and a fourth side direction. This accessibility from four sides allows the lift to

function as a pass-through space, thereby effectively increasing the efficiency of the system.

Although the elevators depicted at Figure 7(b) are accessible from 4 sides, it will be

appreciated that, according to other example embodiments, the elevator may be accessible

from less than four sides. For example, if the elevator were adjacent to a side wall, it would

be accessible from 3 sides, or if the elevator were in a comer, it would be accessible from 2

sides. However, the pass-through ability may be retained as long as at least two sides are

accessible.

Furthermore, having individual basic parking modules 10 or 280 that are identical or

at least very similar to each other greatly simplifies the manufacturing process, the

construction and assembly process, etc., thereby providing significant cost benefits. For

example, a parking structure 100 may be constructed of any number of the individual basic

parking modules 10 or 280 which may be assembled on-site with a crane or the like,

eliminating many of the costs and complexities of typical building construction.

It is further noted that, like the parking modules, the elevators of the example

embodiment are modular as well. This modularity of the elevators allows an even greater

amount of flexibility in system design and adaptation. In this regard, the elevator stacks may

be placed at any location within the structure, and/or the elevator stacks may be staggered.

Moreover, the elevator stacks (as is also true with respect to the parking modules), may be

added or removed, in response to, e.g., increased or decreased parking demands.

Stili further, the above-described control system 70 may provide numerous benefits

over conventional systems for moving and storing objects, and in particular for parking

vehicles in a parking structure. For example, the control system 70, and in particular the

software that is employed by the control system 70, may provide intelligence in optimizing

the operation of the various components that make up the parking structure 100. In this

manner, performance criteria (such as being able to retrieve a vehicle in a predetermined

amount of time or using less than a predetermined amount of energy, etc.) may be achieved,

thereby improving customer satisfaction, reducing costs of operation, etc. Also, due to the

sensing and control aspects of system 70 advantages accrue in local and remote monitoring



both to allow customers to view the location of their vehicle and for central remote

maintenance assessment in case of emergency

Thus, the several aforementioned objects and advantages of the present invention are

most effectively attained. Those skilled in the art will appreciate that numerous

modifications of the exemplary embodiment described hereinabove may be made without

departing from the spirit and scope of the invention. Although various exemplary

embodiments of the present invention have been described and disclosed in detail herein, it

should be understood that this invention is in no sense limited thereby. Moreover, the

features described herein may be used in any combination.



What is Claimed is:

1. A system, comprising:

a pallet configured to receive an object; and

a structure including a plurality of modules configured to receive the pallet with

the object,

wherein the modules include multi-directional pallet transfer systems, the pallet

transfer systems configured to transfer the pallet with the object to adjacent modules in any

one of a first forward direction, a second rear direction, a third side direction and a fourth side

direction.

2. The system of claim 1, wherein the object is a vehicle.

3. The system of claim 2, wherein the structure is a parking structure.

4. The system of claim 3, wherein the structure is a multi-level parking structure.

5 . The system of claim 4, further comprising a multi-level lift configured to travel

between levels of the parking structure.

6. The system of claim 5 wherein the transfer lift also includes a multi-directional pallet

transfer system, the pallet transfer system configured to transfer the pallet with the vehicle

from the lift to adjacent different parking modules in any one of the first forward direction,

the second rear direction, the third side direction and the fourth side direction.

7. The system of claim 6, wherein the parking structure includes posts that support parking

modules including truss support arrangements that are configured to receive the pallet with

the vehicle.

8. The system of claim 1, wherein the pallet transfer system includes air casters and roller

systems.

9. The system of claim 8, wherein the roller systems include a roller, an actuator and

roller driver.

10. The system of claim 9, wherein the roller driver is a motor.

11. The system of claim 10, wherein the pallet transfer system is situated within the



truss support arrangements.

12. The system of claim 1, wherein the structure had a modular construction.

13. The system of claim 1, further comprising at least one turntable module that is configured

to rotate a pallet having the object thereon.

14. The system of claim 13, wherein the one or more turntable modules include air

casters and rollers .

15. The system of claim 1, further comprising a control system configured to control

the actuation of the pallet transfer systems.

16. The system of claim 15, wherein the control system includes software and a user

interface.

17. The system of claim 16, wherein the user interface is configured to provide data

corresponding to a desired retrieval of a stored object.

18. A system, comprising:

a pallet configured to receive an object;

a structure including a plurality of modules configured to receive the pallet with

the object, the modules including multi-directional pallet transfer systems, the pallet

transfer systems configured to transfer the pallet with the object to adjacent modules in a

plurality of directions; and

a control system configured to automatically engage and disengage the multi¬

directional pallet transfer systems of each module as a pallet is moved relative to the

module.

19. The system of claim 18, wherein the control system is configured to receive from a

user a request to retrieve from the structure any given module.

20. The system of claim 19, wherein, upon receiving from a user a request to retrieve

from the structure a given module, the control system is configured to prioritize the

retrieval based upon at least one of a first-come-first-served basis, an amount of fees

that is collected from each user, an environmental ranking of the vehicles, a shortest

average retrieval time period and energy expenditure.



21. The system of claim 18, wherein the control system includes software that

determines an appropriate amount of time to retrieve a vehicle.

22. The system of claim 18, wherein the software is configured to use as a factor in

determining an appropriate amount of time to retrieve a vehicle at least one of the size

of the parking structure, the number of vehicles that are currently parked in the parking

structure, the number of vehicles that are expected to be parked in the parking structure,

the time of day, and the type of vehicles.

23. The system of claim 18, wherein the control system communicates via a user interface

to receive a request for retrieving a vehicle.

24. A method for moving an object in a structure, comprising:

positioning the object on a pallet;

transferring the pallet and the object from a lift to a first module that is orthogonally

located relative to the lift via a multi-directional pallet transfer system of the first module and

the lift; and

transferring the pallet and the object from the first module to a second module that is

orthogonally located relative to the first module via the multi-directional pallet transfer

system of the first module and a multi-directional pallet transfer system of the second

module.

25. The method of claim 24, further comprising the step of controlling the multi

directional pallet transfer system via a control system.

26. A method for parking a vehicle in a structure and subsequently retrieving the vehicle,

comprising:

positioning the vehicle on a pallet;

transferring the pallet and the vehicle from a lift to parking modules and between

different parking modules, wherein the lift and parking modules include multi-directional

pallet transfer systems, the pallet transfer systems configured to transfer the pallet with the

vehicle to different parking modules in any one of a first forward direction, a second rear

direction, a third side direction and a fourth side direction;

positioning the pallet and vehicle in a designated parking module;

awaiting a command to retrieve the pallet and vehicle;

positioning the lift to retrieve the pallet and vehicle;



transferring the pallet and vehicle to the lift; and

positioning the lift for retrieval of the vehicle.

27. The method of claim 26, wherein the command is generated by a user.

28. The method of claim 27, wherein the user generates the command by sending a request

to retrieve the vehicle.

29. The method of claim 26, wherein the command is generated by software that is

configured to determine when a user is likely to a request to retrieve the vehicle.

30. The method of claim 29, wherein, upon the software determining when a user is likely

to request to retrieve the vehicle, the controller moves at least one pallet so as to enable the

vehicle to be retrieved.

31. The method of claim 30, wherein the controller moves the at least one pallet so as to

achieve a shorter retrieval time for the vehicle.

32. A unit for storage, comprising:

a first module including a multi-directional pallet transfer system, the pallet

transfer system configured to transfer a pallet with an object to adjacent modules in any

one of a first forward direction, a second rear direction, a third side direction and a fourth

side direction;

wherein the first module is configured to be adjoined to the adjacent modules.

33. The unit for storage of claim 32, wherein the module is further configured to be

securely stacked on top of a lower module.

34. The unit for storage of claim 33, wherein the first module is further configured to have

an upper module securely stacked thereon.

35. The unit for storage of claim 32, wherein the object is an automobile.

36. The unit for storage of claim 32, wherein the first module comprises a truss structure.

37. The unit for storage of claim 32, the pallet transfer system includes air casters and a

roller system.

38. The unit for storage of claim 37, wherein the roller system includes a roller, an



actuator and roller driver.

39. The unit for storage of claim 32, wherein the multidirectional pallet transfer system is

configured to be controlled by a computer program.

40. A system, comprising:

a pallet configured to receive an object; and

a structure including a plurality of modules configured to receive the pallet with

the object,

wherein each of the modules includes a drive unit that includes a wheel arranged to

move the pallet to adjacent modules in any one of a first forward direction and a second rear

direction when the wheel is in a first orientation and in any one of a third side direction and a

fourth side direction when the wheel is in a second orientation, the wheel being rotatable

about a vertical axis between the first orientation and the second orientation.

4 1. The system of claim 40, wherein the object is a vehicle.

42. The system of claim 41, wherein the structure is a parking structure.

43. The system of claim 42, wherein the structure is a multi-level parking structure.

44. The system of claim 43, further comprising a multi-level lift configured to travel

between levels of the parking structure.

45. The system of claim 44, wherein the lift also includes a drive unit that includes a wheel

arranged to move the pallet to adjacent parking modules in any one of a first forward

direction and a second rear direction when the wheel is in a first orientation and in any one of

a third side direction and a fourth side direction when the wheel is in a second orientation, the

wheel being rotatable about a vertical axis between the first orientation and the second

orientation.

46. The system of claim 45, wherein the parking structure includes posts that support

parking modules including truss support arrangements that are configured to receive the

pallet with the vehicle.

47. The system of claim 40, wherein each wheel is configured to rotate about its vertical axis

between the first orientation and the second orientation while the wheel is in load-bearing



contact with a bottom surface of the pallet.

48. The system of claim 40, wherein each drive unit includes an actuator arranged to

drive the wheel.

49. The system of claim 48, wherein the actuator is an electric motor.

50. The system of claim 49, wherein the drive units are situated within truss support

arrangements.

51. The system of claim 40, wherein the structure has a modular construction.

52. The system of claim 40, further comprising at least one turntable module that is

configured to rotate a pallet in plan having the object thereon, the turntable module including

a drive unit that includes a wheel arranged to move the pallet to adjacent parking modules in

any one of a first direction and a second direction when the wheel is in a first orientation and

in any one of a third direction and a fourth direction when the wheel is in a second

orientation, the wheel being rotatable about a vertical axis between the first orientation and

the second orientation.

53. The system of claim 40, further comprising a control and sensing system configured

to control the actuation of the drive units.

54. The system of claim 53, wherein the control system includes software and a user

interface.

55. The system of claim 54, wherein the user interface is configured to provide data

corresponding to a desired retrieval of a stored object.

56. A method for moving an object in a structure, comprising:

positioning the object on a pallet; and

transferring the pallet and the object from a first module to a second module that is

orthogonally located relative to the first module via drive units of the first module and the

second module, each of the drive units including a wheel arranged to contact a bottom surface

of the pallet, rotation of the wheels about respective horizontal axes causing the object and

the pallet to move in any one of a first direction and a second direction when the wheels are

in a first orientation and in any one of a third direction and a fourth direction when the wheels



are in a second orientation, the wheels being rotatable about respective vertical axes between

the first orientation and the second orientation.

57. The method according to claim 56, further comprising the steps of:

sensing the position of the pallet; and

communicating data between the first module and the second module.

58. The method of claim 56, further comprising the step of controlling the drive units via a

sensing and control system.

59. The method of claim 58, wherein the sensing and control system is configured to sense

the position, direction, and speed of the pallet.

60. The method of claim 56, further comprising the step of rotating the object and the pallet

in plan by rotating the wheels about the vertical axes to a position perpendicular in plan to a

radius from the center of a turntable position and rotating the wheels about their horizontal

axes.
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