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(57) Abrege(suite)/Abstract(continued):

tokens associated with a respective crane from the plurality of cranes, and a processing unit responsive to commands Inputable by
an operator of the master controller unit to send the commands to individual cranes from the plurality of cranes, wherein the
processing unit associates the commands with respective tokens to control the cranes associated with those tokens. The crane
control system In some embodiments also includes a processing unit that is responsive to a signal indicative of a synchronization
loss to Issue a command to bring the plurality of cranes into a safe condition, such as an emergency stop, or a corrective action.
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(57) Abstract: A crane control system for controlling a plurality of cranes 1s provided. The crane control system mn some embodi-
ments includes a master controller unit, at least one computer readable memory for storing a plurality of tokens, each token from the
plurality of tokens associated with a respective crane from the plurality of cranes, and a processing unit responsive to commands in -

&\ putable by an operator of the master controller unit to send the commands to individual cranes from the plurality of cranes, wherein
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the processing unit associates the commands with respective tokens to control the cranes associated with those tokens. The crane
control system m some embodiments also includes a processing unit that 1s responsive to a signal mdicative of a synchronization
loss to 1ssue a command to bring the plurality of cranes into a safe condition, such as an emergency stop, or a corrective action.
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TITLE: Method, system and related devices {or operating mulfiple cranes in unison.

FIRLD OF THE INVENTION

5  The invention generally relates to g sysiem for operating cranes, 1n particular 10 3 crane master
controller unit and slave master controller unit for operating multiple cranes n unison. The

invention also relates to a method for operating multiple crases in unison.

BACKGROUND
10
Overhead cranes are commonly used in manufacturing and other indusinial applications. An
overhead crane is installed on parallel runways usually tied to a building structure. The crane
has a bridge spanning across the gap of the runways, a trolley that tfraverses across the bridge
and a hoist on the trolley that can move up or down and can lift objects. Overhead cranes, of
18 this type, can be operated remotely using a master controlier unit to Lt and displace heavy

obiects.

In some situations, it is desirable to use multiple cranes to lift an object. For instance, when an
obiect is too large to be lifted by a single trolley and hoist, two or more trolleys or hoists may
20 be used. For example, a single bridge can have two trolleys where cach of the trolleys has a
single hoist, while in other cases the multiple cranes may consist of two bridges each with a

troliey and a hoist,

in general, the task of controlling multiple cranes is more challenging for the operator than
25 controlling a single crane. Therefore, there is a need m the industry for providing a user
friendly svstem and method sllowmng to link the master controller unit of the operator to
respective cranes, in g secure fashion to prevent inadvertently actuating a crane other than the

one the operator intends {o control.

30
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SUMMARY

In accordance with a first aspect, the invention relates to a crane control system for controling
a plurality of cranes, the crane control system comprising a master controiler umi; a computer
5 readable storage for storing a plurality of tokens, each token from the pluralily of lokens
associated with 8 respective crane from the plorality of cranes; and a processing uni
responsive to commands inputable by an operator of the master controller unit to send the
commands to individual cranes from the plurality of cranes, the processing unit being
configured to associate the commands with respective tokens to control the cranes associated

10 with the tokens.

Tn accordance with a second aspect, the invention relates to a crane conirol system for
controlling a plurality of cranes in synchronism, the crane control system comprising: a master
controller unit; a processing unit responsive to commands inputable by an operator of the
15 master controller unit to send commands to the plurality of cranes to operate the cranes m
synchronism, the processing unit being responsive to a signal indicative of a loss of
synchronization between the cranes to output a conunand to bring one or more of the pluratity

of cranes 1 a safe condition.

20 In accordance with a third aspect, the invention relates to a crane control system for
controlling cranes, the crane conirol systern comprising: a master controller unit, including a
user interface for receiving user commands to coutrol crancs, the user interface including a
mode selector allowing the user to select a mode of operation among a plurality of modes of

aperation, the plurality of modes of operation including a first mode of operation and a second

.2
&

mode of operation; (i} when the mode selector is in the first mode of operation the master
controller unit being configured to respond to user commands input at the user mterface to
cutput first command signals directed to a single crane; (if) when the mode selector is in the
second mode of operation the master controller unit being configured to respond to user
commuands input at the user interface o output second command signals directed to two or

30 more cranes, each crane of the two or more cranes having at least two motion axes, the second

S
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command signals directing at least one motion axis of one crane to operate in unison with at

least one motion a8 on another crane.

In accordance with a fourth aspect, the invention relates to 8 crane control system for

5 controlling cranes, the crane control system comprising: a master controlier unit, mcluding 3
user interface for receiving user conimands to control cranes, the master controller unit being
configured to respond to user commands input at the user interface to output command signals
directed to two or more cranes, each crane of the two or more cranes having at least {wgo
motion axes, the command signals directing at least one motion axis of one crane to operate in

16 unison with at least one motion axis on another ¢rane; the user interface including a position
selection mechanism configured to allow the user to select a postiion among 8 plurality of
positions; in response to selection of a position among the plurality of positions the master
controller unit ocutputting command signals directed to the two or more cranes to direct the

cranes to move to the selected position,

15
In accordance with a fifth aspect, the invention provides a crane system, comprising a first
crane, a second crane, a control system for controlling the first and second cranes in
synchronism and a monitoring system for monitoring the first and second cranes for of a loss
of synchronization there between.

20

These and other aspects of the invention will now become apparent to those of ordinary skill
in the art upon review of the following description of embodiments of the invention in

conjunction with the accompanying drawings.

25 BRIEF DESCRIPTION OF THE DRAWIRGS

A detailed description of embodiments of the invention is provided below, by way of example

only, with reference to the accompanying drawings, in which:

Ty
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Figure 1 15 a perspeciive view of a crane controller system in accordance with a specific

example of implementation of the invention.

Figure 2 ts a block dtagram of a master controller unit used in the system shown in Figure 1,

>
Figure 3 s a perspective view of the controf panel of the masier controller unit, according to a
first example of impiementation of the imvention.
Figure 4 is a block diagram of a slave cranc control unit used in the system shown i Figure |
10

Figure § is a block diagram of a communication organizational structure, illustrating various
components of the system of Figure 1, communicating with each other {o convey commands

issued by the master controller unit for implementation by multiple cranes.

15  Figure & is g block diagram of the communication organizational struciure, according to a

variant.

Figure 7 1s a perspective view of the control panel of the master controller unit, according {0 a
variant,

2{
Figure 8 is a block diagram of the communication organizational structure according to yet

another variant,
Figure 9 is a perspective view of g variant of the crane controlier systenm.
Figures 104, 10B, 10C and 10D are illustrations of the structure of data storage unifs 1 a fust

master controller unit, a second master controller unit and a centralized controller

accordance with a specific example of implementation of the mvention.

(o
L3

Figure 11 is a flowchart of a process {or controlling cranes.
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Figure 12 is a flowchart of a process for determining if a crane is standing by and available for

service or is aiready in use.

5  Figure 13 is a perspective view of yet another variant of the crane controlier system,

Figure 14 is a flowchart of a process for setting a mode of operation of the master controller

umit.

10 Figure 15 is a flowchart of a process for maneuvering multiple cranes in an automatic

positioning mode.

Figure 16 is a flowchart of a process implemented by a monitoring system for detecting a
synchronization loss between cranes,

15
Figure 17 is a perspective view of a crane control system using a master controlier unit, which

is hardwired.

It is to be expressly vnderstood that the description and drawings are only for the purpose of
20 illustrating certain embodiments of the invention and are an aid for understanding. They are

not intended to be a definition of the Hmits of the mvention.

DETAILED DESCRIPTION

25  Figure | shows a crane control system 100 for controlling a plurality of cranes 101, In thus
example, the crane control system 100 includes a master controller unit 200, which is operable
by a user or operator 102 to control the plurality of cranes 101, Figure 1 iliustrates two
overhead cranes 101 and 101, that are bottom running on single girder bridges 103y and 103,
respectively. The bridges 103, and 103; span across a gap of the two parallel runways 104 and

30 the bridges 103, and 103; are movable along the two parallel runways 104, Also, as illustrated,

vy
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trolleys 108; and 105; are traversable across the bridges 103; and 103, respectively. Each
trolley 1035; and 1035; includes a hoist 106; and 106;, respectively, that can move up or down,
Fach crane 101, and 101, also has a slave crane control unit 400; and 400,, respectively, for
receiving conunands from the master controller unit 200 to control the movement of the crane

5  {ie., the movement of the bridge, trolley and hoist).

Other overhead crane configurations are possible. For example, the inveniion may be
implemented on cranes having bridges with a single or double girder or having trolieys that
are top running instead of being botiom running along the bridge. In other cases, the cranes

10 may be provided with multiple trolleys and hoists per bridge.

Although not illustrated in Figure 1, the crane control system 100 includes at least one
computer readable data storage unit for storing s plurality of tokens, each token being
associated with a respective crane. Furthermore, although not illustrated in Figure 1, the crane
15  control system 100 also includes a data processing unit that is responsive to commands nput
by the operator 102 of the master controller unit 200 for composing command data strings and
sending the command data strings to individual cranes 101 and 101;, wherein the data
processing unit associates the commands with the respective tokens to control the cranes
associated with those tokens. The computer readable data storage unit and the data processing

20 unit will be discussed in more detail in the example implementations below,
Various implementations of the crane control system 100 will now be discussed by way of the
following examples. For ease of reference, in discussing the various implementations of the

crane control system 100, a “prime” (*) indicator is included on previously introduced

25  reference characters 1o indicate a variant of the previously introduced element or embodiment.

30 Master controliey unit
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Figure 2 is a block diagram of a specific non-limiting example of g master controller umt 200.
The master controller unit 200 is used for controlling a plurality of cranes 101, As shown, the
master controller unit 200 includes a communication interface 202. The commumication
5  interface 202 is configured o communicate {e.g.. send commands) with a plurality of cranes
101. The communication interface 202 may communicate with a plurality of cranes 101 by
communicating with a plurality of slave crane control units 400, where each slave crane
control unit 400 controls a respective crane {e.g., moves the bridge, hoist, and/or trolley) from
the plurality of cranes 1¢1 based on conunands that it receives.
10
The master controller unit 200 includes at least one computer readable data storage vt 204
for storing a plurality of tokens, where cach token is associated with a respective crane U1,
The tokens may be identifiers, such as addresses to identify uniquely each crane from the
plurality of cranes 101, The computer readable data storage unit 204 may take various forms.
15  For example, the computer readable data storage unit 204 may take the form of one or more
srogrammed keys, chips, memory cards or any other suitable means (hereinafier referred to a3
“keys™), which are insertable into the master controller unit 200. Figure 3 illustrates an
example of the master controller unit 20{°, where the master controller unit 2007 13 portable.
Each kev from the plurality of keys 301;, 301,, 301; and 301, is inserfable into a respective
20 slot from a plurality of slots 3025, 3023, 302; and 302, of the master controller urat 2007, The
housing of the master controller unit 200’ has a series of slots 302, 302,, 302; and 302, that
can mechanically engage the keys 3014, 301,, 3015 and 3014 The slots 3024, 302;, 302; and

3024 have eleciric terminals that mate with electric terminals of the keys 301, 301, 301; and
101, such that the content of the keys can be read. Although Figure 3 illustrates four keys and
25  four slots, it is appreciated that the number of keys and mumber of slots need not be linuted to

four, and may be more or may be less than four.
Each of the keys is encoded with a respective crane’s token (e.g., the address or identifier of

the crane). Figure 1 illustrates an example of two cranes 101 and 101; controlled by the

30 operator 102 with a portable master controller unit, Although Figure 1 illustrates the use of the
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master controller unit 200, for this example it is to be understood that the operator 102 is using
the portable master controller unit 200°. In this example, two keys 301; and 301, are inserted
into slots 302, and 302, of the master controller unit 2007, respectively. Furthermore, In this
example, each crane 101, and 101, has a respective slave crane control umt 400, and 404{,,

5  respectively, for receiving the commands from the control unit 200 and umplementing the
commands, by moving the respective cranes. The key 301, is encoded with a token for the
slave crane conirol unit 200; and the kev 301, is encoded with a token for the slave crane
control unit 200,. This configuration allows the operator 102 to control the cranes 101y and
101,, cither together or separately, which will be discussed in more detail later on.

10
This arrangement allows a factory, which operates multiple overhead cranes to issue a single
token for each crane. As such, the physical insertion of a key in the slot of a first master
controller unit of a first operator will preclude a second operator having a second master
controller unit to take control of the crane being used by the first operator. In other words,

15  only the operator in physical possession of the key will be able to control the crane that
matches that key and a different operator with g different master controller cannot accidently

take control of the ¢rane.

Referring back to Figure 2, the master controller unit 200 also includes a user mterface 201 for
20 controlling the plurality of cranes. Figure 3 shows a detailed example of implementation of the
user interface 201. The user interface includes different input controls, displays, and/or
indicators such as: one or more programmable buttons 310; a series of crane selection buttons
311: LED or other indicators 312; one or more joysticks 313; an emergency stop bution 314;
and/or a display 315 (e.g., LCD display). The one or more programmabie buttons 31U may be
25  programmed o control the functions of a plurality of cranes 101 or components of the cranes
101 {e.g., bridge, trolley, and/or hoist). The joysticks are used to conirol the movement of one
or more cranes 101 or components of cranes 101, The series of crane selection butions 311

may be used to select one or more cranes 101 that are to be maneuvered.
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The display 315 may display information relating to the desired movements, the active crane
selected from the plurality of cranes 101 (during a single crane mode of operation), the desired
mode of operation (single crane versus multiple cranes), and/or any other suitable information,
The display may be designed to be touch-sensitive and to respond to finger pressure on the
5 display surface. In this embodiment, the display is likely to be larger than the one shown in
the drawings to provide more display area on which the various icons or condrols can be

arranged for comfortable viewing and interaction by the operator,

Another possible option is to provide haptic control, which uses tactile feedback fo
10 communicate information to the operator. The haptic control can be used o convey
information such as possible failures of cranes {the joystick vibrates when a malfunction is
detected), when the hoist has reached a predetermined position indicating to the operator to

stop the movement, elc.

15  Continuing with the specific and non-limiting example discussed above, when the key 301 is
encoded with a token for the control of crane 101, and the key 301; is encoded with a token
for the control of crane 101,, the operator may push button A on the master controller umt
200° to select crane 101 and/or may push buiton B to select crane 101, In this example, the
LED indicators 311 Heght-up to indicate to the operator 102 which crane or cranes are selected.

20 In some embodiments, the user interface 201 also indicates {e.g., on the display 313) to the
user which of the kevs are inserted and the identity of the cranes corresponding fo the Keys,
such that the operator can confirm that these are indeed the cranes to be controlled. The
confirmation of which keys are inserted may be done by software running on the master
controller unit 200 continuously scanning the keys inserted into the slots 301y, 381, 3015,

25 3014 It will also be appreciated (o the person skilled in the art that such a configuration will
sllow an operator to select only one crane or multiple cranes depending on the type of
movement or operation the operator 102 desires to do.

As illustrated in Figure 2, the master controller unit 200 includes a processing umt 203, The

30 processing unit 203 is responsive to commands input by the operator 102, such that ihe
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commands are then sent to individual cranes from the phurality of cranes. The operator 102 of
the master controller unit 200 enters commands via the user interface 201. The data
processing unit 203 associates the commands with respective tokens to control the cranes
associated with those tokens. The conunands may be directed fo a specific crane or may be
5  directed to multiple cranes, depending on the mode of operation of the master controlier wnit
200. For instance, the operator 102 may have selected a single crane based on the key inserted
in o the controller 2007 and the processing unit will generate commands to the single crane. in
other cases, the operator 102 may have selected multiple cranes based on the Keys mnserted mto
the controller 200" and the processing unit 203 will gencrate muliiple commands o the

10 muitiple cranes.

The functionality of the processing unit 203 is software based. Specifically, the processing
unit has a CPU that executes software residing on a machine-readable storage mediuﬁl. The
machine-readable storage medium may be part of the processing unit 203 and dedicated to the
15 processing unit 203 or be a segment of a machine-readable storage device that provides data

storage functions for the entire master controller unit 200,

The software controlling the operation of the processing unit 203 continuously scans the user
interface 202 to detect user inputs. On the basis of the user inputs, the processing unit 203 will
20  build a command data block that is sent {0 a single crane or replicated and sent {o multiple
cranes, depending on the mode of operation. In a specific example, when the operator
depresses a joystick to direct the hoist of a crane to move down, the processing wait 203 wall
sense the joystick operation and determine that a hoist down move 1s being commanded. The
processing unit 203 will then build a command data block to be sent to the crane such that the

25  crane can execuie the command. The command data block includes several components

namely a command segment, which is a string of bits encoding the desired command. It will
be understood that the siring of bits will change depending on the actual movement being
requested. The command data block also includes an address segment, which umiquely

identifies the crane to which the command data block is being directed. The command data
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block may alse include other segments to ensure a reliable commumication, such as codes for

error detection and/or error correcfion.

Optionally, the command data block includes a sender address segment to identify the address
5 of the master controller unit 200 sending the command. The address distinguishes the master
controller 200 from other master controllers that are active in the factory. In this fashion, if
the crane or set of cranes being operated need to report something back to the master
controller unit 200, the report will be sent to the correct address. An example of information
that can be reported is cranc alerts or malfunctions.
10
When the operator 102 selects crane 101, (as the key 301, for crane 101, 13 inserted mto the
controller 200°) and input commands via the user interface 201, the data processing unit 203
then processes the inpuited command to generate a comumand data block. The processing umit
203 places the token derived from the key 301, into the address segment of the command data
15  block such that only the crane 101, , among the other cranes in the factory will accept the
comnmand. In other cases, where the operator 102 wants to conirol muliiple cranes in
synchronism, say crane 101 and crane 101, {as key 301; for erane 101, and key 301, for crane
101, is inserted into the controller 200°) and inpui commands via the user interface 201, the
data processing unit 203 will create two command data blocks, having identical command
20 segments but different address segments, one address identifying crane 101y and the other

identitying the crane 101,

Slave erane control unt

25  Figure 4 illustrates an example of a slave crane control upit 400; from a plurality of slave crane

conirol units 400. The slave crane control unit 400; includes conirol cireuitry 401 for
controiling the movement of the crane {¢.g., movement of the bridge, trolley, and/or hoist); a
communication interface 402 for receiving the communications directly or indivectly from the

master controller unit 200; a processing unit 403 for processing the received conynands from

i
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the master controller unit 200, among other things; and an identifier module 404, for which a

token, that has been obtained by the master controller umit 200, corresponds {o.

The control circuitry inchudes the drives that operate the different motion axes to implement

3

the commands sent by the master controller unit 200. The control circuifry can be based on
servo drives to allow precise and repeatable positioning of the independently moveable crane
components, such as the bridge, trolley and hoist, The servo drives operate on the basis of
real-time position feedback information oulput by encoders that respond {o actual component
motion. Alternatively, the drives can be based on stepper motors, which may or may not use

10 real-tune posifion feedback miormation.

The identifier module 404 may be implemented in bardware or software {e.g., stored in
computer readable memory). The identifier module 404 may be a simple dipswiich that can be
set to a specific identifier code, In other examples, the dentifier module 404 may be computer
15 readable memory for storing an address, such as a network address {e.g., internet protocol (IF)
addresses or media access control address (MAC) address} of the slave crane control unit 404;,
The processing unit 403 manages the operation of the slave crane control unit 400, As o the
case of the processing unit 203, the processing unit 403 is soflware based and it provides 3
certain number of lower level functions to manage the crane movements, Examples of those

20 functions are provided below:

«  Generation of motion instructions to the control circwtry 401, The processing unit 403
receives the command data block from the master controller unit 200 and assuming
that authentication has been successful {more on that later), it will convert the

25 command segment into motion instruchions directed {o the specific motion axes. Ihe

processing unit 403 can also process higher level commands, such as constant speed
commands. A constant speed command sumply conveys a directive {o the crane to
move at a constant speed, instead of a simople forward or a backward movement in &
certain direction. In the latter case, g significant degree of operator mvoelvement and

30 monitoring is required to ensure that the crane moves as desired since the operaior

i



CA 02948778 2016-11-10

WO 2015/173773 PCT/IB2015/053572

needs to constantly operate the controls back and forth to achieve the desired rate of

2

displacement. In contrast, a constant speed conunand is an easier and saifer mode of
operation because the operator specifies a speed to be enforced and the crane moves at
that speed, until another command is received, such as a stop comunand or a command
5 to change the set speed, either to accelerate or to slow down. In the case of a constant
speed commmand, the processing unit 403 will operate the motion axis{es) as required in

order to maintain the speed of motion as close as possible to the conunanded speed.

< Fault detection — monitors operational parameters of the crane to determine if a fault 1s

10 QCCUITINgG.

«  Status reporting to the master controller wnit 200, The processing umit 403 coliects
operational information from the crane and structures it such that ¥ can be sent {0 the
master controller unit 200, For example, the processing unit 403 can collect

15 information on the speed at which the crane travels and build a reporting data block
which this information is inserted and sent, via the communication inderface 402 1o the
master controller unit 200, Also, if malfunctions are detected, the processing unit 403

builds g reporting data block and sends it to the master controlier umt 200,

20 Communication between the master contfrolier unit & cranes

Tn general, the type of slave crane control units 400 and/or the type of tokens used may dictate
how the master controller untt 200 commumicates with the plurality of slave crane control
units 400, Figure 5 illustrates an example of how the master controller umit 200 communicates
25 with the plurality of slave crane control units 400 by sending a command directly to the one or
more of the plurality of slave crane control units 400, The configuration tiiustrated 1n Figure 5
may be suitable where dipswitches are used in the slave crane control units 400 or where the
token corresponds to an address, which is a non-networked address. In other embodiments, a8
iHustrated in Figure 6, the master controller unit 200° communicates with the plurality of slave

30 crane control units 4007 indirectly by sending a command that is routed through a router 60U,

13
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The configuration of Figure 6 may be suitable where the token corresponds to a network
address {e.g., the crane control system 100’ is network based). In general, techniques tor
sending wireless signals {e.g., RF, IR {infrared), etc.} are within the knowledge of the person

skilled, and the communication of the master controller wnit 200 with the plurality of slave

i

crane conirol units 400 should not be limited to embodiments Hlustrated in Figures 5 and .

Regardless of how a conunand is communicated (e.g. directly or indirectly} from the
communication interface 202 of the master controller unit 200 to the comymunication interfaces
402 of the plurality of slave crane control units 400, the command is sent to the plurahty of
10 cranes 101 for movement of the cranes 101 {e.g., movement of the bridge, trolley, and/or
hoist). As indicated previously, when a command is sent from the master controller umt 200,
the command includes an identifier {e.g., address, network address, or any other suitable
identifier) of the master controller unit 200 sending the comumand and the token corresponding
to the crane that the master controller unit 200 wishes fo conirol or move, along with the
15  command that indicates the movement of the crane. In some embodiments, the
communication interface 202 of the controller 200 acts as {ransmiiter and the communication
interfaces 402 of the slave crane control units 400 act as a recetver, In other embodiments, the
communication interface 202 of the master controller unit 200 and the communication
interfaces 402 of the slave crane control units 400 both bhave transmission and reception
20 capabilities (e.g., they are both transceivers (i.c., receivers and transmitters)). In certain
ernbodiments, the slave crane control units 400 can send communications back {o the master
controller unit 200. For example, acknowledgements of commands may be sent from the slave
crane control units 400 to the master controller unit 200, The acknowledgement signal may
include the identifier of the master controller unit 200 and the identifier or token of the slave
28  crane control unit 400. Furthermore, in some embodiments, the feedback of mformation from
the siave crane control units 400 to the master controller unit 200 can mncludes mformation
relating to the movement of the cranes (e.g., movement of the bridge, hoist, and/or trolley),
information regarding the synchronization of the movement of mulliple cranes, loss of
synchronization and/or any other suitable mformation,

34
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Orther emsbodiments of the mastey controller unit

Referring back to Figure 2, and as previously discuss, the master controller unit 200 mcludes
at least one computer readable memory 204 which may take various forms. In alternative

embodiments, the at least one computer readable memory is non-removable memory 2047

s

(i.e., it is not an easily removable memory card or key). Figure 7 illustrates an example of a
master controller unit 2007 where non-removable memory 2047 is used. In this example, the
memory 204° stores the token afer it has been procured. The token for a specific crane may be
obtained by the operator 102 by walking within a proximity o a speecific crane that the
10 operator wants to control and bv pushing a button indicating the operator wishes to take
control of this crane with the master controller unit 2007, For example, IR sensors may be
provided on hoists 106; 106,, such that when the master controller unit 20077 i placed within
a certain proximity of a hoist, the master controller unit 2007 is able to {ake control of the
crane that drives that hoist. In a specific and non-limiting example, if the operator 102 wants
15 to obtain the token for crane 101, the operator 102 may walk up to the hoist 186, of the crane
101 and pushes a button on user interface 201 of the waster controlier unit 2007 to obtain the
token for crane 101, In this example, the master controlier 200" has an IR transceiver which
can communicate with the IR transceiver on the hoist. When both are within communication
range, they perform an address exchange operation. The address exchange operation 18 a two
20 way data exchange., During a first step, the crane sends its unigue address to the master
controller 2007 and during the second step the master controller 2007 sends s own unique
address to the crane, Lach entity, the c¢rane and the master controller 200”7 will assemble a
compound address which is a combination of its own address and the address of the other
entity. Assuming each crane in the factory and each master controller are assigned umigue
25  addresses, the compound address will uniquely designate the pair of entities. The compound
address is used to tag all communications between the crane and the master controller unit
such that only the crane that has been “married” via the IR link with the master controlier unit
2007 will accept the cormnmands with that tag. Similarly, only the master controller wmt 2007
“married” to the crane will accept data communications from that crane.

U
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By using an IR communication between the crane and the master controller umt 2007 to
perform the address exchange, the operator must physically walk to the crane that he or she
wants to control, reducing the possibility of selecting and remotely operating the wrong crane.

Near field communication mechanisins other than IR can be used, such as RFID intervogation.

In other embodiments, the operator may take control of a specific crane by sending a
command from the master controller unit 2007 to a specific slave crane control unit from the
plurality of slave crane control unit 400" to obtain the token, and the slave crane control umt
sends the token back if it is not in use by a different master controller unit. In a specific and
10 non-limiting example, if the operator 102 wants {0 obtain the token for crane 101; the operator
102 may push a button on user interface 201 of the master controller unit 2007 {o indicale the
desire to obtain the token for crane 101;. For example, the operator 102 may view through the
display 315 of the user interface 201 of master controller unit 200 all cranes i1n the piant and
then select crane 101;. Continuing with this specific example, if the token for crane 101, s
18  available (i.e., not in use by a different master controller unit) the token is then communicated
from the slave crane control unit 400" to the master controller unit 200°°. On the other hand,
if the ioken for crane 101, is not available (i.e., in use by a different master controller unit) the
token is not communicated from the slave crane control unit 400, {o the master controller
unit 2007 and a message may be communicated from the slave crane control umt 400, to
20 master controller unit 2007 that the token is not available and specify which master controller

unit 18 currently using the token.

To obtain a token, a token exchange protocol is performed. Assuming the token 1s free to be
taken, the protocol starts with an ingquiry as to availability and if available, the token is sent to

25  the master controller 2007, When the token is sent the crane changes its status from
“gvailable” to “non-available” to prevent any other master controller unit 2007 to take control
of that crane. Similar to the address exchange process described earlier, the crane may store
the address of the master controller unit 2007 to build a compound address that uniquely
identifics the crane/master controller unit 2007 pair.

30
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When the crane is no longer required, the master coniroller unit 2007 releases the ioken.
Without such explicit ioken release operation, the crane will remain linked to the master
controller 200”. The token release occurs when the operator sends an explicit “release’
command to the crane. When the crane receives the “release” command, i sends an
5 acknowledgement to the master controller unit 200 to confirm reception of the “release”
command such as to notify the operator that 3 “release” operation is occurring. The crane then
initializes the address/token buffers 1o purge the address of the master controlier unit 2007 and
acquires an “available” state. lun the “available” state another master conireller 2007 can take
control of the crane.
134
Figure 8§ illusirates an embodiment in which a centralized coniroller 800 is used to perform the
wireless linkage erane/master controller unit 200”. The centralized controller 800 stores all of
the tokens for the cranes 101, Furthermore, in embodiments where a ceniralized controlier 800
is used, commands may be sent to the centralized controller 800 from the master controller
15 unit 200°° which then relays the commands to the plurality of slave crane conirel uniis 4007
that are controlled simultaneously or to the single slave crane control unit 4007, depending on
the mode of operation of the master controller unit 2007, The centralized controller 800 only
relavs the commands to the plurality of slave crane control units 40077 if the command comes
from a master controller unit that has the authority for the plurality of slave crane control units
20  403{"° that the master coniroller unit 200> is sending comunands to. The functions and

structure of the centralized coniroller 800 are discussed in more detail below,

The ceniralized coniroller 800 includes at least one computer readable storage device ior
storing the plurality of tokens, each token being associated with a respective crane from the
25  plurality of crames 100. The centralized controlier 800 may also manage which master
controller units 200 are able to operate which cranes 101 in a factory, such that no crane is

operable by more than one control unit at any given {ime.

The centralized controller 800 links cranes with master controller units 2007 by performing a

30 linkape function with uses steps similar (o the linkage procedures described earBier. The
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linkage function is managed fully by the centralized controller 800 and no direct

communication between cranes and master controller umits 2007 takes place,

In this arrangement, cach master controller unit 2007 has a unigue address and as mentioned

4

carlier each crane has a unigque token. When a master controller unit 2007 wants to take
control of certain crane, it sends a control capture request to the centralized coniroller 8GO,
The control capture request identifies the desired crane; if that crane is available for control
the linkage procedure is initiated. Otherwise the linkage procedure 1s rejected. The master
controller unit 2007 is provided on its user interface with a selection mechanism that allows
10 the operator to designate the crane that he/she wants (o control. One option for the centralized
controller 800 is to constantly broadeast the list of cranes that are available, such that only
those that the master controller unit 800 can actually acquure are listed. That list is dynamically
updated as cranes are linked to master controller units 2007 and released such that at any
moment the operator of a master controller 2007 will see only the cranes that are available.
15
Once a control capture request is received by the centralized controller 800 the latter will store
the address of the master controller unit 2007 that i3 embedded in the request and will
associate that address with the token of the crane to be controlled. The status of the crane 18
then changed from “available” to “not-availeble” and when the broadcasted list of available

20 cranes is refreshed, the just acquired crane will no longer be on the list.

Commands issued to maneuver the crane from the master controller unit 2007 are received by
the ceniralized controller €00 which, on the basis of the associagtion between the master
controller unit 200" address {(which is embedded in the command) and the token of the crane
25  stored in the centralized controller 800, determines the identity of the crane to which the
command is to be relayed. The centralized controller 800 then assembles a command data
biock by appending the command segment identifying the particular command the operalor
has input via the user interface of the master controller unit 2007 to the address of the crane,
The command data block is then sent out to the crane for implementation. Since the

30 centralized controiler 8030 manapes the association between the addresses of the masier

ig
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controller units 200”7 and the crane tokens, the possibility of misiakenly operating a crane

other than the one mtended to, is reduced sigmficantly.

Whether the master coniroller 2007 is sct to conirol a single crane or a set of cranes, the
5  linkage procedure and the command dispatch is the same. When multiple cranes are operated,
the address of the master coniroller 2007 1s associated with the tokens of the respective cranes.
When a command is issued by the master controller 2007, that comumand 1s relayed to all the

cranes associated with the master controlier 2007 address embedded in the recerved command.

13 Based on the discussion above, it will be appreciated that the centralized controlier 800
performs two different functions., The first function is a token reposiiory that manages the
tokens and releases available tokens for linkage with master controlier units. 'The second
function is to act as a command relay to the cranes 101. That is, in the second mode of
operation all commands from the master controller units 200°° are communicated to the

15  cenfralized controller 800 which then forwards the conunands to one or more of the slave
crane conirol units 40077 of the cranes 101, if the master controller unit 15 authorized {o control

the one or more specified crancs.

The centralized controller 800 may include a processing unit {(not 1Hustrated), which execules

20 software that enables the functionality of the centralized controller 800,

Figures 9 - 12 illustrate specific examples of the process for assigning tokens performed by the
centralized controller 800. The embodiment shown in Figure 9 llustrates a control option that
makes it possible for two operators 102; 102, to control, in sequence a single crane or multiple
25  cranes 101 for moving an object 918, When heavy and large objects are being lified, a single
aperator may not be able to have a complete view of the object that 1s being hifted and moved.

This may creaie a safety hazard as the operator i3 maneuvering an object without having a

visual contact with all the furthest points of the object. To alleviate this drawback, the system

15 designed to allow two or more operators to alternatively iake control the cranes, In this

30  situation, the operators would likely be located at a distance from each other, close {o different
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ends of the object such as 10 be able to observe the motion of the object. At any given
moment, only one of the operators has conirol, with the exception of a limited sel of
commands that are always available to both {or more) operators. When an operator wants to
actively control the set of cranes, the control authority is transferred to that operator. When
5  another operator needs to take conirol, the control authority 18 passed 1o that operator and i is
taken away from the previous operator, however all the operators can send conmumands relating

to emergency situations, such as an emergency stop.

More specifically, in this cxample, the crane control system 100”7 153 opersted by a first
10 operator 102 having a master controller unit 200477 and a second operator 102; having a
master controller unit 200" where a centralized controllier 800 13 used as a token repository
and as a command relay {o the cranes 101, With reference to Figure 10A, none ot the master
controlier units 20077 200,77 13 associated with any of the cranes, at time =0, As illusirated,
the memory 804 of the centralized controller 803{ stores the token for crane #1 {crane 101;) as
15 the IP address 192.168.0.101 and indicates that the status of crane #1 1s that it 18 available,
Nimtlarly, the memory 804 of the centralized controller 800 also stores the token for crane #2
(crane 1G]} as the IP address 192.168.0.102 and mdicates that that this crane’s status is also
available. The centralized controller 800 also broadcasts to both of the master controller units

20077 200,77 that crane #1 and crane #2 are available, which, in this example, the avatiable

o
o,

cranes are stored i the memory 20477 204,77,

Now with reference to Figure 11, at step 1101, the first operator 102 enters in commands {o
link his masier controller unit 20077 with tokens for cranes 101, and 101; vig the user
interface 201, by selecting the cranes that the operator desired {o control from the list of
25  available cranes. In this example, as both cranes 101; and 101, are available the master
confrolier unmit 200, selects both cranes 101, and 101, and sends a request for these cranes to
the centralized controlier 800, More specifically, Figure 12 shows the method 1200 that takes
place 1n the centralized controller 800 when a request {or a crane 1§ recerved. In thus example,
at step 1201, a reguest for a crane 18 recerved from the master controlier umit 200,77 tor both

30 cranes 101, and 101,. Then, at step 1202, it is determined that both of the cranes 101, and
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11, specified in the request are available, As such, the pext step s step 120 and
acknowledgement that both of the requested cranes 101 and 101; are now under control by

the master controller unit 2007 is transmitied to the master controller unit 200;”°.

5  Figure 10B illustrates the memory space of the centralized controlier 80U and the master
controller units 200> and 200, at time =1, where the centralized controlier 800 has linked
both cranes #1 and #2 (101; and 101,) with the master controller unit 20{0;”" and where the

master controler units 2007 has control of both cranes 101 and 181;. Asillustrated in Figure

108, the memory 804 indicates that the status of both of the cranes #1 and #2 (101, and 101y)
10 as “non-available”. Furthermore, the memory 804 also indicates that master controller unit
200, is in control of crane #1 and crane #2 as the identifier, in the form of the IP address
192.168.0.1, of the master controller untt 200,77 is stored in the memory space 804, Now
referring back to Figure 11, at step 1102, the master controller unit 200,"” may then control
both of the cranes 101 and 101, by communicating the commands in the form of command

15 data strings to the centralized controller 804,

Then at a later time, the second operator 102; having the master conlrolier unt 200;”" may
then want to obtain conirol of crane #2 {crane 101;). However, crane #2 is currently in control
by the master controller unit 200" and its availability is not shown in the list of available
20 cranes. As such, the master controller unit 2007 should not be able to request control of crane
#2. In the event that the master controller unit 200, does send a request for erane #2 to the

centralized controller 800, the master controller unit 200, will not be able to obtain control of

crane #2. According to the steps of the method 1200, at step 1201 the request is received for
crane 101, and then at step 1202 it is determined that crane 1013 s currently being used by the
25  master conirolier unit having the identifier 192.168.01 {(i.e., master controlier unit 2007 ). As

such, then at step 1204 the centralized controller 800 transmits to the master contfroller unit

20(,7" that crane #2 (crane 101;) is unavailable and in use by 192.168.01 (master controlier

unit 200,77},

21
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At this stage, the operator 102, with the master contreller unit 200, wants to obtain control

of crane #2 (crane 101,) and control of crane #2 can be done by two different ways. The {irst
way that this can be done is the operator 102, with the master controller unit 200,77 can wait
until the operator 102y with the master controller 200" sends a “release” command to the
5  gentralized controller 800 that the master controller 2007 no longer wanis conirol of crane
#2. At this stage, the centralized controller 800 removes the identifier (here the IP address
192.168.0.1) of the master controller 200,”°. For example Figure 10C illusirates the memory

space at time t=2a showing thai the master controller 2008, no longer has control of crane #2

and that crane #2 is available to be obtained by a different master controller, At this stage, the

10 operator 102> with the master controller unit 200, can then make a request {o obtain control

of crane #2,

The second way that the operator 132, with the master controlier unit 200, can oblamn control
of crane #2 {crane 101,), is by a mechamics of pitching the control authority. That is, the
18 operator 102; with the master comtroller unit 200" does not need to send a “release”
command for the release of crane #2, but can pitch controlling authority of crane §2 1o the
master controller unit 20027, As illustrated in Figure 10B, crane #2 13 associated with the
master controller unit 280,"" and an identifier (i.e., the IP address 192.168.01.1) 18 stored

association with the token for crane #2. This association identifies that master controller unit

20 20077 has control authority. This association can be fransferred from one master conirolier 1o
another by sending a “transfer” command from the master controlier that currently holds the
control authority to the centralized coniroller 800, For example, the operator 102; with the
master controlier urdt 200,77 can send a “transfer” command to the centralized controlier that i
wants the master controller 2005”7 to take conirol of crane #2. The effect of the “iransier”

28  commuand is that master controller 200, is relinguished the control authority. At this pomt the
master controlier unit 200”7 receives acknowledgement of control of crane #2 is available.
Then master controller umt 2005”7 can send to the centraiized controlicr SUU a control
authority “acceptance” command, and at this point the master controlier 200, would then be
associated with crane #2 and can control crane #2. Figure 10D illustrates the memory space of

30 the centralized controller 800 and the masier controller unuts 200477 and 203;7 at time =2b.
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As illustrated, the master controller unit 200" has conirol of crane #1 (crane 1014) as

controller identifier (192.168.0.1) of master controller unit 200" is stored i association with

crane #1 and the token (192.168.0.101) of crane #1. Similarly, as illusirated, the mastey

controller units 200,"" has control of crane # 2 {crane 101} as controller identifier

5 {192.168.0.2) of master controller unit 200, is stored in association with crane #2 and the
token (192.168.0.102) of crane #2. As such, at this point in time in this example, the first
operator 1023 having the master comiroller unit 200" can control crane #1 {(crane 101} and
the second operator 102, having the master controller unit 200;”° can control crane #2 {crane

131,). Although, the first operator 102, having the master controller unit 200, can control

10 crane #1 {(crane 101)) and the second operator 102; having the master controlier unit 200;™
can control crane #2 (crane 101,), control commands are sent to cranes only if twe conditions
are met (1) the command must be from a master controller linked to the tokens and (2) the
command must be from a master controller that holds command authority. There 15, however,
a subset of commands, such as an emergency stop command, which is implemented {rom any

18  master controller unit, irrespective of who holds the control authority, as long as the master

controlier unit has been associated with the tokens.

it will be appreciated thal although this example illustrates the tokens as IP addresses other
types of tokens, such as identifiers or numbers may be used {(e.g., 2 Boolean flag, a random

20 generated number, lc.),

Similarly, it will be appreciated that although this example indicates the identifies of the
master controllers stored in the memory of the centralized controller 800 as IP addresses, it
could be possible for the centralized condroller to have a list of all possible master controllers

25 and set a flag in association with each master coniroller when the master controller obtains
control. For example, the centralized coniroller 830 could store a table where ecach row
corresponds to a crane’s token and each column corresponds to each master controller’s
identifier or address and when a specific master controller take control of a specific crane the
intersecting column and row would be set with a flag {such as a Boolean tlag).

30
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A variant of the configuration discussed above includes the ceniralized controller 300
operating in the same manner as discussed above, but additional sending the lokens to master
controlier unit 200,77 or 200, where master controller unit 200,77 or 200, takes countrol of a

Craiig,

In other variants, the master controller units 200,77 200, could stored the IP addresses for all
of the cranes and the centralized controller 800 could send tokens in the {form of mdicators
such as Boolean flags or random generated numbers which are stored m the memory 204, or
2045 {of the master controller units 200,"" 200,77 ) m assapiati(m with the corresponding P
10 address. In the case where the token is a random generated number, the master controller unit
200" or 200:”° could then send the random generated number in communications inclnding

the control commands, as a form of authentication.

in other embodiments, it may be possible to use the centralized controller 800 with a plurality
15 of keys 301 at the master controller unit 200°. In these specific embodiments, the centralized
controller 800 act as an access point which authenticates the tokens stored on the keys 301

inserted into the slots 302 of the controller 20(° before sending commands to the cranes 101.
Furthermore, it will be appreciated by the person skilled in the art that the use of a centralized

20 controller 800 may be suitable it cases where it is desirable {or the recetver or slave crane

control unit of existing cranes to not be replaced.
Modes operation

25  Based on the embodiments discuss above, 1t will be appreciated by the person skilled in the art
that the crane control svstem 100 and its vananis may be operated wn different modes. The

following are examples of different modes of operation.

endent modes of operation

30
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Figure 13 illustrates an embodiment of a crane control system 10077, where the cranes 101 are
controlled in either a synchronous or independent operating mode. Figure 13 is similar o that
of Figure 1 with the addition of a plurality of sensors 13014, 1302, 1303y, 1301,, 1302;, and
1303,, which will be discussed in more detail later on. After the operator 102 has obtained at
5  the master controller unit 200 the tokens for the cranes 101 that the operator 102 wishes to
control (for this example, if is assumed that the operator 102 wishes to conirol both cranes
101, and 101,), the operator 102 can select between two modes of operation. The first mode of
operation is where multiple cranes 101; and 101, operate in a synchronous manner. lhe
second mode of operation 13 when the cranes 101 and 101; operate individually,
10
Figure 14 is a flow chart 1400 of the steps that take place depending on the mode of operation
that the operator 102 selects. At step 1401 the operator sets the mode of operation. For
example, the graphical user interface 201 of the master controller unit 200 may allow for the
aperator o togele between the two modes of operation. In some embodiments, the togghing
15  between the two modes of operation is a physical switch, while in other embodiments the

toggling is done by making a selection by use of the display 315 and input buttons 310 or 311,

In the case that the operator selects the synchronous mode or the first mode of operation (step
1402A), the cranes 101 operate in a synchronous manner, which means that the cranes 101
20 move together. However, it will be appreciated that all parts of the cranes 101 are not required
to move identically to each other. For example, the position of the trolleys 105; 105; and the
hoists 106y 106; may vary from crane to crane as the parts being moved by the multipie cranes
101 may be of varying sizes, Moreover, the bridges 103, 103,, trolleys 105, 105, and hoists
106; 106, of different cranes 101 may move differently from each other when a part 1s being
25  moved into a specific position. By way of an example, in the synchronous mode, the operator
may configure the bridges 103, 103; of the cranes to move in a specific direction at a specilic
speed, while allowing the trolleys 105; 105; and the hoists 106, 106; to be non-synchronous,

such that the operator can manually adjust the hoists 106; 136, and trolleys 1057 102,
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n the first mode of operation, the crane control system 100 inchudes logic {¢.g., processor and
program code stored in memory) for determining the commands for the cranes (step 1403A) or
rpore generally for the control of the cranes 101 in a synchronous manner. For instance, the
processor unit 203 of master controller unit 200 determines the movement of all cranes 101
5 and their corresponding parts {e.g., bridges, trolleys and/or hoists) based on the commands
inputted by the operator 102, such that when the communication interface 202 sends the
commands to slave crane control untis 400 of the cranes 101, all cranes move i &
synchronous manner {(step 1404A). The movement of the all cranes 11 and thew
corresponding parts {e.g., bridges, trolleys and/or hoists) may be proved by feedback to the
10 master controlier unit 200, such that masier controller unit 200 can monitor the movement of
the cranes 101 {and their paris) and make any adjustments to the movements {e.g., adjust
speed or position) based on the feedback. In other words, feedback may be provided so that if
required corrective steps may be taken to maintain synchronization. In the exampie ilustraled,
the cranes 101 have one or more postiion sensors 1301;, 1302, 1303, 1301, 1302,, and
15 1303, which can provide feedback information. More specifically, the bridge 103, has the
senisor 13014, the trolley 105 has the sensor 1302 and the hoist 136, has the sensor 1303,
Similarly, the bridge 103, has the sensor 13015, the trolley 103; has the sensor 1302; and the
hoist 106, has the sensor 1303,. The monitoring with the sensors 1301y, 1302, 1303, 1301,
1302, and 1383, will be discussed in more detail iater on.
2{
in other embodiments, the centralized controller 800 may send the commands to the slave
crane control units 400 of the cranes 101 {o control the cranes in a synchronogs manner based
on commands received by the master controller umit 200, In geveral, m these other
embodiments, the master controller unit 200 sends commands for synchronous operation to
2%  the centralized controller 800. Then, the centralized controller 830 processes the commands
and sends commands to the slave crane control units 400 of the cranes 101 to control the

cranes in a synchronous manner. More specifically, in these other embodiments, commands

are entered into the user interface 201 of the master controlier unit 2({ by the operator U2
then the commands are sent to ceniralized controller ROG, which then determines exactly

30 which commands to send to each of the cranes 101 and 181,. In other words, steps 1403 A and
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1403 A for the flowchart 1400 may take place at the ceniralized controller and are not limuted
to being done at the master comtroller unit 200, Furthermore, in these other embodiments, the
centralized coniroller 800 may then monitor the movement of the cranes 101 and their parts
and make any adjustiments to the movements {e.g., adjust speed or position) based on the

5  feedback information.

Now turning to the case where the operator 102 selects the independent mode or the second

mode of operation (step 1402R), the cranes 101; and 101; can then be operated ndividually

from each other. For example, the crane operator 102 can configure the input controls of the

10 user interface 201 to control only the movement of one crane. That is, there is a selector for
stermining which crane the operator 102 chooses to contrel. For example, with reference to
Figure 3, the operator 102 can push button A to select crane 101 and when the operator wanis

to switch to crane 101, the operator can push button B. However, in other cases, the operator

102 can configure the input controls of the user interface 201 fo have nmultiple cranes avatlable

15  on the input controls. For example, a first subset of the input controls may corresponds to a
first crane 101, while a second subset of input controls may correspond to a second crane 1015

and the operator 102 can choose between which of the cranes to operate based on the subsets

of input controls, Referring back to Figure 14, once the operator 102 has determined whieh
crane the operator 102 would like to control, the operator 102 can then enlering mn the

20 commands through the user interface 201 of the master controller unit 200 such that the
commands 1o send to the crane 1s determined (step 14038} and then sent {o the crane (siep

14048,

The second mode of operation may be preferred by the operator 102 over the first mode of
28  operation is some cases. For example, when multiple cranes 101 need to be brought together
in close proximity over the object to be lifted, the operator may chose 1o operate the Cranes
independently from each other. Then once the cranes 101 are brought inte posthion the

operator 102 then switches to the synchronous mode of operation.

27
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In either mode of operation various commands may be inpul info the master controller unit
200 for controlling the cranes 101. For instance, the commands entered in may be a manual
real~-time movement of one or more of the cranes 101, For example, the operator 102 may
move the one or more joysticks 313 to move the cranes in real-time. That 1s, as the operator
5 102 moves one of the jovsticks 313 in one directions, the one or more of the cranes 101 moves
in the direction of movement of the joystick 313, In the independent mode when the operator
102 moves one of the joysticks 313, the crane 101; moves in the direction of movement of the
soystick 313, By way of ancther example, in synchronous mode, when the operator 102 moves
one of the joysticks 313, both of the cranes 101 and 101, move in the direction of movement

10 of the joystick 313.

However, the movement or control of the cranes 101 is not limited to such a manual real-time
movement. For instance, the operator 102 may enter higher-level commands that result in the
cranes 101 maneuvering according to those conunands. For exarnple, the operator 102 may
1§  enter in the distance for the cranes 101 or parts of the cranes {e.g., bridge, irolley, and/or hoist)
to move, the speed at which the cranes 101 or parts of the cranes {e.g., bridge, troilley, and/or
hoist) are to move, and/or the location of which the cranes 101 or parts of the cranes {e.g,,
bridge, trolley, and/or hoist) are to move to. Furthermore, the commands entered need not be
limited to fixed comumand, but may include commands that change with time, position or
20 location. For example, the cranes 101 may move at a specific speed until they reach a certamn

position and then the cranes 101 may reduce speed and continue moving.

25 In some embodiments, another mode of operation may include automatic positioming. In these
embadiments, logic {e.g., processor and program code stored i memory ) may be provided in
the master controller unit 200, the plurality of slave crane control units 400 and/or the
centralized controller 800 that would allow the plurality of cranes 101 to avtomatically

a  * _.1 - h * . o . o
position themselves at a certain predetermined location. For example, the operator 102 may

3¢ identify a certain location in the plant where the operator 102 would like the plurality of cranes
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101 to be located (for example, where an object to be lified is located), and the plurality of
cranes 101 would then move automatically to that specific location. For example, the operator
102 may specify the X, Y and 7. coordinates for each hoist 106; 106, and then the cranes 1{1
woudd move the hoists 106, 106; to the specified position. The movement of the cranes 101
5  may be made in sequence, such that one crane moves and locates itself properly, followed by a
second crane and so forth. Alternatively, the plurality of cranes 101 may move nto position all

at the same {ime, instead of in seguence.

With reference to method 1500 of Figure 15, the logic provided in the master controller umit
10 200, the plurality of slave crane control units 400 and/or the centralized controiier 800 may
first obtain the current positions of the cranes 181 (step 1501). The postiions could be the X,
Y, and Z coordinates of cranes 101 in the factory. For example, the positions of the cranes 1{1
could be the X and Y positions of the bridges 103; 103; and the trolleys 105; 105; and the Z
position of the hoists 106; 106;. Alternatively, the positions of the cranes could be the X, Y
15  and 7 plane positions of the hoists 106; 106,. The X, Y and £ plane positions may be obtained
by sensors located on the cranes or any other suitable means. Then, the desired posttions of the
cranes 1s entered at the master controller unit 200 (step 1502}, The entering in of the desired
positions may be the desivred X, Y and 7 coordinates of the cranes 181. For example, the
desired positions of the cranes 101 could be the X and Y positions of the bridges 103, 103,
20 and the trollevs 105, 105, and the Z positions of the hoists 106, 106;. Then at step 1303, the
commands are sent to the cranes 101, such that the cranes 101 move automatically to the

desired positions.

Alternatively, in some embodiments of the invention, the operator 102 may select a profile on
25  the user interface 201 of the master conivoller unit 200 that corresponds {0 an object that the
operator 102 wants to move. The profile may include information such as the current position
or location of the object m the plant and also the elevation of the hifting pomnts to which the
hoists of the cranes connect. In this mode of operation and on the basis of the setiings i the
profile, the operator 102 selects a profile and the pluralily of cranes automatically adjust the

30 heights of the hoists 106, 106,, the position of the trolleys 105; 105, on the bridges 103, 103,

2%
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and/or move in a synchronous manner such that the cranes 101 are brought into the proper

locations for lifting the object,

In automatic position mode, a plurality of collision detection sensors (not ilustrated) may also

5  be positioned along the direction of the parallel runways 104 and between the runways and the
floor to sense if any objects are currently located in the plant where the cranes operate and that
would be within the path of travel of the crane. These collision detection sensors may be used

by the logic that controls the movement of the cranes 101, such that the cranes 101 and thenr
corresponding parts {e.g., bridge, trolley and/or hoist) move in manner that avoid the hoists

10 106, 106, of the cranes 101 from sccidently hitting any objects currently positioned in the

plant underneath the range of movement of the cranes 101,

Monitoring of cranes

15  In some embodiments, a safety mechanism monitors the overhead cranes 101 while they are
moving to ensure that the cranes 101 are moving in synchronism. For example, a possible
problem that can arise is when multiple cranes move an ohject and one of the cranes either
stops working or cannot follow properly the other cranes, In these embodiments, a momtoring
system is provided, using software based logic in the crane control system 1007 that

20 continuously monitors the motion of each crane to determune if there is a loss of
synchronization. For instance, the monitoring function rveceives a signal indicative of a
synchronization loss and issues an emergency stop command to bring the plurality of cranes
into a safe condition. For example, the monitoring funclion may be implemented gt the
processing unit{s) 403 located at the slave crane control units 400. In other embodiments, the

25  monitoring function can be implemented at the processing unit located in the centralized
coniroller 800, In other examples, the monitoring function can be implemented at the

processing unit 203 located in the master controller unit 200,
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Ome way of implementing the monitoring system is to provide each crane of the plurality of
cranes 101 with suitable sensors such that the cranes report thewr movement to the slave crane

contro! units 400, master controller unit 200 and/or to the centralized controlier 804,

5 Figure 16 illustrates a flowchart 1600 for determining if there is a synchronization loss, where
the monitoring system uses is a plurality of sensors, such as motion encoders. At step 1601,
the readings from the sensors are first obtained. Then the readings are processed to determine
if there is a synchronization loss or not (step 1602). If there is no synchromizahion loss,
monitoring of the sensors continues and another reading from the sensors is obtained. On the

10 other hand, if there is a loss of synchronization, the cranes are then brought in to a sale
condition (step 1603), which may include bringing the cranes o an emergency stop, moving

the cranes into a safe position or taking another action.

Safe Condition
19
More specifically, a safe condition may include halting the movement of all parts of the cranes
101, A safe condition may also include moving the cranes 101 to a certain location or moving
specific parts of the cranes 101 (e.g., bridge, trolley and/or hoist) to a specific position or
focation. A safe condition could alse include continuing moving the cranes 101 but at a
20 reduced speed. Furthermore, a safe condition may include a comrective action, which may
include changing the speed, position of the specific parts of the cranes 101 (e.g., bridge, troliey
and/or hoist), so that the cranes 101 continue to operate in a synchronous manmner or to prevent
damage to the crane control system 10077, For example, to prevent damage, if one of the
cranes breaks down and the other cranes have moved a certain amount before the loss of
25  synchronization was detected, a corrective action can take place such thal the other

functioning cranes move back o a previous position.

30

31
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Loss of synchrovization

The determination of a loss of synchironization can take two forms. In the first form, there may
be an actual loss of synchronization. For example, when an actual loss of synchronization
occurs some of the cranes 101 or the components of the cranes {(e.g., bridge, trolley, and/or

hoist) are no longer moving synchronously with each other.

(N

In the second form of synchronization loss, there may be an impeding loss that will mateniatize
if a corrective action does not take place. For example, 3 synchronization loss has not cceurred
vet but it is predictable and will likely occur in the future. For instance, if one of the cranes
10 starts to move at a slightly slower speed that is currently not affecting the overall motion of the
obiect being lified by the multiple cranes, but the trailing crane will eventually fall back teo
much, a synchronization loss is declared. A corrective action that can be implemented 18 to

adiust the speed of the other cranes to bring all cranes af the same speed point.

15 Example of three sensors per a crang

In some embodiments, the monitoring system includes three sensors for each crane, such that
two of the sensors track translational movement of the bridge and/or trolley in the X-Y plane
and one for tracking translation movement of the hotst in the Z plane. It will be appreciated
20 that when an object is lifled and it is displaced horizontally by the multiple cranes, the
monitoring sysiem compares outputs of the various sensors to make sure that they all remam
in synchronism. In the case where there is a deviation in the outputs of the varnious sensors
while the cranes are moving, the system is brought into a safe condition, Similarly, 1t the case
where an object is being raised or lowered (i.e., movement in the Z plane) and there is a

25  deviation in the outputs of the various sensors the system is brought into a safe condition.

For instance, one way to implement the three sensors per crane safety mechanism s illustrated
inn Figure 13. The sensor 1301, is positioned on the bridge 103,, the sensor 1307, is positioned
on the trolley 103, and the sensor 1303, is positioned on the hoist 106;. Similarly, the sensor

30 1301, is positioned on the bridge 103;, the sensor 13{(2; is positioned on the trolley 185; and
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the sensor 1303; is positioned on the hoist 106;. In this example, the sensors 1301, 1304,
1303, 13015, 1302,, and 1303, provide the X, Y and Z positions for the hoists 106, 106, the
trolleys 103; 105; and the bridges 103; 103; which can then be used to determine if a

synchronization 1oss has occurred or not,

2
The sensors may be position encoders that oulpul posifion miformation. The sensors output
current position information, which is compared; if the synchronism is maintained between the
cranes the position information should be changing at the same rate, otherwise a loss of
synchronization has occurred.
10

- . 8 8§ L 8 8 8 8 8 8 8 o 8 ¢

Another way of implementing the montioring system to determine a loss of synchronization 1s
by assigning to one of the cranes the responsibility to monitor the distance with the other
15 cranes, For example, this may be done via a laser range-finding device {(not illustrated). As
long as the distance stays constant, the system is assumed to operate correctly. However, if the

distance changes, a fault is occurring and the system is brought {o a safe condiion.

Furthermore, any other suitable means for monitoring the locations or positions of the cranes
{01 may be used.
20
In one specific example of tmplementation, the monitoring function that determines for a
specific crane if that crane is losing synchronization is performed at the processing umt 403,
The processing unit 403 monitors the various crane components and motion to determune if
they all operate as intended. All the processing umits 403 commupucate wiih the masier
25  controiler unit 200. The processing units 403 send to the master controlier unit 200 messages

to indicate if the respective crane is operating properly or not. The processing unit 203 of the

master controller unit 200 receives those messages and performs different actions depending

on the messages’ content.

33
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Assuming all the messages indicate that the cranes are operating correctly, the processing unit
203 manages the cranes as per the operator commands, This means that signals are send to the
cranes to control their motion in unison. However, il anyone of the messages sent by the
processing unit 203 indicates a malfunction, the processing unit 203 recogmzes the
5  malfunction state after processing the message and will issue to all the cranes being controlled
a command to put the cranes in a safe condition. In a specific example, the safe condition 1s an

cmergency stop, so the command send to each crane s an emergency siop command.

Non~-Portable master controller unit
10

Although in the embodiments discussed above, the master controller unit 200 and its vartants
was a poriable master controller unit, that communicates wirelessly with the remaining
components of the crane control system, the invention is not limited to such configuration. For

299

example, Figure 17 illusirates the case where the master controller unit 20077 15 non portable,

1%  in the sense it remains in a fixed location and cannot be carried around. More specihically,

master controler unit 200°°° is a pendant that may be operated by the operator 102 and 15

connected either wired or wirelessly to the plurality of cranes 101,

Certain additional elements that may be needed for operation of some embodiments have not

20 been described or Hustrated as they are assumed to be within the purview of those of ordinary

skill in the art, Moreover, certain embodiments may be free of, may lack and/or may function

without any element that is not specifically disclosed heren,

Although various embodiments and examples have been presented, this was for the purpose of
25  describing, but not limiting, the invention. Various modifications and enhancements wili
become apparent to those of ordinary skill in the art and are within the scope of the mmvention,

which is defined by the appended claims.
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CLAIMS:
i. A crane control system for controlling a plurality of cranes, the crane control

system comprising:

3 - a master controller umit;

- & computer readable storage for storing a plurality of tokens, each token from
the plurality of tokens associated with a respective crane from the plurality of
cranes;

- g processing unit responsive to inputs by an operator of the master controller

10 unit to send commands to individual cranes from the plurality of cranes, the
processing unit being configured to associate the commands with respective

tokens to control the cranes associated with the tokens.

2. The crane control system of claim 1, wherein the compuier readable storage
15 includes a plurality of programmed keys, wherein each Key from the plurality of

kevs stores a token from the plurality of tokens.

3. The crane countrol system as defined in claim 2, wherein the master controller umt
includes a reader for removably engaging two or more of the programmed keys and

20 being configured 1o read the tokens stored in the two or more programmed keys.

4, The crane control system as defined m claim 3, wherein the reader includes g
pharality of ports, each port configured to receive a programmed key for reading

the token stored in the programmed key.

W

The crane conirol sysiem as defined in claim 4, wherein the poris include recesses

for insertion of the programmed keys.

Lad
f.r
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6. The crane control system as defined in claim 1, wherein the master controller unit
is contfigured to conumnunicate with a remote entity including the computer readable

storage, to acquire the tokens from the remote entity.

5 7. The crane control svstem as defined in claim 6, wherein the master controller unit

communicates wirelessly with the remote enfity.

K. The crane control system as defined in clgim 1, wherein the master controlier unit

includes the processing umt.

10
9. A crane control system for controlling a plurality of cranes in synchronism, the
crane control system comprising:
~ a2 masier controller umi;
- @ processing unit responsive to inputs by an operator of the master coniroller
15 unit 1o send commands to the plurality of cranes to operate the cranes in
synchronism, the processing unit being responsive to a signal indicative of a
toss of synchronization between the cranes to output a command {o bring one
or more of the plurality of ¢ranes 1 a safe condition.
20 14, A crane control system as defined in claim 9, wherein the safe condition mcludes
ai1 SIMCrEency siop,
1. A crane control system as defined n claim 9, wherein the master controller
includes the processing umt,
29

12, A crane control systermn as defined in claim 9, wherein the commands to the
plurality of cranes {o operate the cranes in synchronism convey an address

associated with the master contfrolier unit.
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13. A crane control system as defined in claim 9, wherein each crane of the plurality of
cranes has at least two independently movable motion axes, the commands o the
plurality of cranes to operate the cranes in synchromism directing at least one
motion axis of one crane o operate in unison with at least one motion axis of

5 another crane.

14. A crane control system for controlling cranes, the crane control system comprising:
- a master controller unit, including a user interface for receiving user commands
to control cranes, the user interface including a mode selector allowing the user
10 to select a mode of operation among a plurality of modes of operation, the
plurality of modes of operation including a first mode of operation and &
second mode of operation;
i. when the mode selector i1s in the first mode of operation the masier

controller unit bemng configured to respond {0 user commands input a

15 the user interface to output first command signals directed to a single
Crane;

ii. when the mode selector is in the second mode of operation the master
controlier unit being configured 1o respond to user commands input at
the user interface to output second command signals directed 1o two or

20 more cranes, each crane of the two or more cranes having at least two
motion axes, the second command signals directing at least one motion
axis of one crane {0 operaie in unison with at least one motion axis on

another crane,
25 15. A crane control system as defined in claim 14, wherein each crane has a bridge

motion axis for moving the crane along a bridge, a trolley motion axis to move a

trolley and a hoist motion axis o move a hoist,
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o

16. A crane control system as defined n clatm 15, wherein in the second mode of
operation, the second command signals being configured to move the bridge

motion axes of the two oFr More oranes I unison.

5 17, A c¢rane control svstem as defined in claym 16, wherein the second command
signals being configured o move the trolley motlion axes of the two Or MoOre cranes

in unison.

I8, A crane control sysiem as defined in claim 16, wherein the second command
10 signals being configured to move the hoist motion axes of the two Or more cranes

in unison.

i9. A crane conirol system as defined in claim 135, wherein i ihe second mode of
operation the master controlier unit 1s configured {o:
15 - operate a first motion axis of g first crane in unison with a first motion axis ot a
second crane;
- pperate a second motion axis of the first crane mdependently from a second

motion axis of the second crane,

20 20, A crane control system for controlling cranes, the crane control systemn comprising:

- a master controller unit, including a user inferface for receiving user commands

to control cranes, the master condrolier unit being configured o respond o user

conunands input at the user interface o ocutput command signals directed to

two or more cranes, each crane of the two or more cranes having at feast two

25 motion axes, the command signals divecting at least one motion axis of one
crane to operate in unison with at least one motion axis on another crang;

- the user inferface including a position selection mechanism configured o allow

the user {0 select a position among a plurality of positions;

38
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- 1 response io selection of a position among the plurality of positions the
master confrollier unit cutputting commang signals directed to the two or more

cranes to direct the cranes to move to the selected posilion.

5 21, A crane system, comprising:
- a first crane:
- @ second crane;
- ¢ontrol system for controliing the first and second cranes in synchronism;
- & monitoring systern for monitoring the first and second cranes for of a loss of

18 synchronyzation there between.

22. A crane system as defined i claim 21, wherein the monmtoring system includes
sensors mounted on the first ¢crane and on the second crane for scusing motion of
the first crane and motion of the second crane,

18

23, A crane system as defined in claim 22, wherein the monitoring sysiem includes a
processing umt {0 process signals oufput by the sensors to detect a loss of

synchronization.

20 24, A crane system as defined n claim 23, wherein the montoring system has an
ouiput to ouiput a control signal when the momtoring system detects a loss of

synchronization.

{3
7

A crane system as delined m claim 24, wherein the conirol signal conveys a

25 comarmand to bring the first crane and the second crane into a sate condition,

26. A crane system as defined m claim 25, wherein the safe condittion includes an

cmergency siop.

34
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