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(54) SCHEDULING MANAGEMENT SYSTEM FOR INTEGRATED STEEL PLANT

(57) The present disclosure relates to scheduling
management system (260) and method for a melt shop
(200) of an integrated steel plant comprising comprising
plurality of ladles (230a-230b), a plurality of metallurgical
facility stations (220a-220e) and a plurality of cranes
(240a-240e) for transporting at least one ladle
(230a-230b) between said plurality of metallurgical facil-
ity stations (220a-220e). The scheduling management
system (260) configured to detect, in real-time, an oper-
ational event associated with said meltshop (200), deter-
mine an availability of at least one metallurgical facility
station (220a-220e), said at least one crane (240a-240e)
and said at least one ladle (230a-230b), identify a plurality
of tasks, where each task comprises an estimated
pick-uptime of said at leastone ladle (230a-230b) from
said at leastone metallurgical facility station (220a-220e)
and an estimated drop-off time of said at least one la-
dle(230a-230b) to at least one another metallurgical fa-
cility station (220a-220e), generate a schedule compris-
ing identification of said at least one crane (240a-240e)
to perform said at least one task with an updated esti-
mated pick-uptime and drop-off time of said at least one
task and provide a notification indicating said schedule
to an electronic device (270).
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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to scheduling management system for an integrated steel plant. More
particularly to a system and a method for automatically scheduling operations in a melt shop of the integrated steel plant.

BACKGROUND

[0002] Integrated steel plants are large throughput industries producing liquid melt and solidified products thereof, in
order of million metrictonnes per annum (MMPTA). There are multiple production processes engaged by a production
facility of the integrated steel plants in order to produce the solidified products i.e., steel. Examples of such production
process may include a casting process that is serviced typically by a melt shop employing multiple operations such as,
for example, a basic oxygen furnaces (BOF) to make hot steel compositions for casting. For some casting process, the
liquid melt (or molten metal) can be directly transferred or involves a ladle metallurgy operation. Other operation of the
melt shop includesa process of degassing. Hence, the melt shop and operations associated with the melt shop forms
a heart of the integrated steel plant.
[0003] In order to perform the production process comprising aforementioned meltshop operations, the melt shop is
facilitated with multiple metallurgical facility station that are designed and configured to obtain the desired casting product.
Further, a vessel called "ladle" is used to assist in aforementioned melt shop operations i.e., it is the ladle that encompasses
the molten metal, weighing anywhere between approximately 100 to 250 tonnes, and iscarried between multiple met-
allurgical facility stations using a crane for performing the melt shop operations. Example of metallurgical facility station
can be a slag pot. Lancing stand, ladle furnace and a caster.
[0004] Currently, during the meltshop operation, when an idle metallurgical facility station is required to be furnished
with the ladle, there are multiple options of precursory metallurgical facility stations from where the ladle could be
procured. On other occasions, for the ladle that is finished with processing at an incumbent equipment, multiple options
of idle metallurgical facility station could be available for subsequent processing. In such situations, the information of
ladle-availability for pick-up, or the metallurgical facility station -preparedness for receipt of a new ladle is made available
to a central supervisor through a verbal communication (e.g., using walkie-talkies) by field operators or by site supervi-
sor(s), as shown in FIG.1 (in steps 1-7). Based, mostly, on such ’near-sighted’ information to satisfy the immediate
requirements, the site supervisor decides which metallurgical facility station the ladle must be procured from, and where
it should be moved to for subsequent processing. Along similar lines is the decision taken by the site supervisor to assign
a particular crane among available cranes, to achieve a ladle-transfer. Near-sighted choices of metallurgical facility
station for ladle pick-up/drop-off, and of the cranes (which cannot cross over each other) for ladle-transport often lead
to longer idle times of the metallurgical facility station/cranes. Such continual decisions over a day not only have a critical
bearing on the daily operational productivity of the melt shop, but also on the utility/usage-efficiency of metallurgical
facility station and vessels over their lifespan. Further, reducing the meltshop’senergy efficiency, as, a ladle takinga
longer time-duration to complete a cycle requires more energy to maintain its molten contents at requisite temperatures,
than the one that takes lesser time. These efficiencies significantly impact profits incurred.
[0005] Hence, such manual solution for ladle transfer or crane selection for ladle transfer (i.e., ladle transfer manage-
ment) significantly reduces the productivity and capital cost of the integrated steel plants.

SUMMARY

[0006] The inventors of the present invention have realized, after inventive and insightful reasoning that there are
envisioned problemsas more and more ladle transfer optimization needs to be realized in the future market as discussed
above and below.
[0007] A first aspect is a computer-implemented method for scheduling melt shop operations in an integrated steel
plant. The method comprising detecting an operational event associated with said melt shop, where said operational
event is detected in real-time. Once, the operational event is detected, the method comprises determining an availability
of at least one metallurgical facility station from plurality of metallurgical facility stations, at least one crane and said at
least one ladle. The method further comprises identifying a plurality of tasks, where each task comprises an estimated
pick-up time of said at least one ladle from said at least one metallurgical facility station and an estimated drop-off time
of said at least one ladle to at least one another metallurgical facility station from said plurality of metallurgical facility
stations. The method further comprises gene rating a schedule comprising identification of a crane to perform said at
least one task with an updated estimated pick-uptime and drop-off time of said at least one task. The method further
comprises providing a notification indicatingsaid schedule to an electronic device.
[0008] The present disclosure aims to reduce a manual decision-making during melt shop operation. Instead of the
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manual decision-making, the present disclosure provides the method that relies on a systematic approach that forecasts
ladle-availabilities/requirements and generates an optimal/near-optimal plan for ladle movements and crane trajectories
along a bay of the melt shop. In addition to reducing the manual decision-making, the present disclosure also seeks to
eliminate the communication (and the associated pitfalls) otherwise necessary between the metallurgical facility stations-
operators, the supervisor, on-ground personnel and crane-operators, and providesan automated optimal/near-optimal
operationof cranes. Further, the proposed method/system significantly reduces on-ground personnel-presence-and-
movement along the melt shop to monitor metallurgical facility stations/ladles/cranes otherwise required for manual
scheduling, and therefore, enhances the safety of operators/supervisors in the melt shop.
[0009] Further, the present disclosure provides a solution which seeks to mitigate, alleviate, or eliminate one or more
of the above-identified deficiencies in the art and disadvantages singly or in any combination and to provide solutions
comprising a system for scheduling operations in the melt shop. The operations such as, for example, ladle transfers in
the melt shop on available cranes in order to improve the melt shop productivity and energy efficiency by an organized
utilization of cranes and processing metallurgical facility stations.
[0010] In some embodiments, the operational event comprises at least one of a) time indication that an operation of
said at least one ladle at any of said metallurgical facility station is about to complete b) detection of at least one signal
indicating operational status of said at least one metallurgical facility station, wherein said operational status comprising
at least one of: Ladle Furnace start time and end time, Electric Arc Furnace start time and end time, Basic Oxygen
Furnace start time and end time, Ladle Furnace arcing start time and end time, Electric Arc Furnace arcing start time
and endtime,Turret rotation, Teeming start time, Teeming endtime, pick-up time and drop time of said at least one ladle,
and an availability of said at least one ladle, c) deviation in real-time operationfrom priorschedule d) change in maintenance
status of said at least one available metallurgical facility station and said at least one crane e) emergence of unplanned
pick-up and drop-off operations by said at least one crane f)time indication that all activities according to prior schedule
are about to be completely realized in said melt shop g) time indication that all transfers of said at least one crane are
about to be completely realized in said melt shop according to said prior schedule h) change in regular operation of said
melt shop i) change in fixed parameters of said melt shop and j) lapse in a definite period of time since the last operational
event.
[0011] In some embodiments, said fixed parameters comprises at least one of crane specification information com-
prising total number of cranes, width of each crane and speed information of each crane, inter-crane separations,
metallurgical facility station specification information comprising at least one of location of said at least one metallurgical
facility station, maximum ladle-carrying capacity and grade-wise ladle-processing time of said at least one metallurgical
facility station, and bay information of said melt shop comprising at least one of a length, width and grade-dependent
sequence of operation of said at least one ladle.
[0012] In some embodiments, the method for determining the availability of said at least one crane comprises cate-
gorizing a plurality of cranes of said melt shop into at least one of in-operational cranes, in-operational cranes in scheduling
horizon, operational cranes, busy cranes and idle cranes, wherein said in-operational cranes are based on at least one
operational event and scheduling horizon of at least one crane and determining availability of said at leastone crane
from said categorized plurality of cranes.
[0013] In some embodiments, the method further comprises gene rating at least one criteria for at least one crane to
perform said tasks. The at least one criteria indicatesthat (a) each ladle to remain at said at least one metallurgical facility
station for a pre-defined duration prior to pick-up, (b) said at least one metallurgical facility station to accommodate said
at least one ladle based on operational characteristics comprising at least one of capacity, a grade of steel casting
process, cross-section of at least one of said metallurgical facility station, and (c) said each ladle to follow pre-defined
processing sequence.
[0014] In some embodiments, the method further comprises obtaining crane trajectories based on at least one crane-
trajectory criteria comprising (a) a pre-defined crane velocities in a pre-determined direction, (b) a pre-defined separation
between at least two adjacent cranes, and (c) a pre-defined period of ladle-handling by each said crane.
[0015] In some embodiments, the crane identification comprises performing a permutation of a sequence order in
which said plurality of tasks are assigned to each said crane.
[0016] In some embodiments, the at least one operational event is detected in real-time by using a tracking system
configured to monitor said operational event of said melt shop.
[0017] In some embodiments, the method comprises receiving a first request indicating one of a change in at least
one parameterfrom said at least one identified task and create at leastone new task. In response to said first request
modifying said at least one parameter from said identified task based on said request, where said at least one parameter
comprises said estimated pick-up time of said at least one ladle from said at least one metallurgical facility station and
said estimated drop-off time of said at least one ladle at said at least one another metallurgical facility station, or creating
said at least one new task based on said request, where said at least one new task comprises a new estimated pick-up
time of at least one ladle from said at least one metallurgical facility station and a new estimated drop-off time of said at
least one ladle to said at least one another metallurgical facility station.
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[0018] In some embodiments, the method further comprises receiving a second request indicating one of a change
in schedule comprising said at least one identification of at least one crane to perform said at least one task or create
a new schedule comprising at least one new identification of said at least one crane to perform said at least one task
and generate a new schedule or modify the schedule in response to said second request.
[0019] In some embodiments, the scheduler unit can be further configured to provide an estimate of a processing time
information to an external heat determination unit configured to determine heating requirement for said at least one
ladleat said at least one metallurgicalfacility station.
[0020] In some embodiments, said plurality of tasks and generated schedule is based on a moving horizon estimation.
[0021] A second aspect is a scheduling management system for meltshop operations in an integrated steel plant
comprising plurality of ladles, a plurality of metallurgical facility stations, and a plurality of cranes for transporting at least
one ladle between said pluralities of metallurgical facility stations. The scheduling management system comprises an
event detection unit configured to detect an operational event associated with said melt shop, where said operational
event is detected in real-time. Once, the operational event is detected, a status monitoring unit is triggered and is
configured to determine an availability of at least one metallurgical facility station, at least one crane and said at least
one ladle. The scheduling management system further comprises a task management unit configured to identify a
plurality of tasks, where each task comprises an estimated pick-uptime of said at leastone ladle from said at least one
metallurgical facility station and an estimated drop-off time of said at least one ladle to at least one another metallurgical
facility station from said plurality of metallurgical facility stations. The scheduling management system further comprises
a scheduler unit configured to generate a schedule comprising identification of a crane to perform said at least one task
with an updated estimated pick-uptime and drop-off time of said at least one task. The scheduling management system
further comprises a notification unit configured to provide a notification indicating said schedule to an electronic device.
[0022] Advantageously, some embodiments, improves the efficiency and productivity of the melt shop operations.
[0023] Advantageously, some embodiments, optimizes ladle movements to select their destination and then optimizes
crane movements to predict their trajectories in nearfuture.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The foregoing will be apparent from the following more particular description of the example embodiments, as
illustrated in the accompanying drawings in which like reference characters refer to the same parts throughout the
different views. The drawings are not necessarily to scale, emphasis instead being placed upon illustrating the example
embodiments.

FIG. 1 is an example scenario illustrating a process of scheduling of ladle and crane movements in an integrated
steel plant, according to prior art;
FIG. 2 is a schematic view of a melt shop layout, according to some of the example embodiments;
FIG. 3 is block diagram illustrating a network environment implementing a scheduling management system in the
melt shop layout of FIG. 2, according to some of the example embodiments;
FIG. 4 is a block diagram illustrating a computing environment implementing the scheduling management system
in the melt shop layout of FIG. 2, according to some of the example embodiments;
FIG. 5 is block diagram illustrating various components of the scheduling management system, according to some
of the example embodiments;
FIG. 6 is an example scenario illustrating scheduling of ladle and crane movements using the scheduling management
system, according to some of the example embodiments; and
FIG. 7 is a flow diagram schematically depicting a proposed method, according to some of the example embodiments.

DETAILED DESCRIPTION

[0025] Aspects of the present disclosure will be described more fully hereinafter with reference to the accompanying
drawings. The system and method disclosed herein can, however, be realized in many different forms and should not
be construed as being limited to the aspects set forth herein. Like numbers in the drawings refer to like elements
throughout.
[0026] The terminology used herein is for the purpose of describing particular aspects of the disclosure only and is
not intended to limit the invention. As used herein, the singular forms "a", "an" and "the" are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
[0027] Some of the example embodiments presented herein are directed towards system and method for automatically
scheduling ladle movements and crane movements between the pluralities of metallurgical facility stations. As part of
the development of the example embodiments presented herein, a problem will first be identified and discussed.
[0028] As detailed above, priorto procurement of a cast product, a liquid melt undergoes variety of operations (basic
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oxygen furnaces (BOF), desulphurization, ladle metallurgy, degassing, etc.). All these operations priorto production
process (such as casting) are batch processes carried out forthe ladle of typically 100-250 tonnes. Each batch process
requires the ladle accommodating a liquid meltweighingin range of hundredsof tonnesto be transported from one met-
allurgical facility station to another metallurgical facility station. With the liquid melt typically being more than 1000 degree
centigrade above surrounding, any ladle transport involves large heat losses. Thus, a time for ladle and crane movements
is very critical. That is, the ladle and crane movements within minimum time avoids (i) unnecessary heat loss, (ii)
unnecessary idle-time of downstream units and (iii) lowered quality of cast product.
[0029] Hence, manual scheduling of ladle transfer is not efficient, since the manual scheduling are prone for inaccurate
ladle and crane movements and/or involve time delay in ladle and crane movements, as shown in FIG .1.
[0030] Advantageously, some embodiments, of the present disclosure provides an automatic scheduling of the ladle
and crane movements that avoids (i) unnecessary heat loss, (ii) unnecessary idle-time of downstream units and (iii)
lowering quality of cast product.
[0031] As shown in FIG. 2, a melt/melting shop layout (hereinafter referred to as "melt shop") 200 generally comprises
a plurality of metallurgical facility stations 220a-220e (can be used interchangeably with the term metallurgical facility
station(s) 220), a plurality of ladles 230a-230b (can be used interchangeably with the term ladle(s) 230), and a plurality
of cranes 240a-240e (can be used interchangeably with the term crane(s) 240) for lifting and carrying at least one ladle
230. The term "metallurgical facility stations" herein refers to equipments arranged for processing liquid iron/melt or
molten metal for producing a solidified product, for example, steel. These equipments can be, for example, melting
furnace 220a, a lancing stand 220b, refining facility station 220c, a caster 220d and at least one slag pot 220e, or even
vehicles like transfer cars or stands that can act as placeholders for ladles.
[0032] In general, the melt shop 200 is governed by steel plant limitations, product requirements and several other
factors, the ladle 230 containing the liquid melt needs to be transferred between the pluralities of metallurgical facility
stations 220. The ladle 230 refers to a "vessel" containing molten metal obtained from the blast furnace and may weigh
anywhere between approximately 100 to 250 tonnes. The transfer of the ladle 230 is carried out using the cranes 240.
While the transfer of the ladle 230 may also be carried using transfercars, however, the transfer cars are limited in terms
of functionality as they can travel in only one dimension and the cranes 240 can move in three dimensions.
[0033] The meltingfurnace 220a can be of electricarc type such as electric arc furnace (EAF) or oxygen type such as
basic oxygen furnace (BOF). It is merely for demonstration purpose that BOF has been considered herein but it is not
limited thereto and any other melting furnace can be applied in context of the present disclosure. The molten metal from
the at least one melting furnace 220a is transferred via the ladle 230 to the refining facility station 220c for metallurgical
treatment. The refining facility station 220c may be used to provide secondary processing facility for adding small amounts
of metallurgical agents into the ladle 230containingthe molten metal, bubbling with argon gas, and stirring, as well as
heating to a desired casting or holding temperature. For example, the refining facility station 220c can be referto ladle
metallurgical facility (furnace), LMF or a ladle furnace, LF. Further, the refined molten metal from the refining facility
station 220c is transferred via the ladle 230 to the at least one caster 220d for casting process so as to obtain continuous
supply of steel. Similarly, the empty ladle 230 as well as slag vessels are suitably transported to the slag pot 220e for
further processing such as, for example, cleaning.
[0034] Prior to transferring of the ladle 230 to any of the melting furnaces 220a, the ladle 230 is stocked at the lancing
stand 220b for lancing a surface of the ladle 230 according to the product requirements or as required by supervisors
of the melt shop 200.
[0035] As mentioned above, there are numerous melt shop operations (BOF, lancing, ladle metallurgy, slag disposal,
etc.) carried out at different metallurgical facility stations 220 and corresponding movements to be carried out in the melt
shop 200 using the ladle 230 and cranes 240. Unlike to conventional/existing manual set-up for scheduling movement
of the ladle 230 and the cranes 240 (as shown in FIG. 1) that consumes precious time and energy, the present disclosure
provides a scheduling management system 260 for automatically scheduling the movement of ladle 230 and the cranes
240 between different metallurgical facility stations 220. The scheduling management system 260 thus aidsin increasing
the productivity and capital cost of the melt shop 200 by saving the precioustime and energy, otherwise required in the
scheduled movement as shown in FIG.1.
[0036] In some aspect, the schedule generated from the scheduling management system 260 is based on several
factors such as operational events/activities associated with the melt shop 200. These operational events/activities are
detected in real-time by a tracking system 250. For example, the tracking system 250 can be a live tracking system that
is placed within the melt shop 200. The placement of the tracking system 250 within the melt shop 200 is such that it
can facilitate monitoring of various operational events/activities of the melt shop 200. The scheduling management
system 260 can communicate with the tracking system 250 to receive the real-time operational events/activities. Thus,
the scheduling management system 260 can be configured to generate the schedule for the automatic movement of
ladle 230 and cranes 240 between the metallurgical facility stations 220 using the operational events/activities. The
tracking system 250 can be, for example, any electronic device configured with sensors including (but not limited to) a
camera and an accelerometer. Alternatively, the input to the scheduling management system 260 can be directly re-
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ceived/obtained from industrial controllers such as for example, a distributed control system (DCS), a programmable
logic controller (PLC), proportional-integral-derivative (PID) controllers, etc.
[0037] The scheduling management system 260 provides superior operational efficiency of the melt shop 200. Further,
the ladle 230 circulation/movements is achieved with lower cycle-times leadingto reduced time-duration of maintaining
desired temperatures of the molten contents of the ladle 230 while in circulation, therefore, improving energy efficiency
of the melt shop 200.
[0038] The scheduling management system 260 reduces the need of human engagement for the melt shop operations
(as shown in FIG.1): dedicated on-ground personnel for monitoring the cranes 240 and communication there between,
the metallurgical facility stations 220 availability and central supervisor for decision-making related to ladle-transport.
[0039] To conclude the description of FIG. 2, the scheduling management system 260 is provided to generate an
optimal/near-optimal schedule that simultaneously identifies the pick-up/drop-off metallurgical facility stations 220 for
the ladles 230 along with specificcrane (for example, the crane 240) for performing such transfers of the ladles 230 at
designated times.
[0040] Referringto FIG. 3, a networkenvironment300 may include a server 301, a network(s) 305, and devices
270.1-270.n (hereinafter referred as the electronic device 270). Further, the server 301 includes a database 302, the
scheduling management system 260, and a network interface(s) 304.
[0041] The server 301 comprising the scheduling management system 260 communicates with the electronic device
270 using the network 305. The electronic device 270 may be referred to as for e.g., central computer/control system
configured to remotely manage (by the central supervisor or field operator) the operations of the melt shop 200. In some
aspect, the instructions obtained from the scheduling management system 260 may be communicated directly to the
crane 240, provided that the crane 240 is configured with a circuitry that is capable of receiving and processing the
instructions received from the scheduling management system 260. The electronic device 270 may be a device having
a screen and capable of performing human-machine interaction, such as a mobile phone, notebook computer, tablet,
desktop computer, orthe like.
[0042] The server 301 may include hardware, software, or firmware components. The database 302 may be a cen-
tralized database located remotely to the melt shop 200 and can be accessed by the scheduling management system
260 using the network 305. The database 302 may include one or more parameters (e.g., fixed parameters) related to
the melt shop 200 or related to the metallurgical facility stations 220, the ladle 230 and the crane 240. For example, the
database 302 may include information related to maintenance status of the crane 240, maintenance status of said
metallurgical facility 220, and information regarding the criteria forthe crane 240. In some aspect, the database 302 can
also be accessed by the tracking system 250.
[0043] The network interface 304 via which the scheduling management system 260 may communicate with one or
more other devices or systems via the network 305. For example, the scheduling management system 260 can be
configured to remotely communicate with display devices (to display the schedule) installed and/or being operated at
the melt shop 200, using the network interface 304 supported in both the scheduling management system 260 and the
display devices. The network 305 may include, but are not limited to, anyone or more different types of communications
networks such as, for example, cable networks, public networks (e.g., the Internet), private networks (e.g., frame-relay
networks), wireless networks, cellular networks, telephone networks (e.g., a public switched telephone network), cloud
based networks, or any other suitable private or public packet switched or circuit switched networks. Such network(s)
may have any suitable communication range associated therewith and may include, for example, global networks (e.g.,
the Internet), metropolitan area networks (MANs), wide area networks (WANs), local area networks(LANs), or personal
area networks (PANs).
[0044] Referring to FIG. 4, a computing environment 400 implementing the scheduling management system 260. The
computing environment 400 may be referred to as the electronic device 270 (as defined herein). The computing envi-
ronment 400 may include a processing unit 401, one or more memory devices402 (referred to herein as memory 402),
storage unit 403, an input unit 404, and an output unit405. The computing environment 400 may further include one or
more buses 406 that functionally couple various components of the computing environment 400.
[0045] In some aspects, the memory 402 may include the information related to the fixed parameters of the melt shop
200. The fixed parameters indicating the specification of the metallurgical facility stations 220, the ladles 230 and the
cranes 240 along with bay related information of the melt shop 200. The memory 402 may also include any information
regarding prior schedule (if any). The memory 402 may include volatile memory (memory that maintains its state when
supplied with power) such as random access memory (RAM) and/or non-volatile memory (memory that maintains its
state even when not supplied with power) such as read-only memory (ROM), flash memory, ferroelectric RAM (FRAM),
and so forth. Persistent data storage, as that term is used herein, may include non-volatile memory. In certain example
embodiments, volatile memory may enable faster read/write access than non-volatile memory. However, in certain other
example embodiments, certain types of non-volatile memory (e.g., FRAM) may enable faster read/write access than
certain types of volatile memory. In certain example, the storage unit 403 may be equivalent to the memory 402. In
various implementations, the memory 402 may include multiple different types of memory such as various types of static
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random access memory (SRAM), various types of dynamic random access memory (DRAM), various types of unalterable
ROM, and/or writeable variants of ROM such as electrically erasable programmable read-only memory (EEPROM),
flash memory, and so forth. The memory 402 may include main memory as well as various forms of cache memory such
as instruction cache(s), data cache(s), translation lookaside buffer(s) (TLBs), and so forth. Further, cache memory such
as a data cache may be a multi-level cache organized as a hierarchy of one or more cache levels (LI, L2, etc.).
[0046] The storage unit 403 may include removable storage and/or non-removable storage including, but not limitedto,
magneticstorage, optical diskstorage, and/or tape storage. The storage unit 403 may provide non-volatile storage of
computer-executable instructions and other data. The storage unit 403 and the memory 402, removable and/or non-
removable, are examples of computer-readable storage media (CRSM).
[0047] The storage unit403 may store computer-executable code, instructions, orthe like that may be loadable into
the memory 402 and executable by the processing unit 401 to cause the processing unit 401 to perform or initiate various
operations of the scheduling management system 260. The storage unit 403 may additionally store data that may be
copied to memory 402 for use by the processing unit 401 during the execution of the computer-executable instructions.
Moreover, output data generated as a result of execution of the computer-executable instructions by the processing unit
401 may be stored initially in memory 402 and may ultimately be copied to storage unit 403 for non-volatile storage.
[0048] The processing unit 401 may be configured to access the memory 402 and execute computer-executable
instructions loaded therein. For example, the processing unit 401 may be configured to execute computer-executable
instructions of the various units, program module, applications, engines, managers, orthe like of the scheduling man-
agement system 260 to cause or facilitate various operationsto be performed in accordance with one or more embodi-
ments of the disclosure. The processing unit 401 may include any suitable processing unit capable of accepting data
as input, processing the input data in accordance with stored computer-executable instructions, and generating output
data. The processing unit 401 may include any type of suitable processing unit including, but not limited to, a central
processing unit, a microprocessor, a Reduced Instruction Set Computer (RISC) microprocessor, a Complex Instruction
Set Computer (CISC) microprocessor, a microcontroller, an Application Specific Integrated Circuit (ASIC), a Field-
Programmable Gate Array (FPGA), a System-on-a-Chip (SoC), a digital signal processor (DSP), and so forth. Further,
the processing unit 401 may have any suitable microarchitecture design that includes any number of constituent com-
ponents such as, for example, registers, multiplexers, arithmetic logic units, cache controllers for controlling read/write
operations to cache memory, branch predictors, or the like. The microarchitecture design of the processing unit 401
may be capable of supporting any of a variety of instruction sets.
[0049] The input unit 404 and the output unit 405 may facilitate the receipt of input information by the scheduling
management system 260 from one or more I/O devices as well as the output of information from the scheduling man-
agement system 260 to the one or more I/O devices. For example, an input to display the schedule generated by the
scheduling management system 260 can be obtained using the I/O interface and the output unit 405 can carry out the
output i.e., displaying the schedule. The I/O devices may include any of a variety of components such as a display or a
display screen having a touch surface or a touchscreen; an audio output device for producing sound, such as a speaker;
an audio capture device, such as a microphone; an image and/or video capture device, such as a camera; a haptic unit;
and so forth. Any of these components may be integrated into the components of the computing environment 400 or
only into the scheduling management system 260 or may be separate. The I/O devices may further include, for example,
any number of peripheral devices such as data storage devices, printing devices, and so forth. The input unit 404 and
the output unit 405 may also include an I/O interface for an external peripheral device connection such as universal
serial bus (USB), FireWire, Thunderbolt, Ethernet port or other connection protocol that may connect to one or more
networks.
[0050] The I/O interface(s) may also include a connection to one or more antennas to connect to one or more networks
via a wireless local area network (WLAN) (such as WiFi) radio, Bluetooth, and/or a wireless network radio, such as a
radio capable of communication with a wireless communication network such as a Long Term Evolution (LTE) network,
WiMAX network, 3G network, etc.
[0051] The bus(es) 406 may include at least one of a system bus, a memory bus, an address bus, or a message bus,
and may permit the exchange of information (e.g., data (including computer-executable code), signaling, etc.) between
various components of the scheduling management system 260. The bus(es) 406 may include, without limitation, a
memory bus or a memory controller, a peripheral bus, an accelerated graphics port, and so forth.
[0052] Referringto FIG. 5, the scheduling management system 260 may comprises an event detection unit 502, a
status monitoring and detection unit 504, a task management unit 506, a scheduler unit 508 and a notification unit 510.
[0053] The eventdetection unit502 isconfigured to communicate with the tracking system 250 either over the network
305 or using any of the I/O interfaces. The event detection unit 502 is an interface between the tracking system 250 and
the scheduler unit 508 that is configured to generate the schedule. The event detection unit502can be configured to
detect the operational event(s) of the melt shop 200. In some aspects, the operational event can include, one or more
activities such as, for example:
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a) Change in fixed parameters. In some aspect, the fixed parameters can include, for example, information related
to the cranes240, the metallurgical facility station(s) 220, and bay of the metallurgical shop 200. In some aspect,
the information related to the cranes 240 can include, for example, total number of cranes in the melt shop 200,
width of the cranes 240, speed of the cranes 240 and inter-crane separations. In some aspect, the information
related to the metallurgical facility station(s) 220 can include, for example, a location of the metallurgical facility
station(s) 220 in a bay of the melt shop 200, maximum ladle-carrying capacity and grade-wise ladle-processingtime
at the different metallurgical facility station(s) 220. In some aspect, the information related to bay of the melt shop
200 can include, for example, a length, width and grade-dependent ladle-processing recipe of steps.
b) Time indication that the operation of the ladle 230 at any of the metallurgical facility station 220 is about to
complete. For example, the operation can include delivering of the molten metal to any of the caster 220d through
the refining facility station 220c (containingthe LMF/LF) where the composition of the molten metal is trimmed for
the casting operation. The time indication information can be obtained/identified using the fixed parameters of the
melt shop 200 in association with the real-time events;
c) Deviation in real-time operation from the prior-schedule. The deviation can be detected using the event detection
unit 502 that is continuously monitoring and tracking, in real-time, the operational events at the melt shop 200;
d) Change in maintenance status of any of the metallurgical facility station(s) 220 and said at least one crane 240.
The information regarding the maintenance status can be obtained/identified through, for example, the eventdetection
unit502 or the electronic device 270 in that the operator can indicate the maintenance status (i.e., available/una-
vailable) of the at least one crane 240 along with a duration of said maintenance status;
e) Emergence of unplanned pick-up and drop-off operations by said at least one crane 240;
f) Time indication that all activities of the prior schedule are about to be completely realized in the melt shop 200.
For example, the prior schedule is provided to the operator(s)/supervisor for performing the at least one operation
(e.g., ladle-crane transfer) at the meltshop 200. The tracking system 250 is configured to record ongoing events of
the melt shop 200. Further, the event detection unit 502 communicates with the tracking system 250 and is configured
to compare the ongoing activities recorded in the tracking system 250 and the planned activities that are provided
by the priorschedule (fore.g., if there is adeparture beyond a threshold), and detects this as a new event;
g) Time indication that all transfers of said at least one crane 240 are about to be completely realized in the melt
shop 200 as per the priorschedule.. For example, the scheduling management system 260 can be configured to
determine if the activities are being executed and approaching towards the final or last activity or activities according
to the prior schedule. If yes, then the event detection unit 502 detects this as an event, and the scheduler unit 508
generates a new schedule for new set of activities for an extended period in future;
h) Change in regular operation of the melt shop 200. For example, a receipt of logging a first request and second
request through the electronic device 270 can be detected as the event that can be configured to change the
operation of the melt shop 200. The first request and second request indicating a change the task/create new task
and new schedule, respectively;
i) Lapse in a definite period of time since the last operational event. For example, a predefined period of time is
provided to generate a new schedule in case of no event is detected by the event detection unit 502. Thus, a log of
events (including when the last event occurred) is recorded and if no other event is detected forthe predefined period
of time, then lapse in said predefined period of time is detected as one event and new schedule is generated based
on said event; and
j) Detection of at least one signal indicating operational status of said at least one metallurgical facility station 220.
The operational status comprising, at least one of: a Ladle Furnace (LF) start time and end time, Electric Arc Furnace
start time and end time, Basic Oxygen Furnace (BOF) start time and end time, LF arcing start time and arcing end
time, Electric Arc Furnace arcing start time and arcing end time, Turret rotation, Teeming start time and end time,
ladle 230 pick-up time and drop time at equipment/metallurgical facility station 220 and availability of the ladle 230.

[0054] In addition to aforementioned operational events, the event detection unit 502 can be configured to detect and
process other eventssuch as for example (a) generating the schedule for first-time with limited available data after the
scheduling management system 260 is reset (b) notification indicating unsuccessful scheduling operation/result by the
scheduling management system 260 (c) receipt of multiple triggers of the operational events when the other units of the
scheduling management system 260are in-execution.
[0055] The aforementioned operational events may occur individually or in combination.
[0056] In response to triggering/detecting of the operational event by the event detection unit 502, the status monitoring
and detection unit504 is configured to monitor and detectan availability of the metallurgical facility station(s) 220, the at
least one ladle 230 and cranes 240. In one aspect, the availability herein indicates information regarding an idle state
(i.e., is/or will be idle in future) to perform a task/operation i.e., an estimated forecasted time for the ladle 230 pick-up
from any of the metallurgical facility station 220. In another aspect, the availability herein indicates forecasted information
regarding: when the ladle 230 is available for pick-up from any of the metallurgical facility station 220 or when any of
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the metallurgical facility station 220 will be free to accommodate/process the ladle 230.
[0057] In some aspect, the status monitoring and detection unit 504 involves usage of operational characteristics (e.g.,
signals during operation) for a particular grade of steel processed by the respective metallurgical facility station(s) 220
for determining the availability of the metallurgical facility station(s) 220. The signals during operation are industrial
specific i.e., pre-defined for a particular grade of steel. The operational characteristics or any other real-time information
associated with any of the metallurgical facility station(s) 220 can be obtained from one of the event detection unit 502
or directly from the tracking system 250.
[0058] Similarly, the status monitoring and detection unit 504 can be configured to detect crane-availability information
by categorizing the plurality of cranes 240 of the melt shop 200 into at least one of in-operational cranes, in-operational
cranes in the scheduling horizon, operational/busy cranes and idle cranes. The in-operational cranes are based on one
of a receipt of said operational event and scheduling horizon. In some aspect, the categorizing comprises dividing and
consolidating the plurality of cranes 240 into one of the following four categories depending on their availability in
scheduling horizon:

(i) The in-operational cranes: The cranes 240 that are not operational or not available due to maintenance when
the event is detected by the event detection unit 502;
(ii) The in-operational cranes in the scheduling horizon: The cranes 240 that are available for transferring the ladle
230 when the event is detected by the event detection unit 502, but their period of in-operation (e.g., due to main-
tenance) is to be scheduled in the scheduling horizon;
(iii) The operational/busy cranes: The cranes 240 that, at the time of the event detection are carrying the ladle 230
and performing a ladle-transfertask listed in a prior schedule, or, are about to (in the near future) pick-up the ladle
230 for ladle-transferto perform a task listed in the prior schedule; and
(iv) The idle cranes: The cranes 240 that, at the time of the event detection, are in neither operational nor busy are
idle cranes.

[0059] An example output from the status monitoring and detection unit 504 is illustrated in Table 1. For example, in
view of the Table.1, it can be referred that the ladle-11 of grade "1231" is available for pick-up from caster-3 in 34.65
minutes.

[0060] The task management unit 506 is configured to communicate with the status monitoring and detection unit 504
to receive the information related to the availability of the metallurgical facility station(s) 220,the at least one ladle 230
and the at least one crane 240. In response to receipt of the information regarding the availability, the task management
unit 506 is configured to identify a plurality of tasks. Each task comprises an estimated pick-up time of said at least one
ladle 230 from the at least one metallurgical facility station 220a (for example from the metallurgical furnaces) and an
estimated drop-off time of said at least one ladle 230 to at least one another metallurgical facility station 220b (for example

Table. 1

Metallurgical facility station Remaining Time (min) Ladle ID Grade Heat ID

caster1

caster2 0 L10 123 20100

caster3 34.65 L11 1231 20101

caster2 24.03 L1 1232 20102

lancingstand1

lancingstand3

lancingstand4 0 L8 1237 20103

If1

If2 0 L21 1238 20104

If3

If4 25.48 L17 1239 20105

slagpot1

slagpot2
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at the lancing stand). Thus, the task management unit 506 can be configured to effectively plan the ladle-movements
between the pluralities of metallurgical facility stations 220 arranged in the melt shop 200, as shown in Table.2.

[0061] The task management unit 506 is configured to implement suitable techniques (such as for e.g., a mixed integer
linear instructions/program) that minimizes an idle time of each of the metallurgical facility stations 220. In one aspect,
the list of tasks generated by the task management unit 506 is based on one or more criteria, described below:

(i) The ladle 230 can be transferred to only one metallurgical facility station 220 at a given time or the recipient
metallurgical facility station 220 can only receive one ladle 230 at the given time. For example, the metallurgical
furnace 220a carrying the ladle 230 can be transferred to only the lancing stand 220b, at the given time instead of
being transferred to multiple metallurgical facility stations 220 at same time; and
(ii) For every metallurgical facility station 220 carrying the ladle 230, the selection of the next metallurgical facility
station 220, out of the plurality of metallurgical facility stations 220, is dependent on the grade of steel being processed
in the ladle 230.

[0062] In some aspect, the melt shop 200 comprises multiple ladles 230 in-operation, and the task management unit
506 can be configured to generate at least one next task for each ladle 230 that is in circulation or in operation.
[0063] In some aspect, the task management unit 506 is further configured to receive a first request, from the electronic
device 270. The first request indicates a change in at least one parameter from said at least one identified task or to
create at least one new task. In response to receipt of the first request, the task management unit 506 can be configured
to either change the at least one parameter from said at least one identified task or create the at least one new task.
The at least one parameter comprises said estimated pick-up time of said at least one ladle 230 from the at least one
metallurgical facility station 220 and said estimated drop-off time of said at least one ladle 230 at said at least one
metallurgical facility station 220. The new task comprises a new estimated pick-up time of said at least one ladle 230
from the at least one metallurgical facility station 220 and a new drop-off time of said at least one ladle 230 at said at
least one metallurgical facility station 220.
[0064] The scheduler unit 508 communicates with the task management unit 506 to receive the plurality of tasks. The
main purpose of the scheduler unit 508 is to identify the crane 240 from the cranes 240 to perform each task, generate
the schedule with specific ladle 230 pick-up/drop-off times at various metallurgical facility station(s) 220, and further to
obtain the crane trajectories, so that the tasks are completed in minimum time.
[0065] The scheduler unit 508 can be configured to generate the schedule comprising identification of the at least one
crane 240 to perform the at leastone task with the updated estimated pick-up time and drop-off time. In some aspects,
the updated estimated pick-uptime and drop-off time of the at least one task indicates that the estimated pick-up and
drop off time obtained from the task management unit 506 has been updated simultaneously with the identification of
the at least one crane 240 by the scheduler unit 508. For example, the updated estimated pick-up time and drop-off time
depends on the crane 240 identified to perform the task. That is, if the task is identified to be performed by crane "1"
that is in close proximity to a pickup location (i.e., location of said at least one metallurgical facility station 220 from where
the ladle 230 may be picked-up), the time for the crane "1" to reach said pick-up location is small. However, if the task
is identified to be performed by a crane "2" that is identified to be not in close proximity of said pickup location, the time
for the crane "2" can be larger. Hence, both the estimated pick-up and drop off time are dependent on which crane
(either the crane "1" or the crane "2") is identified to perform which tasks. Therefore, the crane-identification and new

Table.2

Start Position End position Estimated start time (min) Estimated end time (min) Ladle ID Grade Heat ID

caster2 slagpot1 0 15 L10 123 20100

caster2 slagpot2 24.03 36.24 L1 124 20101

caster3 slagpot2 34.65 47.2 L11 125 20102

lancingstand1 If3 0 3.03 L8 126 20103

If2 caste r2 -20 -15.96 L21 127 20104

If3 caste r1 25.28 29.34 L17 128 20105

slagpot1 lancingstand4 20 23.27 L10 129 20106

slagpot2 lancingstand1 41.34 43.12 L1 130 20107

slagpot2 lancingstand3 52.2 64.13 L11 131 20108
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(or updated) pick-up/drop-off times are simultaneously determined within the scheduler unit 508.
[0066] In other aspect, the scheduler unit 508 can be configuredto generate the schedule comprising identification of
the at least one crane 240 to perform the at least one task.
[0067] Further, the task management unit 506 and scheduler unit 508 are configured to generate metallurgical facility
station-and-ladle-related constraints (shown below):

(a) The ladle 230 to remain at any of the metallurgical facility station(s) 220 for a pre-defined duration before it is
picked by any of the crane 240;
(b) The metallurgical facility station(s) 220 limitation: the metallurgical facility station(s) 220 cannot carry more ladles
than its ladle-carrying capacity at any time; and
(c) Steel-making processing sequence is assigned for any pair of tasks.

[0068] The scheduler unit 508 is further configured to compute all possible combinations of the crane-assignmentsto
the tasks. For example, in case there are four tasks and three cranes available, observing that there are three crane-
assignments possible for each task, there are 34= 81 distinct combinations of crane-assignments to the identified tasks.
In another example, consider the combination out of 81 distinct combinations of crane-assignments to the identified
tasks, in which, crane-1 performs all the 4 tasks. For this combination, there are 4! = 24 permutations based on the
sequence in which the tasks are performed, and each permutation is a possible independent scheduling solution. The
scheduler unit 508, therefore, computes the permutations for each possible combinations of the crane-assignments to
the tasks.
[0069] Further, the computation, of each combination using the permutation by the scheduler unit 508, indicates
information (e.g., tasks, and their sequence of execution by each crane 240) that is used to generate the schedule (e.g.,
greedy schedule) and crane-trajectory that satisfy the aforementioned metallurgical facility stations 220/ladle-related
constraints. The crane-trajectories must additionally satisfy certain constraints (crane-trajectory criteria) for example:

(a) a pre-defined crane velocities in a pre-determined direction. That is, the crane velocities cannot exceed permissible
limits in the x/y direction;
(b) a pre-defined separation between at least two adjacent cranes 240. That is, a minimum separation must always
be maintained between any two adjacent cranes of the plurality of cranes 240;
(c) a pre-defined period of ladle handling by each said crane 240. That is, the crane 240 undercertain instances,
must remain at the metallurgical facility station 220 and carry the ladle during the entire period of ladle-processing; and
(d) The plurality of cranes 240 under (or planned for) maintenance must be stationary at a designated location, and
shall be unavailable for performing ladle-transfers. Thus, enabling the provision to handle the plurality of cranes 240
(or the metallurgical facility station 220) under planned maintenance while generating the schedule.
(e) said at least one metallurgical facility station 220 to accommodate said ladle 230 based on said operational
characteristics comprising, for example, at least one of capacity of the metallurgical facility station 220, a grade of
steel casting process, cross-section of the at least one metallurgical facility station 220 such as for example, billets,
slabs, blooms or the like.

[0070] An example schedule generated by the scheduler unit 508 for the task-list corresponding to that in Table 2 is
illustrated in Table 3.

Table.3

Start Position End position Estimated start 
time (min)

Estimated end 
time (min)

Ladle 
ID

Grade Heat 
ID

Crane 
ID

caster2 slagpot1 9.20 15 L10 123 20100 1

caster2 slagpot2 26.34 36.24 L1 124 20301 3

caster3 slagpot2 64.99 47.2 L11 125 20102 2

lancingstand1 If3 24.29 3.03 L8 126 20103 2

If2 caste r2 7.21 15.96 L21 127 20104 3

If3 caste r1 44.60 29.34 L17 128 20105 1

slagpot1 lancingstand4 29.91 23.27 L10 129 20106 1

slagpot2 lancingstand1 52.37 43.12 L1 130 20107 3
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[0071] Advantageously, some embodiments, of the present disclosure provides the usage of the crane-trajectories
generated by the scheduler unit 508 to enable the automated operation of the plurality cranes 240 in the melt shop 200
and further ensuring collision-free movement of the cranes.
[0072] Advantageously, some embodiments, of the present disclosure enables a provision to incorporate human-
intervention (e.g., receiving an input from the operator/supervisor indicating change in schedule or creating new schedule),
unplanned ladle-transfers and unplanned maintenance to modify future scheduling decisions based on such interven-
tions. This is explained below in detail.
[0073] In some aspect, the scheduler unit 508 can be configured to receive, from the electronicdevice 270, a second
request indicating one of a change in generated schedule (may also be possible in run-time in case of any emergency)
comprisingsaid at least one identification of the at least one crane 240 to perform the at least one task or to create a
new schedule comprising at least one new identification of at least one crane 240 to perform said at least one task. The
scheduler unit 508, in response to the receipt of the second request, can be configured to either change the schedule
(existing schedule as generated above) or generates a new schedule. Thus, enabling the provision to incorporate human-
intervention through a suitable user interface (Ul) rendered on the electronic device 270, unplanned ladle-transfers and
unplanned maintenance to modify future scheduling decisions based on such interventions orrevise the schedules under
situations of unplanned event occurrences like metallurgical facility station breakdown.
[0074] In some aspects, the electronicdevice 270 e.g., central computer/system configure to remotely manage (by the
central supervisor) the operations of the melt shop 200 or to the electronic device 270 (of the supervisor) can be
facilitated/notified with the aforementioned generated schedule by the notification unit 510.
[0075] The proposed schedule (as well as the task(s)) generated by the scheduling management system 260 is based
on a moving horizon estimation. All the necessary scheduling-horizon-specific constraints related to the operation in the
melt shop 200 are identified and generated in real time (using the real-time data obtained from the tracking system 250).
This enables, the scheduling management system 260 to schedule the required task in nexttime horizon and that the
list oftask(s) is automatically refreshed and updated on triggering of each operational event, when the scheduling man-
agement system 260 is executed. To conclude, the proposed scheduling management system 260 operates in real-time
and accounts real-time changes occurring in the melt shop 200. Consequently, the time horizon of all the operations
(for example, the listof tasks) to be executed by the scheduling management system 260 is moved in real-time in
connection with real-time change in the operational events of the melt shop 200.
[0076] Further, the notification unit 510 can be configured to provide an estimate of processing and transfer time
information to an external heat determination unit 280 that determines the heating requirement for said at least one ladle
230 at the at least one metallurgical facility station 220. Thus, the proposed scheduling management system 260 provides
a reliable source of ladle wait-times, transfer-times, etc., that can be effectively used by, for example, the melting
furnaces/heating-stations (or thermal plant) for deciding optimum heating requirements in preparation for subsequent
ladle-processing. For example, this processing and transfer time information reporting to the melting furnaces/heating-
stations (or thermal plant) can be leveraged by the melt shop 200 to save energy by avoiding overheating (or under-
heating) of heat/ladle 230.
[0077] It should be noted that operations described in connection to any of aforementioned hardware components of
FIG. 5 may even be executed, collectively, using a single hardware device such as the scheduling management system
260.
[0078] Referring to FIG. 6 in that the scheduling management system 260 is configured to automatically schedule the
movement of ladle 230 and cranes 240 between the different metallurgical facility stations 220. For example, different
sequence of operations (steps 1-7) are executed by the scheduling management system 260 that includes: identifying
and communicating of the real-time information about the melt shop 200 by the tracking system 250 and further identifying
and assigning the task for each crane 240 by the schedule management system 260 based on the real-time information.
[0079] Referringto FIG. 7, the flow diagram schematically depicting a proposed method 700, according to some of the
example embodiments.
[0080] According to step 702, the method 700 includes detecting at least one operational event associated with the
melt shop 200. The operational event comprising at least one of: a) time indication that the operation of the ladle 230 at
any of the metallurgical facility station 220 is about to complete b) detection of at least one signal indicating operational
status of said at least one metallurgical facility station (220a-220e) c) deviation in real-time operation from prior schedule
d) change in maintenance status of at leastone metallurgical facilitystation 220 and said at least one crane 240 e)

(continued)

Start Position End position Estimated start 
time (min)

Estimated end 
time (min)

Ladle 
ID

Grade Heat 
ID

Crane 
ID

slagpot2 lancingstand3 82.77 64.13 L11 131 20108 2
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emergence of unplanned pick-upand drop-off operations by said at leastone crane 240 f) time indication that all activities
according to prior schedule are about to be completely realized in said melt shop 200 g) time indication that all transfers
of said at leastone crane 240 are about to be completely realized in said melt shop 200 according to said priorschedule
h) change in regular operation of said melt shop 200 i) change infixed parameters of said melt shop 200 and j) lapse in
a definite period of time since the last operational event.
[0081] According to step 704, the method 700 includes determining the availability of the at least one metallurgical
facility station 220 from said plurality of metallurgical facility station 220, the at least one ladle 230 and the at least one
crane 240. The availability herein indicates forecasted information regarding: when the ladle 230 can be available for
pick-up from any of the metallurgical facility station 220 or when any of the metallurgical facility station 220 will be free
to accommodate/process the ladle 230.
[0082] According to step 706, the method 700 includes identifying the plurality of tasks. Each task comprises the
estimated pick-up time of said at least one ladle 230 from the at least one metallurgical facility station 220a (for example
from the melting furnaces) and an estimated drop-offtime of said at least one ladle 230 to at least one another metallurgical
facility station 220b (for example at the lancing stand).
[0083] Further, according to step 708, the method 700 includes generating the schedule comprising identification of
the at least one crane 240 to perform said at least one task with an updated estimated pick-up time and drop-off time.
[0084] Further, according to step 710, the method includes providing the notification indicating said schedule to the
electronic device 270. The notification can include, for example, an alarm, a sound notification such as beep or any other
as configured by the schedule management system 260 or an operator/supervisor-desired configuration.
[0085] Aspects of the disclosure are described with reference to the drawings, e.g., block diagrams and/or flowcharts.
It is understood that several entities in the drawings, e.g., blocks of the block diagrams, and also combinations of entities
in the drawings, can be implemented by computer program instructions, which instructions can be stored in a computer-
readable memory, and also loaded onto a computer or other programmable data processing apparatus. Such computer
program instructions can be provided to a processor of a general purpose computer, a special purpose computer and/or
other programmable data processing apparatus to produce a machine, such that the instructions, which execute via the
processor of the computer and/or other programmable data processing apparatus, create means for implementing the
functions/acts specified in the block diagrams and/orflowchart block or blocks.
[0086] In some implementations and according to some aspects of the disclosure, the functions or steps noted in the
blocks can occur out of the order noted in the operational illustrations. For example, two blocks shown in succession
can in fact be executed substantially concurrently or the blocks can sometimes be executed in the reverse order,
depending upon the functionality/acts involved. Also, the functions or steps noted in the blocks can according to some
aspects of the disclosure be executed continuously in a loop.
[0087] In the drawings and specification, there have been disclosed exemplary aspects of the disclosure. However,
many variations and modifications can be made to these aspects without substantially departing from the principles of
the present disclosure. Thus, the disclosure should be regarded as illustrative rather than restrictive, and not as being
limited to the particular aspects discussed above. Accordingly, although specific terms are employed, they are used in
a generic and descriptive sense only and not for purposes of limitation.
[0088] The description of the example embodiments provided herein have been presented for purposes of illustration.
The description is not intended to be exhaustive or to limit example embodiments to the precise form disclosed, and
modifications and variations are possible in light of the above teachings or may be acquired from practice of various
alternatives to the provided embodiments. The examples discussed herein were chosen and described in order to explain
the principles and the nature of various example embodiments and its practical application to enable one skilled in the
art to utilize the example embodiments in various manners and with various modifications as are suited to the particular
use contemplated. The features of the embodiments described herein may be combined in all possible combinations of
methods, apparatus, modules, systems, and computer program products. It should be appreciated that the example
embodiments presented herein may be practiced in any combination with each other.
[0089] It should be noted that the word "comprising" does not necessarily exclude the presence of other elements or
steps than those listed and the words "a" or "an" preceding an element do not exclude the presence of a plurality of such
elements. It should further be noted that any reference signs do not limit the scope of the claims, that the example
embodiments may be implemented at least in part by means of both hardware and software, and that several "means",
"units" or "devices" may be represented by the same item of hardware.
[0090] The various example embodiments described herein are described in the general context of method steps or
processes, which may be implemented in one aspect by a computer program product, embodied in a computer-readable
medium, including computer-executable instructions, such as program code, executed by computers in networked en-
vironments. A computer-readable medium may include removable and non-removable storage devices including, but
not limited to, Read Only Memory (ROM), Random Access Memory (RAM), compact discs (CDs), digital versatile discs
(DVD), etc. Gene rally, program modules may include routines, programs, objects, components, data structures, etc.
that perform particular tasks or implement particular abstract data types. Computer-executable instructions, associated
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data structures, and program modules represent examples of program code for executing steps of the methods disclosed
herein. The particular sequence of such executable instructions or associated data structures represents examples of
corresponding acts for implementing the functions described in such steps or processes.
[0091] In the drawings and specification, there have been disclosed exemplary embodiments. However, many varia-
tions and modifications can be made to these embodiments. Accordingly, although specificterms are employed, they
are used in a generic and descriptive sense only and not for purposes of limitation, the scope of the embodiments being
defined by the following claims.

Claims

1. A computer-implemented method (700) for schedulingoperations in a melt shop (200) of an integrated steel plant,
the method (700) comprising:

detecting(702), by an event detection unit (502), an operational event associated with said melt shop (200),
wherein said operational event is detected in real-time;
detecting (704), by a status monitoring and detection unit (504) in response to said event detection, an availability
of at least one metallurgical facility station (220a-220e), at least one crane (240a-240e) and said at least one
ladle (230a-230b);
identifying (706), by a task management unit (506) in response to said status monitoring and eventdetection
(504), a plurality of tasks, wherein each task comprises an estimated pick-up time of said at least one ladle
(230a-230b) from said at least one metallurgical facility station (220a-220e) and an estimated drop-off time of
said at least one ladle (230a-230b) to at least one another metallurgical facility station (220a-220e) from said
plurality of metallurgical facility stations (220a-220e);
generating (708), by a scheduler unit (508) in response to identifying the plurality of tasks, a schedule comprising
identification of at least one crane (240a-240e) to perform said at least one task with an updated estimated
pick-up time and drop-off time; and
providing (710), by a notification unit (510) in response to generating the schedule, a notification indicating said
schedule to an electronic device (270).

2. The computer-implemented method as claimed in claim 1, wherein said operational event comprises at least one of:

a. time indication that an operation of said at leastone ladle (230a-230b) at any of said metallurgical facility
station (220a-220e) is about to complete;
b. detection of at least one signal indicating operational status of said at least one metallurgical facility station
(220a-220e), wherein said operational status comprising at least one of: Ladle Furnace start time and end time,
Electric Arc Furnace start time and end time, Basic Oxygen Furnace start time and end time, Ladle Furnace
arcing start time and end time, Electric Arc Furnace arcing start time and end time, Turret rotation, Teeming
start time, Teeming end time, pick-up time and drop time of said at leastone ladle (230a-230b), and an availability
of said at least one ladle (230a-230b);
c. deviation in real-time operation from prior schedule;
d. change in maintenance status of said at least one available metallurgical facility station (220a-220e) and said
at least one crane (240a-240e);
e. emergence of unplanned pick-up and drop-off operations by said at least one crane (240a-240e);
f. time indication that all activities according to prior schedule are about to be completely realized in said melt
shop (200);
g. time indication that all transfers of said at least one crane (240a-240e) are about to be completely realized
in said melt shop (200) according to said prior schedule;
h. change in regular operation of said melt shop (200);
i. change in fixed parameters of said melt shop (200); and
j. lapse in a definite period of time since the last operational event.

3. The computer implemented method as claimed in claim 2, wherein said fixed parameters comprises at least one of
crane specification information comprising at least one of total number of said cranes (240a-240e), width of each
crane (240a-240e) and speed information of each crane (240a-240e), inter-crane separations, said at least one
metallurgical facility station (220a-220e)specification information comprising at least one of location of said at least
one mmetallurgical facility station (220a-220e), maximum ladle-carrying capacity and grade-wise ladle-processing
time of said at least one metallurgical facility station (220a-220e), and bay information of said melt shop (200)
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comprising at least one of length, width, and grade-dependent processing sequence of said at least one ladle (230a-
230b).

4. The computer-implemented method as claimed in any of the previous claims, wherein determining the availability
of said at least one crane (240a-240e) comprises:

categorizingsaid plurality of cranes (240a-240e) of said meltshop (200) intoat least one of in-operational cranes,
in-operational cranes in scheduling horizon, operational cranes, busy cranes and idle cranes, wherein said in-
operational cranes are based on at least one operational event and scheduling horizon of at least one crane; and
determining availability of said at least one crane (240a-240e) from said categorized plurality of cranes.

5. The computer-implemented method as claimed in any of the previous claims, further comprises:
generating at leastone criteria for at leastone crane (240a-240e) to perform said tasks, wherein said at least one
criteria indicates that:

(a) each ladle (230a-230b) to remain at said at least one metallurgical facility station (220a-220e) for a pre-
defined duration priorto pick-up,
(b) said at least one metallurgical facility station (220a-220e) to accommodate said at least one ladle (230a-
230b) based on operational characteristics comprising at least one of capacity, a grade of steel casting process,
cross-section of at least one of said metallurgical facility station (220a-220e), and
(c) said each ladle (230a-230b) to follow pre-defined processing sequence.

6. The computer-implemented method as claimed in any of the previous claims, wherein identification of said at least
one crane (240a-240e) comprises performing a permutation of a sequence order in which said plurality of tasks are
assigned to each said crane (240a-240e).

7. The computer-implemented method as claimed in claim 1, wherein method further comprises obtaining crane tra-
jectories based on at least one crane-trajectory criteria comprising:

(a) a pre-defined crane velocities in a pre-determined direction;
(b) a pre-defined separation between at least two adjacent cranes (240a-240e); and
(c) a pre-defined period of ladle-handling by each said crane (240a-240e).

8. The computer-implemented method as claimed in any of the previous claims, wherein said at least one operational
event is detected in real-time, by using a tracking system (250), configured to monitor said operational event of said
melt shop (200).

9. The computer-implemented method as claimed in any of the previous claims, wherein said method further comprises:

receiving, by the task management unit (506), a first request, from said electronicdevice (270), indicating one
of a change in at least one parameter from said at leastone identified task and create at least one new task; and
modifying, by the task management unit (506), said at least one parameter from said identified task based on
said request, wherein said at least one parameter comprises said estimated pick-uptime of said at leastone
ladle (230a-230b) from said at leastone metallurgical facility station (220a-220e) and said estimated drop-off
time of said at least one ladle (230a-230b) at said at least one another metallurgical facility station (220a-220e), or
creating, by the task management unit (506), said at least one new task based on said request, wherein said
at least one new task comprises a new estimated pick-up time of at least one ladle (230a-230b) from said at
least one metallurgical facility station (220a-220e) and a new estimated drop-off time of said at least one ladle
(230a-230b) to said at least one another metallurgical facility station (220a-220e).

10. The compute-implemented method as claimed in any of the previous claims, further comprises:

receiving, by the scheduler unit (508), a second request, from said electronic device (270), indicating one of a
change in schedule comprising said at least one identification of at least one crane (240a-240e) to perform said
at least one task or create a new schedule comprising at least one new identification of said at least one crane
(240a-240e) to perform said at least one task; and
generating, by the scheduler unit (508), a new schedule or modify the schedule in response to said second
request.
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11. The computer-implemented method as claimed in any of the previous claims, wherein method further comprises
notifying an estimate of a processing time information to an external heat determination unit (280) to determine
heating requirement for said at least one ladle (230a-230b) at said at least one metallurgical facility station (220a-
220e).

12. The computer-implemented method as claimed in any of the previous claims, wherein said plurality of tasks and
generated schedule is based on a moving horizon estimation.

13. A scheduling management system (260) for a melt shop (200) of an integrated steel plant comprising plurality of
ladles (230a-230b), a plurality of metallurgical facility stations (220a-220e) and a plurality of cranes (240a-240e) for
transporting at least one ladle (230a-230b) between said plurality of metallurgical facility stations (220a-220e), the
scheduling management system (260) comprising:

an event detection unit (502) configured to detect an operational event associated with said melt shop (200),
wherein said operational event is detected in real-time;
a status monitoring and detection unit (504) configured to detect, in response to said event detection, an avail-
ability of at least one metallurgical facility station (220a-220e), at least one crane (240a-240e) and said at least
one ladle (230a-230b);
a task management unit (506), in response to said status monitoring and event detection, configured to identify
a plurality of tasks, wherein each task comprises an estimated pick-up time of said at least one ladle (230a-
230b) from said at least one metallurgical facility station (220a-220e) and an estimated drop-off time of said at
leastone ladle (230a-230b) to at least one another metallurgical facility station (220a-220e) from said plurality
of metallurgical facility stations (220a-220e);
a scheduler unit (508), in response to identifying the plurality of tasks, configured to: generate a schedule
comprising identification of at least one crane (240a-240e) to perform said at least one task with an updated
estimated pick-up time and drop-off time; and
a notification unit (510), in response to generating the schedule, configured to provide a notification indicating
said schedule to an electronic device (270)

14. A scheduling management system (260) for a melt shop (200) of an integrated steel plant comprising plurality of
ladles (230a-230b), a plurality of metallurgical facility stations (220a-220e) and a plurality of cranes (240a-240e) for
transporting at least one ladle (230a-230b) between said plurality of metallurgical facility stations (220a-220e), the
scheduling management system (260) is configured to perform the method according to any of claims 1 through 12.

15. A computer program product comprising a non-transitory computer readable medium, having thereon a computer
program comprising program instructions, the computer program being loadable into a processing unit (401) and
configured to cause execution of the method according to any of the claims 1 through 12 when the computer program
is run by the processing unit (401).
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