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PART SUPPLY SYSTEM AND METHOD FOR OPERATING PART SUPPLY 

SYSTEM 

TECHNICAL FIELD 

[0001] The present disclosure relates to a part supply system and a method for operating the 

part supply system. 

BACKGROUND 

[0002] An automated storage and retrieval system (ASRS) is a system used to store (load) 

goods from one storage location to another storage location, and to retrieve and pick the stored 

goods, and is characterized by accurately storing and removing goods in and from a predefined 

location, and preventing people from intervening in conveying the goods to a specific processing 

or interface point. 

[0003] As a logistics operation method for containing the goods picked from the automatic 

storage and putting the contained goods into the process necessary for producing a finished 

product, the conventional logistics operation method has been operated by a rule-based 

algorithm that is a method for distributing the works required for the goods (parts) in order. 

[0004] This does not allocate works such as simultaneously considering a number of 

setboxes necessary for one rack work for each universal parallel workplace in consideration of a 

box picking work processing time that is a different minimum packaging unit, does not prevent 

the waiting blocking between pre- and post-processes in a section where a buffer is not installed 

due to the complexity of a logistics automation facility, does not efficiently allocate a part 

storage location of the automated storage, and does not secure the robustness if the operation 

plan is disrupted. 

[0005] The matters explained as the background art are for the purpose of enhancing the 

understanding of the background of the present disclosure and are merely technical information 

that the inventor retained for deriving the embodiments of the present disclosure or acquired in 
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the derivation process, and should not be recognized as corresponding to a known technology 

that has already been disclosed to those skilled in the art or to the general public before filing. 

SUMMARY  

[0006] The present disclosure relates to a part supply system and a method for operating the 

part supply system.  Particular embodiments relate to a part supply system and a method for 

operating the part supply system, which optimize a work allocation related to a part supply 

according to a production plan of a finished product to remove a work delay caused by 

establishing a work plan related to the part supply using a rule-based algorithm, and which 

verify the optimized work allocation to remove a deviation between the optimized work 

allocation and an operation thereof, such as not supplying parts from an automated storage, 

thereby securing the robustness of the work allocation. 

[0007] An embodiment of the present disclosure provides a part supply system and a 

method for operating the part supply system, which optimize a work allocation related to a part 

supply according to a production plan of a finished product to remove a work delay caused by 

establishing a work plan related to the part supply using a rule-based algorithm, and verifies the 

optimized work allocation to remove a deviation between the optimized work allocation and an 

operation thereof, such as not supplying parts from an automated storage, thereby securing the 

robustness of the work allocation. 

[0008] The embodiments of the present disclosure are not limited to the aforementioned 

embodiments, and other embodiments can also be derived from the following description. 

[0009] A method for operating, by a processor, a part supply system configured to load and 

supply a part required for each process to each process in a process of producing a mobility 

according to embodiments of the present disclosure includes creating, by the processor, a part 

supply schedule in which a part required in each process of producing the mobility for each time 

zone is scheduled, creating, by the processor, a part loading schedule in which a part to be 
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loaded on each work bench to which the part is supplied according to the part supply schedule 

for each time zone is scheduled, verifying, by the processor, whether the part loading schedule 

satisfies the part supply schedule through a digital twin, and modifying, by the processor, the 

part loading schedule depending upon a verified result of the digital twin. 

[0010] The verifying can verify whether the part supply schedule satisfies a quantity of parts 

transported being equal to or larger than a target quantity of parts transported in the part 

supply schedule including the quantity of parts transported, and after the verifying, the method 

can modify a part storing schedule that determines a location of each part and the number of 

parts to be stored in an automated storage configured to store the part if the quantity of parts 

transported is smaller than the target quantity of parts transported, and then return to the 

verifying. 

[0011] The verifying can verify whether the part supply schedule satisfies a quantity of parts 

transported being equal to or larger than a target quantity of parts transported in the part 

supply schedule including the quantity of parts transported, and wherein after the verifying, the 

method can modify a part loading schedule comprising a transport path through which the part 

whose work is completed on each work bench to which the part is supplied for each time zone is 

transported if the quantity of parts transported is smaller than the target quantity of parts 

transported, and then return to the verifying. 

[0012] The creating of the part supply schedule can create the part supply schedule in which 

a part setbox on which a plurality of parts required in each process for each time zone are 

loaded, a part setbox rack on which the part setbox is loaded, and a rank pallet in which a part 

not loaded on the part setbox is contained. 

[0013] The creating of the part loading schedule can create the part loading schedule in 

which the part to be loaded on each work bench for each time zone is scheduled so that total 
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working times required to load the part setbox on the part setbox rack satisfy a minimum 

working time. 

[0014] The creating of the part loading schedule can create the part loading schedule in 

which the part to be loaded on each work bench for each time zone is scheduled to minimize an 

operation rate deviation between the respective work benches. 

[0015] The creating of the part loading schedule can create the part loading schedule in 

which the work allocation of the part to be loaded on each work bench to which the part is 

supplied according to the part supply schedule for each time zone and the sequencing between 

works are scheduled in consideration of an idle time and a blocked time of each work bench. 

[0016] The creating of the part loading schedule can further include creating a part storing 

schedule that determines a location of each part and the number of parts to be stored in an 

automated storage configured to store the part to be loaded on each work bench to which the 

part is supplied according to the part supply schedule for each time zone, in which the creating 

of the part storing schedule can create the part storing schedule in consideration of the release 

frequency of each part every certain period and the part loading schedule of each part. 

[0017] In the creating of the part storing schedule, a plurality of automated storages can be 

provided, and the volume of the part stored in each automated storage can be set differently, 

and the creating of the part storing schedule can create the part storing schedule in 

consideration of the release frequency of the part stored in each automated storage every certain 

period and the part loading schedule of the part stored in each automated storage. 

[0018] In the creating of the part loading schedule, each work bench can include a part 

setbox work bench configured to load the part corresponding to each automated storage on the 

part setbox, and the creating of the part loading schedule can create the part loading schedule in 

which the part to be loaded on each work bench for each time zone is scheduled so that total 
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working times required to load the part setbox on which the part corresponding to each 

automated storage is loaded on the part setbox rack satisfy a minimum working time. 

[0019] The automated storage can further include a buffer storage configured to store a part 

within a preset volume range among parts whose works are completed on the respective work 

benches, and the creating of the part loading schedule can create the part loading schedule in 

which the work allocation of the part and the sequencing between works are scheduled in 

consideration of an idle time and a blocked time of each work bench to which the part outside 

the volume range is supplied. 

[0020] Another part supply system according to embodiments of the present disclosure 

includes a server for operating a part supply system for loading and supplying a part required 

for each process in a process of producing a mobility to each process and includes a processor 

configured to control a function of the server, in which the processor can create a part supply 

schedule in which the part required in each process of producing the mobility for each time zone 

is scheduled, create a part loading schedule in which a part to be loaded on each work bench to 

which the part is supplied according to the part supply schedule for each time zone is scheduled, 

verify whether the part loading schedule satisfies the part supply schedule through a digital 

twin, and modify the part loading schedule depending upon a verified result of the digital twin. 

[0021] The processor can verify whether the part supply schedule satisfies a quantity of 

parts transported being equal to or larger than a target quantity of parts transported in the part 

supply schedule including the quantity of parts transported, and modify a part storing schedule 

that determines a location of each part and the number of parts to be stored in an automated 

storage configured to store the part if the quantity of parts transported is smaller than the target 

quantity of parts transported and then verify the modified part storing schedule again. 

[0022] The processor can verify whether the part supply schedule satisfies a quantity of 

parts transported being equal to or larger than a target quantity of parts transported in the part 



 

 -6- 

supply schedule including the quantity of parts transported, and modify a part loading schedule 

including a transport path through which a part whose work is completed on each work bench to 

which the part is supplied for each time zone is transported if the quantity of parts transported 

is smaller than the target quantity of parts transported and then verify the modified part loading 

schedule again. 

[0023] Some exemplary embodiments of the present disclosure can provide a recording 

medium readable by one or more computers having a program that allows the method to be 

performed recorded therein. 

[0024] According to the part supply system and the method for operating the part supply 

system, it is possible to optimize a work allocation related to a part supply according to a 

production plan of a finished product to remove a work delay caused by establishing a work plan 

related to the part supply using a rule-based algorithm, and to verify the optimized work 

allocation to remove a deviation between the optimized work allocation and an operation 

thereof, such as not supplying parts from an automated storage, thereby securing the robustness 

of the work allocation. 

[0025] The effects of embodiments of the present disclosure are not limited to the 

aforementioned technical effects, and other technical effects can also be derived from the 

following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The above and other objects, features and other advantages of embodiments of the 

present disclosure will be more clearly understood from the following detailed description when 

taken in conjunction with the accompanying drawings, in which: 

[0027] FIG. 1 is a flowchart showing a method for operating a part supply system according 

to an exemplary embodiment of the present disclosure; 
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[0028] FIG. 2 is a diagram showing some steps of the method for operating the part supply 

system according to an exemplary embodiment of the present disclosure; 

[0029] FIG. 3 is a diagram showing some steps of a method for operating a part supply 

system according to the related art; 

[0030] FIG. 4 is a diagram showing some steps of a method for operating the part supply 

system according to an exemplary embodiment of the present disclosure; 

[0031] FIG. 5 is a diagram showing the part supply system according to an exemplary 

embodiment of the present disclosure; 

[0032] FIG. 6 is a diagram showing a facility configuration according to a method for 

operating the part supply system according to an exemplary embodiment of the present 

disclosure; 

[0033] FIG. 7 is a diagram showing a work processing state for each workplace and each 

work bench according to a method for operating the part supply system according to an 

exemplary embodiment of the present disclosure; and 

[0034] FIG. 8 is a flowchart showing a method for operating the part supply system 

according to an exemplary embodiment of the present disclosure. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0035] Specific structural and functional descriptions of the exemplary embodiments of the 

present disclosure disclosed in the present specification or application are only illustrated for 

the purpose of describing the exemplary embodiments of the present disclosure, and the 

exemplary embodiments of the present disclosure can be embodied in various forms and it 

should not be construed that the present disclosure is limited to the exemplary embodiments 

described in the present specification or application. 
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[0036] In addition, to clearly describe the present disclosure, portions irrelevant to the 

description have been omitted, and the same or similar components are denoted by the same 

reference numerals throughout the specification. In addition, the singular expression includes 

the plural expression unless the context clearly dictates otherwise. 

[0037] In addition, in the following detailed description, the classification of the names of 

the components into first, second, etc. is to distinguish one component from another because 

the configurations thereof are the same, and they are not necessarily limited to the order thereof 

in the following description. For example, the first component can be named as the second 

component, and similarly, the second component can also be referred to as the first component 

without departing from the scope according to the concept of the present disclosure. 

[0038] In addition, throughout the specification, when a certain portion “includes” or “has” 

a certain component, it means that other components can be further included rather than 

excluding other components, unless otherwise stated. In other words, it should be understood 

that the term “comprising”, “having”, etc. specifies the presence of the described characteristic, 

region, integer, step, operation, constituent element, component, part, or a combination thereof, 

and does not exclude the presence or addition of one or more other characteristics, regions, 

integers, steps, operations, constituent elements, components, parts, or combinations thereof in 

advance. 

[0039] In addition, in describing the exemplary embodiments disclosed in the present 

specification, a specific description of detailed descriptions of the related known technology will 

be omitted when it is determined that it can obscure the gist of the exemplary embodiments 

disclosed in the present specification. 

[0040] Lastly, unless defined otherwise, all terms including technical terms or scientific 

terms used herein have the same meaning as commonly understood by those skilled in the art to 

which the present disclosure pertains. The terms defined in the dictionary commonly used 
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should be interpreted as having a meaning consistent with the meaning in the context of the 

related technology, and cannot be interpreted as an ideal or excessively formal meaning, unless 

clearly defined in the present specification. 

[0041] Hereinafter, exemplary embodiments of the present disclosure will be described in 

detail with reference to the accompanying drawings. 

[0042] FIG. 1 is a flowchart showing a method for operating a part supply system according 

to an exemplary embodiment of the present disclosure, FIG. 2 is a diagram showing some steps 

of a method for operating the part supply system according to an exemplary embodiment of the 

present disclosure, FIG. 3 is a diagram showing some steps of a method for operating a part 

supply system according to the related art, FIG. 4 is a diagram showing some steps of a method 

for operating the part supply system according to an exemplary embodiment of the present 

disclosure, FIG. 5 is a diagram showing the part supply system according to an exemplary 

embodiment of the present disclosure, FIG. 6 is a diagram showing a facility configuration 

according to a method for operating the part supply system according to an exemplary 

embodiment of the present disclosure, FIG. 7 is a diagram showing a work processing state for 

each workplace and each work bench according to a method for operating the part supply 

system according to an exemplary embodiment of the present disclosure, and FIG. 8 is a 

flowchart showing a method for operating the part supply system according to an exemplary 

embodiment of the present disclosure. 

[0043] FIG. 1 is a flowchart showing a method for operating a part supply system according 

to an exemplary embodiment of the present disclosure, and a method for operating a part supply 

system according to an exemplary embodiment of the present disclosure is a method for 

operating a part supply system for loading and supplying a part required for each process to 

each process by a processor in a process of producing a mobility, and includes creating, by a 

processor, a part supply schedule in which a part required for each time zone in each process of 
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producing a mobility is scheduled (S202), creating, by the processor, a part loading schedule in 

which a part to be loaded on each work bench to which the part is supplied according to the part 

supply schedule for each time zone is scheduled (S204), verifying, by the processor, whether the 

part loading schedule satisfies the part supply schedule through a digital twin (S300), and 

modifying or confirming, by the processor, the part loading schedule depending upon a verified 

result of the digital twin (S400). 

[0044] As shown in FIG. 1, the part supply system according to an exemplary embodiment of 

the present disclosure is a system configured to supply the part required for each process in the 

process of producing the mobility. An example of the process performed by the mobility is 

shown in Table 1 below. 

Table 1 

Items TE1 TE2 TE3 TE4 TE5 PM CM AM 

Represent-
ative work 

Door 
detach-

ment 

Wiring 

Plug/ 
pad 

Sun-
roof 

RR 

Glass 

Roof 
rack 

Under-
pad 

IEB 

Bracket 
(Brake)

/ 

GATE 

CAB 

Head-
lining 

C/PAD 

Blower 

Rear 
bumper 

Carpet
/ 

Fixed 
glass/ 

battery 

Brake 

Tube 

Engine 
room 

Work 
under-
body 

Chassis 

Decking/ 

Fasten-
ing 

WCCU 

Wiring 

Cable 

Wheel 
guard 

T/F Convertible Cell 
FE1 FE2 FE3 FE4 FE5 FE6 

1/4 2/5 3/6 

FRT SIDE 

Engine 
room 

Interior 
trim 

CTR 
SIDE 

Wiring 

W/ 
STRIP 

Striker 

RR 
SIDE 

T/GATE 

Luggage 

Sill side 

FEM 

RR seat 

Console 

Auxil-
iary 

battery 

FRT 
seat 

FRT 
bumper 

Back 
panel 

molding 

Door 
mount-

ed 

Steer-
ing 

wheel 

WS 
glass 

Tire 
mount-

ed 

Liquid 
injection 

Key 
coding 

FRUNK 
electric 
parts 

Coding/ 

inspect-
ion 
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Luggage 

Tray 

 

[0045] As in Table 1, each process of producing the mobility can be performed in the order 

of the trim equipment (TE1 to TE5) that is a line assembling a vehicle body trim of a vehicle, the 

PM, the CM, and the AM that are lines constituting a chassis of the vehicle, a T/F convertible 

that is a line performing all of the trim processes and final processes of the vehicle, and the FE1 

to FE6 that are final lines performing a final installation work of the vehicle. The part supply 

system according to the exemplary embodiment of the present disclosure is a part supply system 

configured to load and supply the part required for each process to each work bench in the 

process of producing the mobility. 

[0046] A first step in the method for operating the part supply system according to the 

exemplary embodiment of the present disclosure creates the part supply schedule in which the 

part required for each time zone in each process of producing the mobility is scheduled (S202). 

Here, the part can be any one of a part setbox on which some or all of a plurality of parts 

required for each process, or some or all parts, are loaded, a part setbox rack on which a single 

part setbox or a plurality of part setboxes are loaded, and a rank pallet in which a part not 

loaded on the part setbox is contained. The above process is a process scheduled for each time 

zone according to daily/weekly/monthly production plans of the mobility, and the respective 

processes can be connected in series or in parallel, and therefore, there can be the sequencing 

therebetween. Therefore, the method for operating the part supply system according to the 

exemplary embodiment of the present disclosure creates a part supply schedule in which the 

part required for each process is also scheduled according to an estimated start time/an 

estimated end time of each process. 
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[0047] A next step creates, by a processor, a part loading schedule in which a part to be 

loaded on each work bench to which the part is supplied according to the part supply schedule 

for each time zone is scheduled (S204). Here, as an example of a component on which the part is 

loaded, there can be a part setbox, a part setbox rack, and/or a rank pallet. The above parts can 

be transported by a conveyor belt. The parts transported by the conveyor belt can be stored in 

and picked from an automated storage of an automated storage and retrieval system (ASRS). 

[0048] A next step verifies, by the processor, whether the part loading schedule satisfies the 

part supply schedule through a digital twin (S300), and modifies or confirms the part loading 

schedule depending upon the verified result of the digital twin, by a processor (S400). Here, the 

digital twin is a technology of creating a twin of real-world objects in a computer, and simulating 

situations that can occur in reality using the computer to predict the results. In other words, this 

is a technology of reflecting data received from a sensor, etc. to a digital environment in real 

time, and predicting problems caused by virtually operating a system on a processor based on 

the above in advance to solve them. Therefore, this step verifies whether the part loading 

schedule satisfies the part supply schedule, modifies the part loading schedule when a problem 

of not reaching a target value occurs, and therefore, confirms the part loading schedule again 

when the problem does not occur based on the simulated results. 

[0049] FIG. 2 is a diagram showing some steps of a method for operating the part supply 

system according to an exemplary embodiment of the present disclosure, and in the method for 

operating the part supply system according to the exemplary embodiment of the present 

disclosure, the creating of the part loading schedule (S204) can create the part loading schedule 

in which the part to be loaded on each work bench for each time zone is scheduled so that total 

working times required for loading the part setbox on the part setbox rack satisfy a minimum 

working time. In addition, the creating of the part loading schedule (S204) can create the part 

loading schedule in which the part to be loaded on each work bench for each time zone is 
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scheduled to minimize an operation rate deviation between the respective work benches. In 

other words, it is possible to optimize the part loading schedule according to a purpose other 

than loading the part required for each process in order based on the order of the process. 

[0050] As shown in the top section of FIG. 2, the following five part setboxes are shown as 

an example of the part setbox on which one or a plurality of parts are loaded. Assuming that it 

takes 8 seconds to load each part, an estimated time required for loading each of 2, 10, 4, 1, and 

8 parts on each part setbox (SB1 to SB5 in order) is shown in the top section of FIG. 2. A 

difference in the number of parts can be caused by a difference between the volumes of the 

respective parts loaded on the part setbox with a constant volume. 

[0051] The bottom section of FIG. 2 shows a plurality of workplaces in which the work of 

loading the part on each part setbox is performed. Here, the workplace into which each part 

setbox is input and the order input into each workplace can be shown in the bottom section of 

FIG. 2. At this time, A indicates the input result by a rule-based algorithm of a part supply 

system according to the related art. In other words, A indicates that an SB1 is input into a 

workplace 1, an SB2 is input into a workplace 2, an SB3 is input into a workplace 3, and again, 

an SB4 is input into the workplace 1 and an SB5 is input into the workplace 2. Therefore, 

according to the related art, a blocked time is generated when the work (e.g., part setbox rack 

work) requiring the plurality of part setboxes is performed. 

[0052] On the contrary, B and C indicate the input results by a mathematical optimization 

algorithm of the part supply system according to an exemplary embodiment of the present 

disclosure. In other words, the part supply system according to an exemplary embodiment of the 

present disclosure lists the workplaces into which each part setbox is input and the input order 

thereof like B and C, and among them, selects an optimal input result of satisfying the purpose 

in which total working times required to load the part setbox on the part setbox rack satisfy the 

minimum working time, the operation rate deviation between the respective work benches is 
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minimized, and an idle time and a blocked time of each work bench are minimized. Therefore, it 

is possible to efficiently supply the parts by optimizing the part loading schedule according to 

the purpose. 

[0053] Here, the mathematical optimization algorithm can be used. In addition, as the 

mathematical optimization algorithm, a mixed integer programming (MIP) requiring that only 

some variables, such as the part setbox input into each work bench, the number of part setboxes, 

and the input order of the part setboxes, are integers can be used as an integer plan model. 

Here, an objection function can be total working times required to load the part. In addition, 

here, decision variables can be the part setbox, the work bench input into the part setbox rack, 

and the input time input into the work bench. In addition, here, constraint conditions include 

the number of work benches selected in the workplace, the sequencing between works within 

the work bench, the blocked time due to the loading congestion of the part by which a buffer 

storage configured to store intermediate parts whose volume is within a certain range or a 

certain level or smaller cannot be installed, and the transport time and transport path schedule 

between the work benches performing the work different from the work bench. 

[0054] FIG. 3 is a diagram showing some steps of a method for operating a part supply 

system according to the related art. An automated storage and retrieval system (ASRS) used in 

the conventional part supply system is a storage configured to store and pick the part, and a 

location of each part, the number of parts located at the corresponding location, and the 

property of the part are databased therein. As a part storing system configured to store the part 

in the automated storage before loading the part as a part of the conventional part supply 

system, according to the related art, grades A/B/C are set in the order of the high release 

frequency of parts required by the part supply system being released. In other words, according 

to the related art, the part with the highest release frequency is disposed close to a conveyor belt 

that transports the part to a place to be loaded on the automated storage, and is disposed to have 
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a smaller number of parts and a wider storing area, and the part with the lowest release 

frequency is disposed away from the conveyor belt, and is disposed to have a larger number of 

parts and a narrower storing area. In addition, according to the related art, the corresponding 

grade is calculated again based on the release frequency performance every month. 

[0055] As shown in FIG. 3, since an interval between grades A and C is far, there can be a 

time difference of up to several minutes in the release time of the part. However, according to 

the related art, the part required for each process according to the production plan of the actual 

mobility cannot be matched with each other, thereby causing the time delay. For example, this is 

because a follow-up work can be delayed when a part C is temporarily released at a specific time 

zone of the vehicle body production plan of the vehicle on the same day in many cases. 

[0056] Therefore, in the creating of the part loading schedule (S204), the method for 

operating the part supply system according to an exemplary embodiment of the present 

disclosure further includes creating a part storing schedule that determines a location of each 

part and the number of parts to be stored in the automated storage configured to store the part 

to be loaded on each work bench to which the part is supplied according to the part loading 

schedule for each time zone, and the creating of the part storing schedule can create the part 

storing schedule in consideration of the release frequency of each part every certain period and 

the part loading schedule of each part. As another exemplary embodiment, in the creating of the 

part storing schedule, a plurality of automated storages are provided, the volume of the part 

stored in each automated storage is differently set, and the part storing schedule can be created 

in consideration of the release frequency of the part stored in each automated storage every 

certain period and the part loading schedule of the part stored in each automated storage. 

[0057] The mathematical optimization algorithm can also be used for such a scheduling. 

Here, the objection function can include the idle time of the part released and/or the blocked 

time of the part released. In addition, here, the decision variables can include the location of 
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each part and/or the number of parts to be stored in the automated storage. In addition, here, 

the constraint conditions can include the number of part setboxes that can be stored in the 

automated storage, the number of part setboxes that can be stored in each part setbox having 

different volumes, and a storage location that cannot be stored. 

[0058] FIG. 4 is a diagram showing some steps of a method for operating the part supply 

system according to an exemplary embodiment of the present disclosure, and in the method for 

operating the part supply system according to the exemplary embodiment of the present 

disclosure, the creating of the part loading schedule (S204) can create the part loading schedule 

in which the work allocation of the part to be loaded on each work bench to which the part is 

supplied according to the part supply schedule for each time zone, and the sequencing between 

works are scheduled in consideration of the idle time and the blocked time of each work bench. 

In other words, according to the exemplary embodiment of the present disclosure, it is possible 

to allocate the works such as the loading of the part and the transport between the work benches 

to minimize the idle time and blocked time of each work bench, and to optimize the order of the 

parts to be loaded or the transport order of the loaded parts. 

[0059] Before explaining the exemplary embodiment of FIG. 4, it should be noted that 

FIG. 4 shows an example of some steps of the method for operating the part supply system in 

which the idle time and/or the blocked time of each work bench can be generated, and it should 

be noted that the number of work benches, etc. is not limited to quantitative and qualitative 

expressions. 

[0060] FIG. 4 shows that each part setbox has a different working time depending upon the 

number of parts, and the working time is proportional to the horizontal length. In addition, a 

first part setbox work bench (shown as a circle) and a second part setbox work bench (shown as 

a regular pentagon) on which parts picked from a first automated storage configured to store a 

large-sized part and a second automated storage configured to store a medium-sized part with a 
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volume smaller than that of the large-sized part as the respective automated storages differently 

set for each volume of the part are loaded are separately shown. In addition, the part setbox 

racks (from the top, first to third part setbox racks) on which the plurality of part setboxes are 

loaded are separately shown as a part setbox on which loading is completed (shown in solid line) 

and a part setbox on which loading is to be scheduled (shown in dashed line). 

[0061] As shown in FIG. 4, the first part setbox rack requires a total of four part setboxes 

including three medium-sized part setbox and one large-sized part setbox, the second part 

setbox rack requires one medium-sized part setbox, and the third part setbox rack requires one 

medium-sized part setbox. In other words, when the required part setboxes are not all loaded, a 

next work cannot be performed on the corresponding part setbox rack work bench. For example, 

when the part setbox required in the TE1 process is the part setbox included in the first part 

setbox rack, the next work can be performed only when all of the corresponding part setboxes 

(three medium-sized part setboxes and one large-sized part setbox) are contained. Therefore, 

the blocked time is generated in the part setbox EX without allocated work. Therefore, the work 

of the part should be allocated to each work bench, and the sequencing between the works with 

different sizes of the part and different working times required of the part should be set in 

consideration of the blocked time or the idle time at which the operator cannot work. 

[0062] FIG. 5 is a diagram showing the part supply system according to an exemplary 

embodiment of the present disclosure. In the method for operating the part supply system 

according to the exemplary embodiment of the present disclosure, the creating of the part 

supply schedule (S202) can create the part supply schedule in which the part setbox on which 

the plurality of parts required in each process for each time zone are loaded, the part setbox rack 

on which the part setbox is loaded, and the rank pallet in which the part that cannot be loaded 

on the part setbox is contained are scheduled. In other words, the part supply system according 

to the exemplary embodiment of the present disclosure can schedule up to the rank pallet work. 
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[0063] As shown in FIG. 5, the part supply system according to the exemplary embodiment 

of the present disclosure transports the part through the conveyor belt and therefore, a process 

of entering and releasing the part into and from the automated storage is first performed. As a 

next step, the part supply system according to the exemplary embodiment of the present 

disclosure allows the part setbox to be transported in front of a goods-to-person (GTP), that is, 

the required part setbox is to be transported in front of an operator from the automated storage. 

As a next step, the part setbox operator loads the part required for each process on the part 

setbox, and the part setbox is transported through the conveyor belt so that a part setbox rack 

operator can load the part setbox on the part setbox rack. The part setbox rack on which loading 

is completed is transported by logistics equipment such as an automated guided vehicle (AGV) 

or an automated mobile robot (AMR). Finally, the part that cannot be loaded on the part setbox 

due to the volume of the box or the limitation to the work bench is additionally contained in the 

rank pallet. Of course, the corresponding step is additionally performed for only a specific part 

setbox rack with such a circumstance. 

[0064] However, as shown in FIG. 5, in actually operating the part supply system after 

optimization, there can be blocking during the transport for various reasons, thereby delaying 

the transport time in the step of entering or releasing the part into or from the automated 

storage and the step of transporting the part setbox through the conveyor belt. In addition, as 

the time at which the part is supplied to the part setbox work bench from the automated storage 

is delayed upon the part setbox work, the working time can be delayed. 

[0065] To solve this problem, a digital twin shown in FIG. 8 will be described below. FIG. 8 

is a flowchart showing method for operating the part supply system according to an exemplary 

embodiment of the present disclosure, and the verifying (S300 of FIG. 1) in the method for 

operating the part supply system according to the exemplary embodiment of the present 

disclosure can include verifying whether the part supply schedule satisfies the quantity of parts 
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transported being equal to or larger than a target quantity of parts transported in the part 

supply schedule including the quantity of parts transported (S302), and after the verifying, the 

method can modify the part storing schedule that determines the location of each part and the 

number of parts to be stored in the automated storage configured to store the part if the quantity 

of parts transported smaller than the target quantity of parts is supplied (S304, S306), and then 

return to the verifying. 

[0066] As another exemplary embodiment, the verifying (S300 of FIG. 1) in the method for 

operating the part supply system according to the exemplary embodiment of the present 

disclosure can include verifying whether the part supply schedule satisfies the quantity of parts 

transported being equal to or larger than a target quantity of parts transported in the part 

supply schedule including the quantity of parts transported (S302), and after the verifying, the 

method can modify the part loading schedule including the transport path (S305) through which 

the part whose work is completed on each work bench to which the part is supplied for each 

time zone is transported if the quantity of parts transported is smaller than the target quantity of 

parts transported (S306), and then return to the verifying. 

[0067] As shown in FIG. 8, before supplying the part, a step of optimizing the respective 

processes going through in the process of producing the mobility and the production plan 

including the target production quantity can be performed (S100). In addition, as described 

above, a step of optimizing a logistics operating plan (S200) can be performed, including 

creating the part supply schedule in which the part required in each process for each time zone 

is scheduled (S202 of FIG. 1) or creating the part loading schedule in which the part to be loaded 

on each work bench to which the part is supplied according to the part supply schedule for each 

time zone is scheduled (S204 of FIG. 1). 

[0068] In addition, as shown in FIG. 8, as another exemplary embodiment of the present 

disclosure, a logistics operation simulation through the digital twin is performed (S301), and 
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then if the target quantity of parts transported is not satisfied (S302), whether there is the part 

supply-related abnormality of the automated storage as the reason thereof can be first detected 

(S304). Here, the part supply-related abnormality includes a situation to timely supply the part 

from the automated storage to the part setbox workplace. For example, although a large number 

of parts C are intensively required in a specific time zone according to the production plan of the 

mobility on the same day, a large number of parts C are not disposed close to the conveyor belt, 

thereby delaying the part supply. Alternatively, in the process of supplying the part, the parts at 

different locations can collide with the part setbox while being transported through the conveyor 

belt through which the parts are simultaneously transported, and the blocked time can be 

additionally generated to prevent the collision, thereby delaying the part supply. In this case, as 

shown in FIG. 8, a step of changing the storing location of the part C to be disposed close to the 

conveyor belt using reference information of the automated storage system (S305) can be 

further performed. 

[0069] Alternatively, as shown in FIG. 8, as another exemplary embodiment of the present 

disclosure, if there is no part supply-related abnormality of the automated storage (No at S304), 

whether there is a conveyor transport-related abnormality can be detected (S306). For example, 

it is assumed that there is a conveyor line shared when the part setbox whose work is completed 

on the part setbox work bench is transported to the part setbox rack work bench that is the next 

work. In this case, two part setboxes can collide with each other when being released in the 

similar time zone, and the blocked time can be additionally generated to prevent the collision. In 

this case, it is possible to optimize the logistics plan again in consideration of the blocked time 

and the idle time (S200) and to verify the optimized logistics plan through the digital twin 

(S301). The logistics operation plan can be confirmed through this verification and applied 

(S401). 
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[0070]  FIG. 6 is a diagram showing a facility configuration according to a method for 

operating the part supply system according to an exemplary embodiment of the present 

disclosure, and in the method for operating the part supply system according to the exemplary 

embodiment of the present disclosure, the automated storage further includes a buffer storage 

configured to store the part within a preset volume range among the parts whose works are 

completed on the respective work benches, and the creating of the part loading schedule can 

create the part loading schedule in which the work allocation of the parts and the sequencing 

between the works are scheduled in consideration of the idle time and the blocked time of each 

work bench to which the part outside the volume range is supplied. In other words, the part 

supply system according to the exemplary embodiment of the present disclosure can be 

operated to create the part loading schedule in consideration of the point that it has a long 

working time and cannot use the buffer storage as the large-sized part setbox on which the 

large-sized part is loaded. 

[0071] As shown in FIG. 6, the automated storage includes the first automated storage 

configured to store a medium-sized part within the volume range, the second automated storage 

configured to store a large-sized part outside the volume range, and the buffer storage 

configured to store the part setbox on which the medium-sized part is loaded. The buffer storage 

stores the part setbox on which the medium-sized part is loaded to allow the work to be 

continuously performed until the next work is performed without waiting for the completion of 

the large-sized part setbox work even when the corresponding work is completed. However, a 

case where the buffer of the buffer storage is not secured or the part setbox whose work is 

completed without being stored in the buffer storage is inevitably accompanied by the blocked 

time. The part supply system according to the exemplary embodiment of the present disclosure 

is characterized by optimizing to create the part loading schedule in consideration of the blocked 

time. 
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[0072] FIG. 7 is a diagram showing work processing states for each workplace and each 

work bench according to a method for operating the part supply system according to an 

exemplary embodiment of the present disclosure. As shown in FIG. 7, for the work on each work 

bench, the blocked time is generated if the buffer function cannot be performed. Considering up 

to the idle time at which the operator cannot work in the specific time zone like the workplace 3, 

the exemplary embodiment of the present disclosure that optimizes the part loading schedule 

considering the idle time and the blocked time uses the buffer storage, thereby smoothing the 

logistics supply, and at the same time, optimizes the part loading schedule, thereby increasing 

the rate of work bench used and increasing the efficiency of the entire production facility. 

[0073] Table 2 below is a table expressing a total amount of reduction in working times that 

are improved by the scheduling of the part supply system based on the mixed integer 

programming as the mathematical optimization algorithm according to embodiments of the 

present disclosure compared to the part supply system based on the rule-based algorithm 

according to the related art. 

Table 2 

Case 
Rule-based 
Algorithm 
(minutes) 

Mixed integer 
programming 

(minutes)  

Amount of 
improvement 

(minutes) 

Rate in 
improvement(%) 

1 21.9 17.6 4.3 20% 

2 19.5 17.5 2.1 11% 

3 20.4 18.8 1.6 8% 

4 20.2 17.5 2.8 14% 

5 20.5 17.2 3.3 16% 

6 19.1 16.9 2.2 12% 

7 21.3 17.4 3.9 18% 

8 19.3 17.6 1.7 9% 
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9 19.7 17.4 2.3 12% 

10 18.7 17.1 1.6 8% 

Working 
time 

Average 20.1 17.5 2.6 13% 

Max 21.9 18.8 4.3 20% 

Min 18.7 16.9 1.6 8% 

 

[0074] As described above, the method for operating the part supply system according to the 

exemplary embodiments of the present disclosure optimizes the logistics work allocation even 

while simulating and removing the errors due to the logistics transport through the digital twin, 

thereby achieving a reduction in the total working times. 

[0075] A processor implementing the aforementioned function, process, and/or method can 

process data in a state where a power source is supplied, generate a control signal, and provide 

the control signal. In addition, the processor can be included in a server. In addition, the 

processor can be configured as a processing circuitry configured to control the function of the 

server, and the server can include the processor, a transmitter, a receiver, and a memory. 

[0076] In addition, the processor can be implemented using at least any one of an 

application specific integrated circuit (ASIC), a digital signal processor (DSP), a programmable 

logic device (PLD), a field programmable gate array (FPGA), a controller, a micro-controller, a 

micro-processor, and other electrical units for performing the function. 

[0077] In addition, the processor can store program codes and data, and be electrically 

connected to the memory as a recording medium readable by a computer to exchange a signal. 

The memory can store the data processed by the processor. Here, the memory is hardware and 

can be configured as at least any one of ROM, RAM, EPROM, flash memory, and a hard drive. 

The memory can be implemented in the form integrated with the program, or classified as a 

sub-component of the processor. 
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[0078] Until now, the exemplary embodiments of the present disclosure have been 

described. Those skilled in the art to which the present disclosure pertains will be able to 

understand that the present disclosure can be implemented in the modified form without 

departing from the essential characteristics of the present disclosure. 

[0079] In other words, since the exemplary embodiments of the present disclosure can be 

variously changed and can have various forms, the specific exemplary embodiments are shown 

in the drawings and described in detail in the present specification or application. However, it 

should be understood that this is not intended to limit the exemplary embodiments according to 

the concept of the present disclosure to the specific disclosed form, and the present disclosure 

includes all changes, equivalents, or substitutions included in the spirit and technical scope of 

the present disclosure. 

[0080] Therefore, the disclosed exemplary embodiments should be considered from an 

explanatory point of view rather than a limited point of view. It should be understood that the 

scope of the present disclosure is described in the claims as well as the aforementioned 

description, and all differences within the scope equivalent thereto are included in the present 

disclosure. 
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WHAT IS CLAIMED IS: 

1. A method for using a part supply system to load and supply parts required for processes 

in producing a mobility, the method comprising: 

 creating, by a processor, a part supply schedule in which the parts required for the 

processes in producing the mobility for each of a plurality of time zones are scheduled; 

 creating, by the processor, a part loading schedule in which the parts to be loaded on 

each work bench to which the parts are supplied according to the part supply schedule for each 

time zone are scheduled; 

 verifying, by the processor, whether the part loading schedule satisfies the part supply 

schedule through a digital twin; and 

 confirming or modifying, by the processor, the part loading schedule based on the 

verification through the digital twin. 

2. The method of claim 1, further comprising moving the parts from one storage location to 

another storage location based on the confirmed or modified part loading schedule. 

3. The method of claim 1 or 2, further comprising producing the mobility using the parts. 

4. The method of any one of claims 1 to 3, wherein verifying comprises verifying whether 

the part supply schedule satisfies a quantity of parts transported being equal to or larger than a 

target quantity of parts transported in the part supply schedule, the method further comprising, 

in response to a verification that the quantity of parts transported is smaller than the target 

quantity of parts transported, modifying a part storing schedule that determines a location of 

each part and a number of the parts to be stored in an automated storage, and then re-verifying. 

5. The method of claim 4, further comprising, in response to a verification that the quantity 

of parts transported is smaller than the target quantity of parts transported, modifying the part 
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loading schedule comprising a transport path along which the part whose work is completed on 

each work bench is transported, and then re-verifying. 

6. The method of any one of claims 1 to 5, wherein creating the part supply schedule 

comprises scheduling a part setbox on which a plurality of the parts required in each process for 

each time zone are loaded, a part setbox rack on which the part setbox is loaded, and a rank 

pallet in which a part not loaded on the part setbox is contained. 

7. The method of claim 6, wherein creating the part loading schedule comprises scheduling 

the parts to be loaded on each work bench for each time zone so that total working times 

required to load the part setbox on the part setbox rack satisfy a minimum working time. 

8. The method of any one of claims 1 to 7, wherein creating the part loading schedule 

comprises scheduling the parts to be loaded on each work bench for each time zone to minimize 

an operation rate deviation between the respective work benches. 

9. The method of any one of claims 1 to 8, wherein creating the part loading schedule 

comprises scheduling a work allocation of the parts to be loaded on each work bench to which 

the parts are supplied according to the part supply schedule for each time zone and sequencing 

between works in consideration of an idle time and a blocked time of each work bench. 

10. A method for operating by a processor a part supply system to load and supply parts 

required for processes in producing a mobility, the method comprising: 

 creating a part supply schedule in which the parts required for the processes in 

producing the mobility for each of a plurality of time zones are scheduled; 

 creating a part loading schedule in which the parts to be loaded on each work bench to 

which the parts are supplied according to the part supply schedule for each time zone are 

scheduled; 
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 creating a part storing schedule that determines a location of each part and a number of 

the parts to be stored in an automated storage that stores the parts to be loaded on each work 

bench; 

 verifying whether the part loading schedule satisfies the part supply schedule through a 

digital twin; and 

 confirming or modifying the part loading schedule based on the verification through the 

digital twin. 

11. The method of claim 10, wherein creating the part storing schedule is performed in 

consideration of a release frequency of each part every certain period and the part loading 

schedule of each part. 

12. The method of claim 10 or 11, wherein creating the part storing schedule comprises: 

 providing a plurality of the automated storages; and 

 setting a volume of the parts stored in each automated storage differently; and 

 wherein creating the part storing schedule is performed in consideration of a release 

frequency of the parts stored in each automated storage every certain period and the part 

loading schedule of the parts stored in each automated storage. 

13. The method of claim 12, wherein:  

 each work bench comprises a part setbox work bench to load the part corresponding to 

each automated storage on the part setbox; and 

 creating the part loading schedule comprises scheduling the parts to be loaded on each 

work bench for each time zone so that total working times required to load the part setbox on 

which the part corresponding to each automated storage is loaded on a part setbox rack satisfy a 

minimum working time. 
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14. The method of any one of claims 10 to 13, wherein the automated storage further 

comprises a buffer storage configured to store a part within a preset volume range among the 

parts whose works are completed on the respective work benches. 

15. The method of claim 14, wherein creating the part loading schedule comprises 

scheduling a work allocation of the parts and sequencing between works in consideration of an 

idle time and a blocked time of each work bench to which the parts outside the volume range are 

supplied. 

16. A server comprising: 

 a processor; 

 a non-transitory, computer-readable recording medium coupled to the processor and 

storing a program for operating a part supply system for loading and supplying parts required 

for processes in producing a mobility, wherein the program includes computer code that, when 

executed by the processor, causes the processor to: 

  create a part supply schedule in which the parts required for the processes in 

producing the mobility for each of a plurality of time zones are scheduled; 

  create a part loading schedule in which the parts to be loaded on each work bench to 

which the parts are supplied according to the part supply schedule for each time zone are 

scheduled; 

  verify whether the part loading schedule satisfies the part supply schedule through a 

digital twin; and 

  confirm or modify the part loading schedule based on the verification through the 

digital twin. 



 

 -29- 

17. The server of claim 16, wherein the computer code further causes the processor to verify 

whether the part supply schedule satisfies a quantity of parts transported being equal to or 

larger than a target quantity of parts transported in the part supply schedule. 

18. The server of claim 17, wherein in response to a verification that the quantity of parts 

transported is smaller than the target quantity of parts transported, the computer code further 

causes the processor to:  

 modify a part storing schedule that includes a location of each part and a number of the 

parts to be stored in an automated storage configured to store the parts; and 

 verify the modified part storing schedule. 

19. The server of claim 17 or 18, wherein in response to a verification that the quantity of 

parts transported is smaller than the target quantity of parts transported, the computer code 

further causes the processor to: 

 modify a part loading schedule comprising a transport path along which the part whose 

work is completed on each work bench is transported; and  

 verify the modified part loading schedule. 




