METHOD FOR OPERATING CELL BASED MOBILITY PRODUCTION SYSTEM

TECHNICAL FIELD
[o001] The present invention relates to a method for operating a cell based mobility

production system.

BACKGROUND

[0002] Embodiments of the present invention relate to a vehicle production method for
preparing for the future. Conventionally, a mass production method of certain kinds of small
items has been operated centering on conveyors. However, in the future society to come,
industry changes are progressing around electric vehicles and it is expected that a change in
customer-centric manufacturing methods is required to respond to customer needs where

diversity is emphasized.

[0003] In aconventional production line, vehicles are supplied according to a consistent
sequence, and a manufacturing process is performed in a consistent sequence until a finished
vehicle is released. The working hours of all processes are the same, and vehicles with parts
exceeding the working hours are difficult to be supplied or result in limitations in production. In
other words, it is believed that there will be difficulties in responding to various customer needs
in the future society while maintaining a manufacturing structure that allows only mass

production of certain small items.

[0004] Therefore, it is necessary to break away from the traditional vehicle manufacturing
method and to innovate a manufacturing method that can easily and quickly produce a variety

of vehicles at one point.

[0o005]  Asan example of the manufacturing method, there is a cell based smart factory. A

smart factory is constituted with cell based lines. Each cell performs its own tasks, cells are



variously arranged inside the factory, and the schedule of cells through which incoming vehicles

pass can be easily changed.

[o0o06]  However, in such cell based processes, the overall schedule should be well
established to ensure efficiency without bottlenecks as much as possible. Therefore, it is

necessary to quickly and accurately simulate this and establish a schedule in advance.

[0007]  The matters described as the background are only for enhancing an understanding of
the background of the present invention, and should not be taken as acknowledging that they

correspond to the prior art already known to those of ordinary skill in the art.

SUMMARY

[0008]  The present invention relates to a method for operating a cell based mobility
production system. Particular embodiments relate to a method for operating a cell based
mobility production system in operating a smart factory system that produces various types of
mobilities with a plurality of cells connected in series or in parallel. Embodiments can achieve
maximum efficiency by reducing bottlenecks, produce various vehicle types with one system,
and quickly and accurately change cell layout and production plans even when vehicle types or

production targets change.

[0009] In order to solve problems, embodiments of the present invention relate to a method
for operating a cell based mobility production system in operating a smart factory system that
produces various types of mobilities with a plurality of cells connected in series or in parallel.
The method can achieve maximum efficiency by reducing bottlenecks, produce various vehicle
types with one system, and quickly and accurately change cell layout and production plans even

when vehicle types or production targets change.

[0o010]  Embodiments of the present invention provide a method for operating by a controller

a cell based mobility production system which produces various kinds of mobilities with a



plurality cells connected in series or in parallel. The method includes steps of arranging a
necessary task for each cell in consideration of a mobility production target and a deviation of
utilization rate between cells, setting a sequence of the cells through which a vehicle body
matched for a type of mobility passes, in consideration of the task arranged for each cell, and
determining a feeding sequence of each type of vehicle body in consideration of the sequence of

the cells through which each type of vehicle body passes.

[0o011] The step of arranging a necessary task for each cell may be performed such that the
mobility production target meets a necessary production and the deviation of utilization rate

between cells is minimized.

[0012] In the step of arranging a necessary task for each cell, a plurality of predicted
schedules in which tasks are arranged for each cell may be generated, and among the plurality of
predicted schedules, the predicted schedule in which the mobility production target meets a
necessary production and the deviation of utilization rate between cells is minimized may be

selected as an optimal schedule.

[0013] The step of arranging a necessary task for each cell may be performed in

consideration of a preceding and following relationship for each task.

[0014] The step of arranging a necessary task for each cell may be performed in

consideration of tasks that have to be performed at the same time.

[0015] The step of arranging a necessary task for each cell may be performed in
consideration of a task that can be performed for each cell and a task that cannot be performed

for each cell.

[0016] The step of setting a sequence of the cells may be performed by determining a
number of each type of vehicle body to be performed for each cell, and determining a number of

each type of vehicle body moving between the cells.



[0o017] The step of setting a sequence of the cells may be performed such that a necessary
production for each type of mobility is satisfied and a moving distance of each type of vehicle

body between cells is minimized.

[0018]  The step of setting a sequence of the cells may be performed in consideration of a
maximum work time of each cell, a type of task that can be performed in each cell, and a

preceding and following relationship between tasks.

[0019] In the step of determining a feeding sequence of each type of vehicle body, a plurality
of predicted schedules in which the feeding sequence of each type of vehicle body is different
from each other may be set, and, among the plurality of predicted schedules, the predicted

schedule with the shortest work time may be selected as an optimal schedule.

[0020] Inthe step of determining a feeding sequence of each type of vehicle body, a plurality
of predicted schedules in which the feeding sequence of each type of vehicle body is different
from each other may be set, and, among the plurality of predicted schedules, the predicted
schedule with the shortest waiting time between the vehicle bodies to be fed may be selected as

an optimal schedule.

[0021] The step of determining a feeding sequence of each type of vehicle body may be
performed in consideration of a moving time and work time for each type of vehicle body, a type
of tasks that can be performed in each cell, and a preceding and following relationship between

tasks.

[0022]  The method may further include, after the step of determining a feeding sequence of
each type of vehicle body, the step of reperforming from the step of arranging a necessary task
for each cell by detecting a cell with excessive utilization rate in feeding the vehicle body
according to the feeding sequence, and sending a feedback for reducing the utilization rate of the

detected cell.



[0023] In the step of reperforming, the cell with the utilization rate of 100% may be

determined as the cell with excessive utilization rate.

[0024] In a case of the cell with excessive utilization rate, the step of reperforming from the
step of arranging a necessary task for each cell may be performed after limiting a maximum

utilization rate.

[0025]  According to the method for operating a cell based mobility production system
according to embodiments of the present invention, in operating a smart factory system that
produces various types of mobilities with a plurality of cells connected in series or in parallel,
the method can achieve maximum efficiency by reducing bottlenecks, produce various vehicle
types with one system, and quickly and accurately change cell layout and production plans even

when vehicle types or production targets change.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]  FIG. 1is a diagram showing a production system to which a method for operating a
cell based mobility production system according to an embodiment of the present invention is

applied.

[0027] FIG. 2 is a flowchart of a method for operating a cell based mobility production

system according to an embodiment of the present invention.

[0028]  FIG. 3is a diagram showing a passive cell of a cell based mobility production system

according to an embodiment of the present invention.

[0029]  FIG. 4 is a diagram showing an automatic cell of a cell based mobility production

system according to an embodiment of the present invention.

[0o030]  FIG. 5 is a graph showing a result when a method for operating a cell based mobility

production system according to an embodiment of the present invention is applied.



DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0031] FIG. 1is a diagram showing a production system to which a method for operating a
cell based mobility production system according to an embodiment of the present invention is
applied, FIG. 2 is a flowchart of a method for operating a cell based mobility production system
according to an embodiment of the present invention, FIG. 3 is a diagram showing a passive cell
of a cell based mobility production system according to an embodiment of the present invention,
and FIG. 4 is a diagram showing an automatic cell of a cell based mobility production system

according to an embodiment of the present invention.

[0032] FIG. 1is a diagram showing a production system to which a method of operating a
cell based mobility production system according to an embodiment of the present invention is
applied, and shows the configuration of a cell based smart factory production system rather than

a conventional conveyor method.

[0033] Embodiments of the present invention relate to a method for operating the cell based
mobility production system. The embodiments of the present invention correspond to the
diversity in the future society, and relate to a new production method for a configuration that is
difficult to overcome with the consistent and rigid production method of a conventional

technology (e.g., a conveyor production method).

[0034]  With the structure of the conventional technology, it was not possible to perform the
following, and thus, production could not be increased without shutting down tasks: (1) after
supplying the vehicles to be produced in sequence, rearranging the tasks on a production line for
optimal efficiency, (2) relocating the tasks in consideration of the difference in capacities that
occurs between taskers, (3) relocating the working hours between production lines according to
the vehicle type, (4) relocating the working hours to respond to customer customizing ordered
vehicles, and (5) redistributing the bottleneck process. In other words, in the conventional case,

reconstruction of the entire line is inevitable in order to respond to various changes in needs.
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However, since in the cell based system to which embodiments of the present invention are
applied, it is possible to easily and quickly perform cell movement, task distribution between
cells, vehicle feeding, and flow changes, it can effectively respond to various types of mobilities

and changes in needs.

[0035] However, since this cell based system does not use a conveyor method, productivity
may decrease if a bottleneck occurs in the middle of the manufacturing process. In order to
prevent such a decrease in productivity, embodiments of the present invention simulate a
production result, establish an optimal production plan, and apply it to a system, thereby

enabling the production of various vehicle types and maximizing productivity at the same time.

[0036] Embodiments of the present invention relate to the operation of a system capable of
achieving maximum production efficiency by optimizing resources of a production line by
redistributing existing inefficient parts. In order to achieve the maximum efficiency of the
production line, embodiments of the present invention enable a system to accumulate task time
data in real time for each process/worker by a task completion signal for each part in real time,
and to change, based on the data, task organization in real time by an optimal algorithm for
optimization and efficiency. It is possible to achieve maximum production efficiency by a
mathematical optimization algorithm based on vehicle/distribution transfer device (AMR), cell

(manual/automatic) process, and ICT control technology.

[0037] By utilizing embodiments of the present invention, the following are possible: 1)
maximum increase in production efficiency, 2) adjustment of salary according to worker
capabilities (motivation), 3) prevention of production delays when a vehicle with a large amount
of tasks is fed, and 4) increased production by the rearrangement of some bottleneck processes,
etc. In addition, the production line can be operated in real time, and this efficient and flexible

method has a great effect on improving the efficiency of various productions.



[0038] On the other hand, the cell process referred in embodiments of the present invention
means an independent movable task space (cell), and may be composed of a manual cell (a

worker process of FIG. 3) and an automatic cell (a robot process of FIG. 4).

[0o039]  FIG. 1is a diagram showing a production system to which a method of operating a
cell based mobility production system according to an embodiment of the present invention is
applied. The production system to which embodiments of the present invention is applied is
composed of a plurality of cells as shown. In addition, each cell is arranged in series and in

parallel, thereby enabling flexible and efficient mobility production.

[0040] Examples of tasks performed in each cell are as follows.

Table 1
glaSS‘ﬁcaUO TE1 | TE2 TE3 | TE4 TEs PM |CM AM
Sunroo Brake
door f ini Chassis
o IEB geadhnln Carpet | Tube WCCU
remov . ..
Represent- -al brake A /fixed engin ) Wirin
ative Glass | T/ C/PAD N e Decking | 8
wiring £ GAT | Blower ass room Cable
tasks o E /batter
plug rack rear y task fastenin | Wheel
/pad under | CAB | bumper under | g guard
pad body
bl
v Y | 746 | 315 738 | 325 330  |705 | 300 713
MM
quality MM | 70 69 66 67
TOTAL 816 807 771 780
T/F Convertible Cell
FE1 FE2 FE3 FE4 FEs5 FE6
1/4 2/5 3/6
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FRT SITZRSI RR seat door WS liquid FIRUNK
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engine | W/STR | T/GAT | aux- back steering | tire key coding/
room 1P E iliary panel wheel mount- | coding | test
indoor | striker | Lug- battery | molding g
trim gage luggage

sill side tray
1,429 706 1,400 315 300 698 300 310 300
134 66 132 65
1,563 772 1,532 763

[0041] As shown in the table above, TE1 to TE5 can be connected in series and form lines for
assembling trim. PM to AM can be connected in series as chassis lines. In a T/F convertible,
both trim and final processes are performed, and it consists of 1 to 6 cells connected in parallel.
In the final line of FE1 to FE6 a finishing installation task is performed. As described above, the
production system to which embodiments of the present invention is applied has a basic

assembly sequence and cell arrangement.

[0042]  When production output needs to be changed or improved, such as when a
bottleneck needs to be removed to increase production efficiency, when a production target
needs to be changed, or when production needs to be increased for specific vehicle types, it
needs to change the overall task process, such as, specific cell operation, cell arrangement, or the
sequence or quantity of vehicles to be fed. In this case, embodiments of the present invention
establish an optimal production process with a preliminary simulation, and immediately apply it

to the system for production, so that the system can be operated most efficiently.

[0043]  Specifically, FIG. 2 is a flow chart of a method for operating a cell based mobility

production system according to an embodiment of the present invention. The operation method
of the cell based mobility production system according to embodiments of the present invention
operates a system for producing various types of mobilities with a plurality of cells connected in

series or in parallel by a controller. The method includes arranging a certain task for each cell in



consideration of a mobility production target and a deviation of utilization rate between cells
(S100), setting a sequence of the cells through which a vehicle body matched for a type of
mobility passes in consideration of the task arranged for each cell (S200), and determining a
feeding sequence of each type of vehicle body in consideration of the sequence of the cells

through which each type of vehicle body passes (S300).

[0044] A cell based system has the advantage of being able to produce a variety of vehicle
types on one line. However, if there is a large difference in capacities between workers, there is a
large difference in the amount of work between vehicles, there is a large variety of vehicle types,

or a bottleneck occurs, overall productivity may be degraded.

[0045]  Therefore, when the first production begins, when a vehicle type or a production
target is changed, or when an excessive bottleneck occurs, the entire process is simulated,
evaluated, and changed according to the sequence of FIG. 2 in order to establish the production
process to be changed. By applying it to the system, the system can produce mobilities according

to the changed operation plan.

[0046] To this end, the controller of the mobility production system collects various data,
updates the operation plan, and controls the production of the system accordingly. A controller
according to an exemplary embodiment of the present invention can be implemented with an
algorithm configured to control the operations of various components of the system or a
nonvolatile memory (not shown) configured to store data related to software commands for
reproducing the algorithm, and a processor (not shown) configured to perform the operations
described below using the data stored in the memory. Here, the memory and the processor may
be implemented as separate chips. Alternatively, the memory and processor may be
implemented as a single chip integrated with each other, and the processor may be in the form

of one or more processors.
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[0047] The controller needs to collect various data. The data may be data of tasks performed

in each cell or target data that needs to be produced in the future.

[0048]  First, a step of arranging a necessary task to each cell is performed in consideration
of a mobility production target and the deviation of utilization rate between cells. The system of
embodiments of the present invention is provided with a plurality of cells, and the types of
various tasks to be performed on each cell are defined. In order to establish an operational plan,
it is necessary to determine the kind of task that should be performed on each cell. Further, the
criterion for such determination may be the production target and the minimizing of the

deviation of utilization rate between cells.

[0049]  An optimization process can be conducted for this task arrangement. The
optimization process analyzes the actual work time data of all cells in terms of production
efficiency, and optimizes the organization so that all cells have the same work time. Thus, it
achieves the same efficiency as in the conveyor production method. Specifically, if a cell process
requires excessive work completion time compared to the actual work time data of the entire
cell, a task that can be moved to another cell can be selected and the reorganization can be
conducted so that it can be changed to a cell process with less work completion time.
Accordingly, it is reorganized so that the work time of the entire cell process is as similar as

possible.

[0050] Further, it is possible to optimize the organization so that the maximum production
is increased by changing the automatic process organization of the bottleneck process. In this
case, it is possible to increase the production by organization change of some parts of the

automated process to a manual process.

[0051] When the organization is changed by this process, it is linked to automatically change

the task information/logistics information. The table below shows the tasks that can be
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organized to move to another cell and the tasks that cannot be organized to move to another cell,

among the tasks performed in the TE1 process.
Table 2

Task Organization of TE1 Manual Process

Task name TE1 manual only f}?:fli;eﬂity of organization
Brake Pedal ° -
CTR/RR FLR Pad ° -
Curtain Airbag Module ° -
FRT Seat Belt - °
2ND Seat Belt - °
Buckle - °
FLR Wiring (driver seat) - .
FLR Wiring (passenger seat) | - °
FLR Wiring (B pillar

bottom) ] *
Main Wiring ° -
Roof Wiring ° -

[0o052]  Inthe step (S100) of arranging a necessary task for each cell, an optimization
algorithm is used. In this case, task organization is performed for each process so that the
utilization rate for each cell is leveled based on various production scenarios, and the optimal
solution for all cases is derived in a short time through mathematical optimization modeling.
The determinant variable of this modeling can be whether or not to arrange a specific task in the

process, the objective function can be the leveling of the utilization rate for each cell for each
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demand scenario, and constraints can include a process that can be arranged for each task, a
preceding and following relationship for each task, a task required at the same time, and

satisfaction of a production target for each demand scenario, etc.

[oo53]  Thatis, in the step (S100) of arranging a necessary task for each cell, a necessary task
may be placed for each cell such that a mobility production target meets required production
and a deviation of utilization rate between cells is minimized. In addition, a necessary task can
be arranged for each cell in consideration of the preceding and following relationship for each
task, a necessary task can be arranged for each cell in consideration of tasks to be performed at
the same time, and a necessary task can be arranged for each cell in consideration of the

capability and incapability of a cell in which the task can be arranged.

[0054] Specifically, a plurality of predicted schedules in which tasks are arranged for each
cell is generated. Among the plurality of predicted schedules, a predicted schedule that the
mobility production target meets the required production and the deviation of the utilization

rate between cells is to be minimized can be selected as an optimal schedule.

[0055] As shown in the table below, the time required for each task, a list of cells available

for the task, and the data of a pre-task to be performed before the task is required.

Table 3
Task Information
Task Task time Available cell Pre-task
task#1 60 A. B. C —
task#2 1 A —
task#3 28 B. C 2
task#4 12 C 3
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[0056] For the cell arrangement, the cell arrangement of Table 1 cited above can be used. By
applying these data to the optimization modeling, the task organization for each demand

scenario is derived as follows.
Table 4

Derived optimal organization - Exploring the number of all cases using a

mathematical optimal solution

objective function: production (deviation of utilization rate)

. . demand demand demand
organization cell organization scenario 1 scenario 2 scenario 3
organization#1 TE1:1, 2, 3
dissatisfaction TE2:4, 5 136 124 136
N - (0.1) (0.3) (0.15)
target demand |
organization#2 | T1:2, 3,8 136 136 136
optimal T2:1,5
solution (0.2) (0.2) (0.1)

T1:1,5,8

L. > 136 136 136

organization#3 | T2:4, 5
(0.3) (0.3) (0.4)

[0057] As shown above, for demand scenarios 1, 2, and 3, the production and the deviation
of utilization rate derived from each organization is simulated and derived. As a result, the
production of scenario 1 is less than the production of scenario 2 so that scenario 2 is not
selected. Organization 2 is selected as an optimal organization because in scenario 2, the
production is superior to the other scenarios, and the deviation of the utilization rates between

cells is the smallest.

[0058] Thereafter, in consideration of the tasks arranged for each cell, the step (S200) of

determining the sequence of cells through which a vehicle body matched for each mobility type
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pass is performed. In this step, the number of the vehicle bodies matched for each mobility to be
processed for each cell is determined, the number of the vehicle bodies matched for each
mobility body and moving between cells is determined, and the sequence of cells through which
each vehicle body passes is determined. In addition, it is possible to determine the sequence of
the cells though which each vehicle body passes such that the required production for each
mobility type is satisfied and the moving distance of the vehicle bodies between the cells is
minimized. In consideration of the maximum work time of each cell, the type of task that can be
performed in each cell, and the preceding and following relationship between tasks, the

sequence of the cells through which each vehicle body passes can be determined.

[0059] Thus, a modeling is used, an optimal production plan is derived to meet the
production target, and an optimal solution is derived in a short time through a mathematical

optimization modeling.

[0060] The determinant variable of the modeling is the number of vehicle bodies for each
mobility type, each process, and each cell, and the number of vehicle bodies moving between
cells for each mobility type and each process. An objective function is to maximize the demand
satisfaction and to minimize the moving distance. The constraints can be the maximum work
hours for each cell, a process that can be performed for each cell, and a sequence for each

process.

[0061] As a result, in the process of FIG. 1, when a total of 136 units are required to be
assembled, 136 units are allotted in serial lines, and, in T/F CONVERTIBLE line which is

parallel line, 70 units are allotted in processes 1,2,3, and 66 units are allotted in processes 4,5, 6.

[0062]  Accordingly, it is possible to plan a cell route which each vehicle body has to travel as

follows.
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Table 5

Vehicle body Vehicle information Cell movement route

vehicle body#1 vehicle type1-Spec. 1 1—...—9—>10—11—>12—...
vehicle body#2 vehicle type1-Spec. 1 1—...—09—13—>14—15—...
vehicle body#3 vehicle type2-Spec. 1 1—...—09—13—>14—15—...

[0063]  After that, in consideration of the sequence of cells though which each vehicle body
passes, the step (S300) of determining a feeding sequence for each type of vehicle body is

performed.

[0064] In this case, a plurality of predicted schedules, each predicted schedule different from
each other with respect to the feeding sequence of vehicle body, is set, and the predicted
schedule with the shortest total work hours among the predicted schedules may be selected as
the optimal schedule. In addition, a plurality of predicted schedules, each predicted schedule
different from each other with respect to the feeding sequence of the vehicle body, is set, and the
predicted schedule with the shortest waiting hours between the fed vehicle bodies may be

selected as the optimal schedule.

[0065]  In addition, it is possible to determine the feeding sequence for each type of vehicle
body in consideration of the moving hours and work hours for each vehicle body, the types of

task available in each cell, and the preceding and following relationship between the tasks.

[0066] In this step, the optimal feeding sequence and feeding time are derived from the
production plan, and the optimal solution can be derived in a short time through the

mathematical optimization modeling.

[0067]  The determinant variables of modeling may be the feeding sequence and feeding
time for each vehicle body, and the objective function can be to minimize the waiting time for

each vehicle body and to minimize the task completion time for all vehicle bodies. Constraints
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may include moving time of each vehicle body, task time, satisfaction of schedule such as work

hours, prohibition of simultaneous cell work, and restrictions on available AMR time.

[0068]  Accordingly, the following are the derived predicted schedules, and the optimal

schedule can be selected among them.
Table 6

Derived optimal schedule

Objective formula
Schedule Feeding sequence of vehicle body Total completion
time, Waiting time
schedule#1 1—3—10—4—2—>5—9—11—... g\(z)g?igll?{in
L ) schedule#2 3—1—>2—54—9—-6—12—524—... 701min, avg.omin
Dissatisfaction : .
schedule#3 22—51—-30—14—2—-7—8—... 664min, avg.2min
schedule#4 14—2—4—9—15—16—19—... 611min, avg.gmin
89min,
schedule#5 8—7—2—514—20—1>3—>5—... 251V;;).24min
Optimal . .
solution schedule#6 5—3—10—4—2—11—8—... 589min, avg.10min
schedule#7 10—31—1—4—2—8—>7—5—... 602min, avg.7min

[0069] As shown in the table above, among schedules 1 to 77, schedule 6 can be selected as

the optimal schedule because the overall completion time and the waiting time between

processes are short.

[oo70]  Then, when the vehicle body is fed according to a feeding sequence, a cell with

excessive utilization rate is detected. A feedback for reducing the utilization rate of the detected

cell is performed, and a step (S400) of reperforming preceding operations from the step of

arranging a necessary task for each cell is conducted. In other words, unlike simulation, in

reality, an unpredictable bottleneck may occur in feeding vehicle bodies and during the
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assembly process, and in this case, a feedback for reducing the utilization rate of a cell where the
bottleneck is occurring can be performed, and the process of reestablishing a schedule may be

performed (S500).

[o071] In this case, for a cell with a 100% utilization rate, it can be determined as an
excessive utilization rate. In the case of a cell with an excessive utilization rate, after limiting the
maximum utilization rate, it can be performed again from the step of arranging a necessary task

for each cell.

[o072] For example, in the following case, the utilization rate of cell 2 is 100%, and it is
7 p g

considered that a bottleneck occurs in cell 2. Therefore, the feedback is conducted and process is

reestablished.
Table 7
Cell Utilization rate Bottleneck M{:I).(lm.llm allowable
occurrence utilization rate

cell#1 95 - 100

cell#2 100 \Y 100—95

cell#3 88 — 100

cell#4 92 — 100

[0073] In this case, the maximum utilization rate of cell 2 is limited to 95% and the
optimization of task organization is reperformed, thereby fundamentally blocking the possibility
that a bottleneck occurs in cell 2 in the actual process. Therefore, by eliminating the bottleneck

period in real time, the maximum productivity can be maintained during assembly (S600).

[0074] FIG. 5 is a graph showing a result when an operation method of the cell based
mobility production system according to an embodiment of the present invention is applied. As

shown, the production decline occurs on day 3, but when the production plan is established or
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modified according to embodiments of the present invention and the same is applied, the
production recovers on day 4. In addition, it can be seen that even when the production target is
suddenly increased, such as on day 11, the production plan can be modified or established
according to embodiments of the present invention and the same is applied so that the

production can be increased immediately on day 11.

[0o075]  According to the method for operating a cell based mobility production system of
embodiments of the present invention, in operating a smart factory system that produces
various types of mobilities with a plurality of cells connected in series or in parallel, the method
can achieve maximum efficiency by reducing bottlenecks, produce various vehicle types with
one system, and quickly and accurately change cell layout and production plans even when

vehicle types or production targets change.

[0076]  Although shown and described in relation to specific embodiments of the present
invention, it will be obvious to a person of ordinary knowledge in the art that the present
invention can be variously improved and changed within the scope of the technical spirit of the

present invention provided by the following claims.
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WHAT IS CLAIMED IS:
1. A method for operating by a controller a cell based mobility production system which
produces various kinds of mobilities with a plurality of cells connected in series or in parallel,
the method comprising:

arranging a necessary task for each cell in consideration of a mobility production target
and a deviation of utilization rate between the cells;

setting a sequence of the cells through which a vehicle body matched for a type of
mobility passes in consideration of the task arranged for each cell; and

determining a feeding sequence of each type of vehicle body in consideration of the

sequence of the cells through which each type of vehicle body passes.

2, The method of claim 1, wherein arranging the necessary task for each cell is performed

such that the mobility production target meets a necessary production.

3. The method of claim 1 or 2, wherein arranging the necessary task for each cell is

performed such that the deviation of utilization rate between the cells is minimized.

4. The method of one of claims 1-3, wherein, in arranging the necessary task for each cell, a
plurality of predicted schedules in which tasks are arranged for each cell is generated, and
among the plurality of predicted schedules, the predicted schedule in which the mobility
production target meets a necessary production and the deviation of utilization rate between the

cells is minimized is selected as an optimal schedule.

5. The method of one of claims 1-4, wherein arranging the necessary task for each cell is

performed in consideration of a preceding and following relationship for each task.

6. The method of one of claims 1-5, wherein arranging the necessary task for each cell is

performed in consideration of tasks that have to be performed at a same time.

-20-



7. The method of one of claims 1-6, wherein arranging the necessary task for each cell is
performed in consideration of a task that can be performed for each cell and a task that cannot

be performed for each cell.

8. The method of one of claims 1-7, wherein setting the sequence of the cells is performed
by determining a number of each type of vehicle body to be performed for each cell, and

determining a number of each type of vehicle body moving between the cells.

0. The method of one of claims 1-7, wherein setting the sequence of the cells is performed
such that a necessary production for each type of mobility is satisfied and a moving distance of

each type of vehicle body between cells is minimized.

10. The method of one of claims 1-9, wherein setting the sequence of the cells is performed
in consideration of a maximum work time of each cell, a type of task that can be performed in

each cell, and a preceding and following relationship between tasks.

11. The method of one of claims 1-10, wherein in determining the feeding sequence of each
type of vehicle body, a plurality of predicted schedules in which the feeding sequence of each
type of vehicle body is different from each other is set, and, among the plurality of predicted

schedules, the predicted schedule with a shortest work time is selected as an optimal schedule.

12. The method of one of claims 1-11, wherein in determining the feeding sequence of each
type of vehicle body, a plurality of predicted schedules in which the feeding sequence of each
type of vehicle body is different from each other is set, and, among the plurality of predicted
schedules, the predicted schedule with a shortest waiting time between the vehicle bodies to be

fed is selected as an optimal schedule.

13. The method of one of claims 1-12, wherein determining the feeding sequence of each type

of vehicle body is performed in consideration of a moving time and a work time for each type of
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vehicle body, a type of tasks that can be performed in each cell, and a preceding and following

relationship between tasks.

14. A method for operating by a controller a cell based mobility production system which
produces various kinds of mobilities with a plurality of cells connected in series or in parallel,
the method comprising:

arranging a necessary task for each cell in consideration of a mobility production target
and a deviation of utilization rate between the cells;

setting a sequence of the cells through which a vehicle body matched for a type of
mobility passes in consideration of the task arranged for each cell; and

determining a feeding sequence of each type of vehicle body in consideration of the
sequence of the cells through which each type of vehicle body passes;

re-performing from the step of arranging the necessary task for each cell by detecting a
cell with an excessive utilization rate in feeding the vehicle body according to the feeding
sequence; and

sending a feedback for reducing the utilization rate of the detected cell.

15. The method of claim 14, wherein, the re-performing comprises determining, a cell

having a utilization rate of 100% as the cell with the excessive utilization rate.

16. The method of claim 14 or 15, wherein the re-performing from the arranging the
necessary task for each cell is performed after limiting a maximum utilization rate of the

detected cell.
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