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Abstract This study proposes a digital twin implementation method through simulation so that the
manufacturing process can be optimized in a manual manufacturing site. The scope of the proposal
is a knowledge management mechanism that collects manual motion with a sensor and optimizes
the manufacturing process with repetitive experimental data for motion recognition. In order to
achieve the research purpose, a simulation of the distribution site was conducted, and a plan to
create an optimized digital twin was prepared by repeatedly experiencing the work simulation
based on the basic knowledge expressed by the worker's experience. As a result of the experiment,
it was found that it is possible to continuously improve the manufacturing process by transmitting
the result of configuring the optimized resources to the physical system by generating the
characteristics of the work space configuration and working step within a faster time with the
simulation that creates the digital twin.
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Fig.1. Digital twin subcomponents
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Fig. 2. Digital twin data connection for replicating a walk motion
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Table. 1. Parameters for constraining the virtual
model behavior

Operation Motion constraints
Type
Walking Walking speed and finish point, walking

distance

Number of hands grasping, Reach distance,
Standing position, Grasp points

Place position, Place surface, Model stance
for placement, Reach distance, Grasp points
Carry speed, Start position, Carry stance,
Carry surface, Grasp points

Picking Object

Placing Object

Carrying Object
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Data:  key joints control points; Smoothness target;
max iterations;
Result: spline with control points

If smoothness target not achieved then
For spline in [catmull-rom; cubic B; degree 4 B]
while 1
iterations++;
create spline;
evaluate smoothness;
if smoothness target then
output = spline;
Break;
else_if max iterations then
| Break;
else
| adjust control points values
end
end
end
end
Fig. 3. Motion constraints algorithm
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Table 2. Results of recognising motion

H(ilrgr;t W(i';ht Walk Pick Carry Place
12/ 20/
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Actor 2| 168 | 74 | Y1 19 g0 | 1520
20 20
18/ 20/
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A mHoz R Be4 $Aow 720N
= dlojelo] sgeks wAl Aoto] AET A

a) Warehouse environment
Fig. 4. Experimental setup
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