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Abstract: This study presents a phased robotic automation strategy for the textile industry to achieve
fully unmanned production. Key textile processes were identified across upstream, midstream, and
downstream stages, and standard process models were developed to enable robotic substitution of
manual tasks. To address challenges in integrating legacy textile machinery with advanced robots, a
robot-equipment integration framework was established, including interface design for synchronized
operation. The study further incorporates advanced robotic technologies such as Al-based quality
prediction, smart grippers for flexible materials, vision systems for grasp point detection, and
AR/VR-based operator guidance. Robot task feasibility and cycle times were verified through
DELMIA and Delfoi Robotics simulations, and economic viability was evaluated via ROI analysis.
Field demonstrations confirmed improved productivity, reduced defects, and enhanced operational
safety. The proposed approach offers a scalable solution for smart manufacturing and digital

transformation in the textile sector.
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[Fig. 1] Textile Industry Stream Structure!”

[Table 1] Development of Process Model in Textile Industry
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No. Process model name
1 Bobbin removal and installation process
2 Yarn test/inspection process
3 Fabric roll transfer process
4 Leather transfer process
5 Bobbin transfer/loading process
6 Solution supply/input process
7 Product pickup transfer process
8 Product packaging process
9 Plastic packaging process
10 Cart loading process
11 Fabric/roll installation process
12 Sheet transfer/loading process
13 Operation guide process
14 Production product loading/unloading process
15 Reinforcing material injection process
16 Production product alignment packaging process
17 Textile printing process
18 Textile material attachment process
19 Fabric winding and transfer process
20 Fiber parts assembly and inspection
21 Selective injection of chemical solutions
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[Fig. 2] Yearly Status of Process Model Development
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[Table 2] ROI analysis of bobbin transfer/loading process

Based on 4™ year Unit Value
ROIL % 1243

PP year 3.35
NPV 1,000 KRW 54,140

IRR % 1.83

[Table 3] ROI analysis of sheet transfer/loading process

Based on 5™ year Unit Value
ROI % 257.0
PP year 1.40
NPV 1,000 KRW 453,982
IRR % 65.7

[Table 4] ROI analysis of product packaging process

Based on 2™ year Unit Value
ROI % 139.3
pPp year 1.45

NPV 1,000 KRW 85,300

%

1.83
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2. Bobbin Release

4. Unpacked Bobbin Grasp 5. Bobbin Transfer

[Fig. 4] The simulation results of bobbin transfer/loading process
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[Fig. 5] Design of sheet transfer/loading process
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[Fig. 6] The simulation results of sheet transfer/loading process
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[Fig. 8] The simulation results of product packaging process
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[Fig. 14] Validation loss of the transfer learning model
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[Fig. 22] Results of objects detection using YOLOV3

[Table 5] Results on the my algorithm to extraction griping point

Index Class Accuracy point (x,y)
1 cup 99% (119, 101)
2 remote 93% (192, 315)
3 remote 92% (180, 293)

[Fig. 23] Results of extraction coordinate point. YOLOV3
(upper) and extraction of the gripping point (lower)
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[Fig. 26] AR glass dyeing equipment augmented reality display
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[Table 6] Distribution status of domestic textile industry robot
demonstration companies

No. Process model name No. of
processes

1 Bobbin removal and installation process 2
2 Fabric roll transfer process 8
3 Leather transfer process 1
4 Bobbin transfer/loading process 5
5 Solution supply/input process 1
6 Product pickup transfer process 7
7 Product packaging process 6
8 Plastic packaging process 2
9 Cart loading process 4
10 Fabric/roll installation process 3
11 Sheet transfer/loading process 5
12 Operation guide process 1
13 Production product loading/unloading 1
14 Reinforcing material injection process 1
Total 17
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