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As Al transformation expands in manufacturing, intelligent technologies are increasingly applied to CNC machine tools and
machining processes. In multi-product, small-batch production environments, frequent product changes require flexible and
autonomous process planning. This study proposes a standard data integration-based intelligent process planning system
that automatically performs the entire process from 3D model input to NC code generation. To enable intelligent process
planning, data across all stages—from feature recognition to machining execution—must be integrated into a unified flow
and connected with Al-based decision-making. The proposed system uses an ISO 14649-based XML schema to
sequentially link data generated by each module, ensuring standardized information flow. Based on this framework, rule-
based feature recognition, constraint-based process planning, and machine learning-based cutting condition optimization are
implemented. A prototype system was developed to validate the approach, automatically generating NC code for industrial
parts and performing actual CNC machining. Experimental results confirmed the feasibility and validity of the proposed
system. This study demonstrates that standardized data integration combined with Al technologies can enable autonomous,
flexible, and efficient process planning for advanced manufacturing environments.
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Table 2 Machining conditions for experiments

(a) 1*" Experiment

Spindle speed Feedrate
[rev/min] [mm/min]
2500 750
2600 850
2700 950
2800 1050
2900 1150
3000 1250
(b) 2" Experiment
Spindle speed Feedrate Ap Stepover
[rev/min] [mm/min] [mm] [%]
2500 750 50
2600 850 : 60
2700 950 70
2800 1050 2 80
2900 1150 3 90
3000 1250 100

Table 3 Acoustic features and extraction parameters

Domain Feature Parameters
Time RMS energy -
Zero crossing rate -
Spectral centroid -
Frequenc Spectral rolloff roll percent = 0.85
quency Spectral bandwidth -
Spectral contrast n bands = 6
Cepstrum MFCC n mfce =13
Pitch-based Chroma STFT n_chroma = 12
Tonnetz chroma feature
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Table 4 Libraries of the integrated system

Category Library
Geometry trimesh, Shapely
Computation SciPy
ML/ Signal scikit-learn (D]ii)f(il:,n%?;izﬁ (;restRegressor),
XML xml.etree. ElementTree, xml.dom

Fig. 7 Experimental environment for machining data acquisition
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Fig. 8 Screen shot of prototype program
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(a) Example feature in Inventor

PTECEMETT
v<closed_prof i le_shape type="bounded_curve">
v<curve_data>

v<trimmed_curve type="trimmed_curve">

Measure X

v Selection 1 (Edge)

Radius 7.500 mm v<position type="axis2_placement_3d">
w<location type="cartesian_point™>
Diameter 15.000 mm <x>22.500002395383287</ x>
<y>-17.500000378608263</y>
Length 11.781 mm <2>0.0</2>
</location>

Angle 90.00 deg »<axis type="direction™>

¥ Center Position ok
</axis>

X Position 22.500 mm »<ref_direction type="direction">

Y Position -17.500 mm </ref_direction>
position

Z Position 0.000 mm radius>7,4999987446524505</radius>
T T>5-3130 255087 TT T

» Advanced Properties

<trim_2>-1.5707966428704851</tr im_2>
<is_clockwise>True</is_clockwise>
Done </tr immed_curve>

»<polyline tvpe="polyline">

(b) Screen shot of CAD design and XML feature

Fig. 9 Comparison of arc detection results between CAD and XML

P )
(a) Line plot of (b) Scatter plot of
surface roughness predicted-measured

Model | N_estimators | Max_depth | Min_samples_split | Structure

Random ’ 100 20 | 5 Ensemble

Forest

(c) ML model configuration

Index Performance
MSE 0.0114 um?
RMSE 0.049 pym
MAE 0.082 um
R?2 0.893

(d) Prediction performance comparison

Fig. 10 Surface roughness prediction model evaluation results
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(b) Machining results

(a) ProCNC simulation
of target geometry
= ™ = 5
General outside profile 100.00 * 95.00 99.92 % 95.04 0.07 9 0.775 6
Closed pocket 60.00 * 50.00 59.96 * 49.92 0.06 9 03 5
Round hole 1 ©30.00 30.10 01 11 1.095 7
Round hole 2 9 15.00 | 1497 0.03 | 9 06 6
Round hole 3 2 15.00 | 1497 0.03 | 9 05 | 6
Round hole 4 ©15.00 15.00 0.00 ~5 0.7 6
Round hole 5 ©15.00 | 14.97 0.03 | 9 12 7
Mean 0.0457 8.7 0.739 6.14

(c) Summary of machining quality evaluation

Fig. 11 CNC machining results

, Figs. 11(a) &
11(b)e} o] AJLHo] A5 Ji*;,@ NC iﬂ—g ProCNC 7}-3-

e A4 2 Raf S Yol B
1ol Aelskdr. %3 2t 5
F B 5E), N614(0.80]5} %

ol AE/L AY glol A5 AR

AR Fhgell M 8T 5 e pEY

O_L
L1}
i
N
—
H
o0
3
=
1o,
=
N
©
AR

fle ol
Jor o2l

5. 22
B AToAL STL 94 deivrom A4 214, 34 A,
QA AA8, B4 A4, NC RS Fe7Ie] ONC A

o~

A7 3RAE dAE XFE Y= T AT Alade
stk 2 79k B4 A Aok 71ek 3 A g

FOR M} s ﬂiﬂ Fom, 5% 7| A &
A g7t mds 3 AR AY dolEE vvte R Ak
23 Fahich. ek ohzt A oFIEIAE VRte R
Z2EEQ] A AFS Jfdste] 7 mEEE Y= XML 2
T2 7Rt AlEstal, o8 S A4dE NC =5 CNC

N
e

PRzl A gate] Alokel 29 HEA
A7E Fo) e Axde

o
AxYole] B@} A|4jo] AgI=lojof T 7HEEHH
/\]_.Q_ T A4H, A 9 7}_:_1431: s gxq ZAFZ
o gele] ARHOR Ao RN YA ULALORE NC
=233 o] THsTHE o] F9lom, olg g



June 2026 /539

ol 2 == A E HEAGO T H]§ SHAA D &
7} e Aoz s|Ec). £t STL EWo 2 CAD AZE

9o} 7 v]E 3}t I CAD-CAM 33 EA|S 3|45}, STL
719} 1SO 14649 712 §AF 229 3 A7 7+ FAF A

W owske] MEgAe Ad 4 otk ot A 34 150
14649 7|8F XML=Z E3lslo] 2-83to =24, CAD, CAPP,
CAM 5 th4e] ALEg o] 28] 2 Ju SHste )45t
3, dlole] AsAS shastel AAlelA g Abole] AAHe
4 AhE 7FsskA at.

chet & qAolx kel WA Q14 Z1%-E IS0 146499 7]
£ 25D HEERRA §9S theglone, §F oAb
FBEARY A Rk W4k 214 Wale] I )

[e]

1
A =st] A&l & BA =

0¢

wre] 934l A el 7%
2 o wash ek EW Aokl A2Re 48 SRS
0 I L

o]7] #fsfl STEP-NC tjo]&|¢}
A

LM 1Alste] 34 A7 24 nwsksie a7g 495t
3 9lon], Ra of50] QAFAAY S4S A gdtol AR
48 5 TR B4 wolzo| tiat Alo] 24 Shuska
NS ok AFE Aasit,
ACKNOWLEDGEMENT

B ATE AIEAAARS] A7 U AE ERAE
Aol AUoz SRS EAE: AZoR st Az
LLM &7 443 AL 719 A& A7 A S9E 714No
2410015743)].
REFERENCES

1. Yoon, J. S., Park, I. H.,, Lee, D. Y., (2025), A review of
intelligent machining process in CNC machine tool systems,
International Journal of Precision Engineering and Manufacturing,
26(9), 2243-2268.

2. Al-wswasi, M., Ivanov, A., Makatsoris, H., (2018), A survey on
smart automated computer-aided process planning (ACAPP)
techniques, The International Journal of Advanced
Manufacturing Technology, 97(1), 809-832.

3. Hirayama, T. Nakatsuji, H., Nishida, I, (2024), Automated
process planning system considering machining feature
recognition suitable for end-milling using CAD models in STL
format, Journal of Advanced Mechanical Design, Systems, and
Manufacturing, 18(7), 1-12.

4. Besharati-Foumani, H., Lohtander, M., Varis, J., (2019),
Intelligent process planning for smart manufacturing systems: a

state-of-the-art review, Procedia Manufacturing, 38, 156-162.

10.

11.

12.

Tonejca, L., Trautner, T., Slimane, E., Peso, N., Zulehner, J.,
Bleicher, F., (2024), Automated design of experiments supporting
feature-based optimisation of manufacturing processes, Procedia
CIRP, 130, 1611-1616.

Simoni¢, M., Pal¢i¢, 1., Klanénik, S., (2025), Advancing
intelligent toolpath generation: A systematic review of CAD—
CAM integration in industry 4.0 and 5.0, Strojniski vestnik -
Journal of Mechanical Engineering, 71(9-10), 328-336.

ISO 14649-1, (2003), Industrial automation systems and
integration — Physical device control — Data model for
computerized numerical controllers — Part 1: Overview and

fundamental principles.

Lee, J. W., Yeo, C. M., Cheon, S. U, Park, J. H., Mun, D. H.,
(2023), BRepGAT: Graph neural network to segment machining
feature faces in a B-rep model, Journal of Computational Design
and Engineering, 10(6), 2384-2400.

Nishida, 1., Shirase, K., (2018), Automatic determination of
cutting conditions for NC program generation by reusing
machining case data based on geometric properties of removal
volume, Journal of Advanced Mechanical Design, Systems, and
Manufacturing, 12(4), 1-9.

Stathatos, E., Benardos, P., Vosniakos, G. C., Gross, D., Spiceker,
H., Gotlieb, A., (2026), Large language models for high-level
computer-aided process planning in a distributed manufacturing
paradigm, Robotics and Computer-Integrated Manufacturing,
100, 103233.

Gwon, T., Kwon, O. J., (2023), A study on artificial neural
network learning using decimal data of CNC cutting conditions
for aluminum, Journal of Industrial Technology Research, 28(1),
25-34.

Cevik, Z. A., Ozsoy, K., Ercetin, A., Sariisik, G, (2025),
Machine learning-driven optimization of machining parameters
optimization for cutting forces and surface roughness in micro-
milling of AlISi10Mg produced by powder bed fusion additive
manufacturing, Applied Sciences, 15(12), 6553.



540/ June 2026

Si Woo Park

B.Sc. candidate in the School of Mechanical
Engineering, Kyungnam University. His
research interest is intelligent manufacturing
system and machine data analytics.

E-mail: rightime0220@gmail.com

Joo Sung Yoon

Associate Professor in the School of
Mechanical Engineering, Kyungnam Uni-
versity. His research interest is smart
machine tool system and intelligent machin-
ing process.

E-mail: jsyoon@kyungnam.ac.kr



