THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. 2026 April; 37(4), 360~ 369.

http://dx.doi.org/10.5515/KJKIEES.2026.37.4.360
ISSN 1226-3133 (Print) - ISSN 2288-226X (Online)

dejn|Ejg} vl d <relte] A A e SAS 37 s o) x|t
A3 7|0 ZAIAY Ao AL

AL
=]}V
r. [e3
-

Bayesian Optimization-Based Maximum Radiation Point Measurement System
for Millimeter-Wave Array Antennas
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Abstract

In this study, a data-driven variable importance-based Bayesian optimization system was developed for the maximum radiation point
measurement of UMFUS devices. To address the inefficiencies of conventional omnidirectional scanning, variable importance analysis
through multiple methodologies based on empirical data and adaptive acquisition function transitions was applied. Performance
verification using a ground truth dataset of 8,043 measurement points from a 4-axis positioner demonstrated that variable
importance-based Bayesian optimization achieved 0.28 dB performance improvement and 52 % stability enhancement over pure Bayesian
optimization. With 150 measurements achieving a target performance of 99.3 %, the system showed an efficiency improvement of
approximately 30x over an exhaustive search. When combined with the early termination convergence detection system, the average
convergence at 99 iterations achieved a 50.5 % time saving. The developed system provides a practical solution that significantly reduces
measurement time and cost while satisfying international regulatory standards in RF certification environments.
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. System layout of the measurement setup in the
anechoic chamber.
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Fig 2. Progress-based acquisition function transition strategy.
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Table 2. Measurement parameter settings and resolution.
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Table 3. Results of variable importance analysis.
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Table 4. Overall performance comparisor.

Performance . Importance-
metric Pure Bayesian weighted Improvement
Mean EIRP | 30.65+0.27 dBm | 30.93+0.13 dBm | +0.28 dB
True value
achievement R.5 % 99.3 % +0.9 %p
rate
Win rate 0 0
+H 0,
(10 trials) 20 % (2/10) 80 % (8/10) 60 %op
fferations 10| 693,37 5 384175 | —224 %
95 % o o .
Iterations to _ 0
98 % 117.2425.8 93.2+19.4 20.5 %
Performance Cen o
Std. Dev. 0.27 dB 0.13 dB 52 %
Convergence e o
Std. Dev. 25.8 19.4 25 %

Convergence Curve Comparison (10 Experiments)

Best EIRP (dBm)

—— Pure Bayesian (mean)
—— Variable-Importance Bayesian (mean)

) )
Number of Measurements

d8 6. ¢ FA v
Fig. 5. Comparison of convergence curves.
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Table 5. Comparison of efficiency by measurement method.
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