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• Introduction 
– 최적화(Optimization)란무엇인가
– 최적화, Machine Learning 과 AI

• 마이크로파에너지응용을위한 ML 
– Automatic Impedance Matching
– Multi-modal Data & Learning
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• Optimization Algorithm
• 다양한곳에서등장하는최적화기법

[ CST Optimizer for Filter Design ]

[ 지도의최단/최적경로산출알고리즘 ]
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• Optimization
• The problem of finding a set of inputs 
• To an objective function that returns a max or min value.

➔ Derivatives of Multivariate Function  

[ 2차함수(Convex, Concave) 의최대값, 최소값 ] [ 3차함수 g=f(x,y,z) 의 Visualization ]
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• 최적화, Machine Learning 과 AI 
• Machine Learning : 계산으로규칙, 기준을정량적으로획득
• 가장간단한 1차함수로규칙을표현한다면?

𝑦 = 𝑤1𝑥1 + 𝑤2𝑥2 + 𝑤3𝑥3

• 𝑦 값이정해진기준보다크면→ Pass
• 𝑦,𝑤, 𝑥, 𝑏는숫자혹은행렬

𝑤1: weights
𝑏1: bias

➔ Derivatives of 
     Multivariate Function              
     (including vectors) 

[ Perceptron Model (Minsky-Papert, 1969) ]
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• 최적화, Machine Learning 과 AI 
• Machine Learning : 계산으로규칙, 기준을정량적으로획득
• 가장간단한 1차함수로규칙을표현한다면?

𝑦 = 𝑤1𝑥1 + 𝑤2𝑥2 + 𝑤3𝑥3

• 현재이규칙이얼마나정확한가?➔ Loss Function
• 최적의규칙을찾는과정➔ Optimization

[ Optimization 과정의개념도 ]
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• 최적화, Machine Learning 과 AI 
• Machine Learning : 계산으로규칙, 기준을정량적으로획득
• Artificial Intelligence (인공지능) 이되려면?

[ 머신러닝및인공지능훈련에들어가는연산수 ]

https://ourworldindata.org/grapher/artificial-intelligence-training-computation
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• Automatic Impedance Matching
• iPhone 4 

• If you ever experience this on your iPhone 4, avoid gripping it in the lower 
left corner in a way that covers both sides of the black strip in the metal 
band, or simply use one of many available cases.

[ iPhone 4 의안테나성능문제로인한속도저하현상 ]
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• Automatic Impedance Matching
• Patent – Qualcomm, 2013

See, P. H., & Zhang, X. (2015). U.S. Patent No. 9,054,756. Washington, DC: U.S. Patent and Trademark Office.



한국전자파학회 2023 하계종합학술대회

11

• Automatic Impedance Matching
• Patent – Apple, 2017

Hu, M., Zhang, H., & Mucke, C. W. (2017). U.S. Patent No. 9,693,238. Washington, DC: U.S. Patent and Trademark Office.
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• Automatic Impedance Matching
• Patent – Samsung, 2021

Sakong, M., Shin, D. R., Lee, Y. J., Jeong, S. T., & Jung, J. W. (2021). U.S. Patent No. 10,998,622. Washington, DC: U.S. Patent and Trademark Office.
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• Automatic Impedance Matching
• LUT (Look Up Table) : 개발은어렵지만, 효율적임

See, P. H., & Zhang, X. (2015). U.S. Patent No. 9,054,756. Washington, DC: U.S. Patent and Trademark Office.
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• Automatic Impedance Matching
• Speed & Accuracy required for high-power system
• Problem: How to design circuit & control elements 
• Both requires high-level domain knowledge

Jurkov, A. S., Radomski, A., & Perreault, D. J. (2020). Tunable matching networks based on phase-switched impedance modulation. IEEE Transactions on 

Power Electronics, 35(10), 10150-10167.

Jurkov, A. S., Radomski, A., & Perreault, D. J. (2017, October). Tunable impedance matching networks based on phase-switched impedance modulation. 

In 2017 IEEE Energy Conversion Congress and Exposition (ECCE) (pp. 947-954). IEEE.
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• Automatic Impedance Matching
• Impedance can be matched only when after measuring I-V. 
• What if we know total process and estimate it?

Jurkov, A. S., Radomski, A., & Perreault, D. J. (2020). Tunable matching networks based on phase-switched impedance modulation. IEEE Transactions on 

Power Electronics, 35(10), 10150-10167.
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• Automatic Impedance Matching
• What kind of data do we need? 

• Is the measured data optimal solution? or local max/min? 
• Requires quantization (up to few bits)
• Phase ambiguity 

Jurkov, A. S., Radomski, A., & Perreault, D. J. (2017, October). Tunable impedance matching networks based on phase-switched impedance modulation. 

In 2017 IEEE Energy Conversion Congress and Exposition (ECCE) (pp. 947-954). IEEE.
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• Automatic Impedance Matching
• Impedance Compressing Matching Network (ICMN)

• Two frequency, Two-port network approach
• We want to find lowest reflection, from possible frequency range

Chung, E., Ha, J. I., Al Bastami, A., & Perreault, D. J. (2021). Impedance compressing matching network based on two-port network analysis for wireless power 

transfer system. IEEE Journal of Emerging and Selected Topics in Industrial Electronics, 3(3), 432-442.
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• Automatic Impedance Matching
• Impedance Compressing Matching Network (ICMN)

• Evaluation : two cost function
• Maximum reflection coefficient
• The sum of maximum stored energy per unit power (kVA/kW, Power Factor)

• How to get optimal solution, when we have two different objectives?

Chung, E., Ha, J. I., Al Bastami, A., & Perreault, D. J. (2021). Impedance compressing matching network based on two-port network analysis for wireless power 

transfer system. IEEE Journal of Emerging and Selected Topics in Industrial Electronics, 3(3), 432-442.
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• Automatic Impedance Matching
• Pareto Optimal – Multi-objective Optimization

• How to find pareto front? (a set of optimal solutions)

• Genetic algorithms are most popular solution.
• If scales are getting large, GA fails to converge.

Navon, A., Shamsian, A., Chechik, G., & Fetaya, E. (2020). Learning the pareto front with hypernetworks. arXiv preprint arXiv:2010.04104.
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• Multi-modal Data & Learning
• Optimization is to find an input for an objective function.
• An input data may not be in form of microwave : Turntable!

Jin, H., Wang, J., Kumar, S., & Hong, J. (2019, October). Software-defined cooking using a microwave oven. In The 25th Annual International Conference on 

Mobile Computing and Networking (pp. 1-16).
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• Multi-modal Data & Learning
• Thermal camera provides a feature to the algorithm.
• Objective : uniform heating to sample space
• Limitation: single material (rice / bacon)

+ Detection, Classification, Segmentation ?

Jin, H., Wang, J., Kumar, S., & Hong, J. (2019, October). Software-defined cooking using a microwave oven. In The 25th Annual International Conference on 

Mobile Computing and Networking (pp. 1-16).

Input (Image)

Loss Function 

(Objective) 

Output



한국전자파학회 2023 하계종합학술대회

22

• Multi-modal Data & Learning
• Performance Metric : stability & linearity

• Recipe (Objective function) can be defined by user

Jin, H., Wang, J., Kumar, S., & Hong, J. (2019, October). Software-defined cooking using a microwave oven. In The 25th Annual International Conference on 

Mobile Computing and Networking (pp. 1-16).
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• Multi-modal Data & Learning
• Data modality is various.

• Unbalanced feature space
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• Multi-modal Data & Learning
• Network should be designed by the characteristic of data.
• Pre-training for each modality required.
• Concatenation of latent feature vectors
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• Multi-modal Data & Learning
• Sentinel-1, Sentinel-2, Land Use, RGB, DSM*
• Benchmark dataset for remote sensing

Hu, J., Liu, R., Hong, D., Camero, A., Yao, J., Schneider, M., ... & Zhu, X. X. (2023). MDAS: a new multimodal benchmark dataset for remote sensing. Earth 

System Science Data, 15(1), 113-131.

*Digital Surface Model
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• Multi-modal Data & Learning
• GPS, Radar, Lidar, RSSI
• For accurate beam alignment

Alkhateeb, A., Charan, G., Osman, T., Hredzak, A., Morais, J., Demirhan, U., & Srinivas, N. (2023). DeepSense 6G: A large-scale real-world multi-modal sensing 

and communication dataset. IEEE Communications Magazine.
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• Multi-modal Data & Learning
• Given UE position, the beam prediction gets more accurate.

Morais, J., Behboodi, A., Pezeshki, H., & Alkhateeb, A. (2022). Position aided beam prediction in the real world: How useful GPS locations actually are?. arXiv 

preprint arXiv:2205.09054.
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• Multi-modal Data & Learning
• Machine learning depends on the data.
• 직접데이터를살펴보는것은데이터를획득한방법에관계없이
늘좋은연습 (공부)가됨.

http://karpathy.github.io/2014/09/02/what-i-learned-from-competing-against-a-convnet-on-imagenet/
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Thank you

Department of Radio & Information Communications Engineering

CHUNGNAM NATIONAL UNIVERSITY
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