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Introduction

* Optimization Algorithm
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Introduction

» Optimization
* The problem of finding a set of inputs
» To an objective function that returns a max or min value.

=» Derivatives of Multivariate Function
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Introduction

« X|X3} Machine Learning 2} Al
« Machine Learning : Mo = &l J|&2 HEHOZ ==
o JIEZICHSE 1A} SHA R XIS TS SHCHH?

Y = WX + WyXy + W3X3

« y 0| Fol{Tl 7|ZELCH 3™ 5 Pass =) DEAVELMES @f
y w0l hEl 71 Multivariate Function

(including vectors)

yv=Wx+Db

& w;: weights
3 b;: bias

[ Perceptron Model (Minsky-Papert, 1969) ]
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Introduction

« X[XM3} Machine Learning 2t Al
Machine Learning : Mo 2 &l J7|&2 MPXMO=Z 2=
o 71& ZIERSH R} et 2 &S B OHEHH?

Y = WX + WyXy + W3X3
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Introduction

« X|X5} Machine Learning 2} Al
« Machine Learning : AlAQ 2 341 7]

« Artificial Intelligence (2/2 X|s) 0| &|2{H"

Computation used to train notable artificial intelligence systems

Computation is measured in total petaFLOP, which is 10°* floating-point operations.
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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.
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« Automatic Impedance Matchin
« Patent — Qualcomm, 2013

a9

United States

See et al.

a2 Patent Application Publication (o) Pub. No.: US 2013/0069737 Al

(43) Pub. Date: Mar. 21, 2013

(54)

73)

(73)

@n

22

(51)

ADAPTIVE TUNING OF AN IMPEDANCE
MATCHING CIRCUIT IN A WIRELESS
DEVICE

Tnventors: Puay Hoe See, San Diego, CA (US):
Xiangdong Zhang, Westford, MA (US)

Assignee: QUALCOMM INCORPORATED. San
Diego. CA (US)

Appl. No.: 13/236,423

Filed: Sep. 19, 2011
Publication Classification

Int. C1.

HO3H 7738 (2006.01)

(52) US.
USPC .. 33332

(57) ABSTRACT
Techniques for adaptively tuning an impedance matching
cireuit are disclosed. Tn an aspect, the impedance matching
circuit is pre-characterized. The performance of the imped-
ance matching circuit is determined for multiple settings of
the impedance maiching circuit, stored in memory, and used
1o tune the impedance matching circuit. In anather aspect, the
impedance matching circuit is tuned based on measurements
for one or more parameters such as delivered power, return
loss, power amplifier current, antenna/load impedanc
an exemplary design, an apparatus includes a memory and a
control unit. The memery stores information for multiple
settings of an impedance matching cireuit, The control unit
selects one of the multiple settings of the impedance match-
ing circuit based on the information for the multiple settings
and measurements for the impedance matching circuit. The
impedance matching circuit performs impedance matching
for a load circuit (¢.2.. an antenna) based on the selected
setting,
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Publication number

Patent Citations (14)

Priority date

Family To Family Citations

Publication date

Assignee

Title

* Cited by examiner, T Cited by third party

JPHO4368022A * 1991-06-14 19921221 Kokusai Electric Co Ltd Antenna matching circuit and antenna matching method employing the
JPHOB195684A * 19950118 1996-07-30 Anritsu Corp TEREDESER
JP414009882 * 19981020 2008-08-27 PR PrrIRESLUREHER
KR10Q35844481 199900 002:10. SAFIFEL S Al IAL £0i 241 x43iz10] otEll | A A4
Jpood Patent Citations (14)
JP20 Publication number Priority date Publication date ~ Assignee Title
o Family To Family Citations
JP20)
JPHO4368022A * 1991-06-14 1992-12-21 Kokusai Electric Co Ltd Antenna matching circuit and antenna matching method employing the
Usso same
s JPHOB195684A * 19950118 1996-07-30 Anritsu Corp SRR SRE
Usso! JP4140098B2 * 1998-10-20 2008-08-27 Vo—Ba it TrFFRESLUREHEEHN
JP20 KR100358444B1 1999-07-27  2002-10-25 | FR 454 B P4 FE17|2) Qte|Lt 0HE AR
P20 JP2006325163A * 20050520  2006-11-30 Toyota Industries Corp
JPS6 JP2008011341A 2006-06-30 2008-01-17 Matsushita Electric Ind Co Ltd
"ol KR10072626081 * 2006-0807  2007-06-08 ARSI
JP2008061116A * 2006-09-01 2008-03-13 Toyota Industries Corp BEREME T LTRSS
USB072285B2 2008-09-24 2011-12-06 Paratek Microwave, Inc. Methods for tuning an adaptive impedance matching network with a look-
up table
JP4894836B2 2008-09-30 2012-03-14 BEFI I v ey K T RERERUEOMESE
USB072272B2 2009-08-19 2011-12-06 Qualcomm, Incorporated Digital tunable inter-stage matching circuit
JP2011130372A * 2009-12-21 2011-06-30 Hitachi Kokusai Electric Inc WEH
JP2011109708A * 2011-01-31 2011-06-02 Panasonic Electric Works Co TREREM
JP567209882 2011-0318 20150218 ELESL SRt EERERE

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

Patent — Apple, 2017

St EXIIISLS| 2023 SHAIEE e

a2 United States Patent

Hu et al.

(o) Patent No.:
(45) Date of Patent:

US 9,693,238 B2
Jun. 27,2017

(5%) DYNAMIC ANTENNA TUNING FOR FOREIGN PATENT DOCUMENTS
MU

1LBAND MULTH-CARRIER WIRELESS

SYS

10504726 A 112018
it 162015206642 Al 102015
(Continued)

Inc.. Cupertino, CA (US) ]

[ (1) Applicant: Apple

anyvale, CA (US);
CA (U8},

(72) laventors: Mg H
Hainkng
Christian W. Mucke,
s)

8 |

OTHER PUBLICATIONS

Japanese Application for lnvention No. 2015084489 Office Action

(73} Assignee: Apple Inc., Cupertino, CA (US) dated Aps. L. 2016

(Continued)
(*) Notie:  Subject 1o any disclaimer, the term of this
paleani i exiended o

US.C. 154(h) by 1%

Primary Examiner — David Bilodeau
(21} Appl. No. 14257915 (74) Auarney, Agent, or Firm — Downey Brand LLP
(22) Filed  Apr 21,2014

(65) Prior Publication 7 ABSTRACT

US 20150305035 Al Oct. 2

(51} Int. L
HO4W 2402 (2009.01)
L 1 (2006.01)
OB 115 (2006.01)
(52) US.CL
I HO4W 242 (2013.01); HO4B 10458

(2013.01); HO4B 118 (2013.01)
(58} Field of Classification Search

one
See application file for complete search history.
(56} References Cited

U.S. PATENT DOCUMENTS
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FIG. 4

Hu, M., Zhang, H., & Mucke, C. W. (2017). U.S. Patent No. 9,693,238.
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« Automatic Impedance Matching
Patent — Samsung, 2021 MEASURE IMPEDANCE I——510

O 00O O 0 MATCHING AREAT’
US010998622B2

a2 United States Patent (10) Patent No.:  US 10,998,622 B2
Sakong et al. (451 Date of Patent: May 4, 2021

(54) ANTENNA FOR WIRELESS
COMMUNICATION AND ELECTRONIC
DEVICE INCLUDING THE SAME

(56) References Cited

ULS. PATENT DOCUMENTS

1) Applicant: Samsung Llectromics Ca., Lid., 700,127 B2 82006 C
Gyeomai-do (KR) S022568 B2 92011 K
i ! (Contin
TTIT Taventors: ST Sakong, Oye Pukdo (KR );
‘von. FOREIGN PATENT DOCUMENTS
Jae 1 Jeong, s ~550
:\.:m‘l.‘n‘“ﬂ:k (KR): Jin Woa Jung, o o e
Continned)
(73] Assignee: Samsung Electronics Co., Ltd
OTHER PUBLICATIONS
(*) Notice:  Subject 1o any disclaimer, the term of this
pitent is extended or adjusted under 35 Intermational Search Report dated Nov. 9, 2017 issued in couster-
US.C. 154(b) by 190 days. jpan application No. PCT'KR2017/ 007887, 3 pages.
(Continued)
(211 Appl. No.: 15/636,669
(22) Filed  dul 21,2017 Priutary Examiner — Awat M Salih
(74) Aitorney, Agens, or Firm — The Farrell Law Firm,
(65) Prior Publication Data PC.
US 20180026361 Al Jan. 25, 2018
7 ABSTRACT
60 Forcign Application Priority Data A communication method p < in an electronic device
Jul 21, 2016 (KR) 10-2016-0002871 “; ¢ ar
Mar. 28, 2017 (KR} corrrceronns 10-201 700309558 o de
or w ” cding
(51) Int. €L h the conductive patiern, a ground unit
HOIQ 1724 (2006.01) ith the conductive pattern, a first in
HOIQ 300 (2006.01)

(Continued)

(521 US. €L
P HOIG 200 (201301, HOIQ 1243
(2013.01); HolQ 1245 (2013.01). HOIQ 1/48
(2013.01), HO4E 13838 (2013.01)

(58) Fleld of Classifieation Search

ast one of the first impedance
i ing circuit

ng and d
1010 §30: 1101Q §7335; HOIGQ 9/24; b @ closeckloop oo
H01Q 1/245: TOIQ 1148; HO4B 113838
See application file for complete scarch history 14 Clalms, 19 Drawing Sheets

FIG. 6B

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
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« LUT (Look Up Table) : 7HH2 H{EX|2t 2252
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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

Input Filter Output Filter
(High Q)

Gas _fL

- IPhase-Switched
| Capacitor
i

Em lllll.[.l.].\ e
| | PSIM C)

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?
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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?

* |s the measured data optimal solution? or local max/min?
* Requires quantization (up to few bits)
» Phase ambiguity

Test Load Cogcll]uitlon Frequency

Case (Q) ((f(:;’ ¢ (MHz)
A 19.1 +i32.3 0 13.18
B |203+jl1.62 0 13.99
C 17.9—-113.6 144.8 14.37
D | 991 +j24.7 182.8 13.36
E 9.61—71.10 195.1 13.97
F 10.0-316.3 194.6 14.38
G | 540+j31.6 210.6 13.06
H | 3.97+j0.98 218.8 13.81
K | 533-j118 206.2 14.18 S—C k. S

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

+j1.0

f

Minimum |/] trajectory

L

Magnitude of
reflection coefficient, |/]

N

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.

REMI LAB 17 @:g Zs Y St

CHUNGNAM NATIONAL UNIVERSITY



SHEFAHIISES| 2023 StAISEEta s

—

to| 320t oflL{X| S8 913t ML

« 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?

3.0 'A 6
2.4} ﬁ -
C LT
S 181
ol
Q = reactive 8 1.2 o
power (kVar) -
(Q =S sin &) 0clm |
W PSS -
¢ = PF angle W S/P B KC
) = 0.0 T L L i 3
Power factor =cos ¢ | = cal power (kW) 0.0 06 1.2 1.8 2.4 3.0
P= S cos ) Cost 1 : Zrma

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.

18 g.;:&i‘ ZS i shm
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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.

1.75] —— epoch 10 0.8

1.50- —— epoch 20 ‘
£ —— epoch40  © 0.7]
21.25] —— epoch80 @&
N o

epoch 110

éLm‘ éae
=075 L T s

0.50- e

0.5 1.0 06 0.7 0.8 0.9
Task 1 loss Task 1 acc.

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

2

= TXIINSED| 2023 SHAIZ S S

ML
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ot

» Optimization is to find an input for an objective function.
« An input data may not be in form of microwave : Turntable!

No Turntable Default Turntable

4 7T

SDC Uniform

Heating

~Ts

o

SDC Arbitrary Heating

Vi

A

!M obiCom
& | ‘ '

& - Thermal camera

- s

=l /-
Programmable |
turntable

*Visual camera

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 ?

Desired heating | (1) (/006"

pattern
Heating @ Output
gap .
—

Adjust rotation
plan

no rotation

Heating status

default rotation

Heating power

*

® Update heating power map

Input (Image)

SDC

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
« Performance Metric : stability & linearity

Average/Std temperatures across the heating journey

Thermal trajector for 9 discrete points and the input recipe
70 1

70+

(=2}
o
L
[=)]
o
s

-
-
et

w
o
L

N

-4- no rotation
0 -+4-- default rotation
-4-- SDC

w
o
i

--- Paoint-3 —-=- Point-6
—-—- Point-0 --- Paoint-4 Point-7
--- Point-1 —~=~- Point-5 —=- Point-8
=== Point-2

temperature (°C)
B w
o o
‘\
#
-
\\\\
\\\
)
\\\\
\
.l\
e
1
1
1
1
Il‘ll
L}
Iy
1y
1
1\
[N
1\
-+
temperature (°C)
s U
o o

N
o
¥
N
o
.

=
o

=
o

0 20 40 60 80 100 120 0 20 40 60 8 100 120
time (s) time (s)

* Recipe (Objective function) can be defined by user

Recipe geometry SDC without accessories SDC with accessories Microwave susceptor §

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.

-4
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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

DL Module 1
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*Digital Surface Model
* 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.
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* Multi-modal Data & Learning
« GPS, Radar, Lidar, RSSI
* For accurate beam alignment

Scenario 37

DeepSense 6G é LLI | Wireless Intelligence Lab

Data Selection

Front Camera Right Camera

A
7

Front Beam Power hs Right Beam Power

Left Beam Power 7, Back Beam Power

Left Camera Front Radar Right Radar Back Camera

.-

e : Left Radar il 3 Back Radar

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.

. . . Lookup Table Lookup Table
9 [ K-Nearest Neighbors 7 64
I Neural Network
l, FU
8 . IS
R =0
‘ s}
7 KNN ]
- =
0 £ =3
&0 o. @
6 ) 2 08 Q.
2 < i 9
2 ‘\ S o X 4 0.6 0.8 0 8'
5 5 b g normalized e
; : e %
24 T 0.4
A g Neural Network g
\\ 0 02 —
~‘~ g-
L 0.8 @
3 .. %% oz o0& 0s 08 10 —q:; =
8ot Dormalized =
2 g
= 04
H
1 °0 g
1 1 1 1 1
0 10 20 30 40 50 60 0.0 1
0.0 0.2 0.4 0.6 0.8 1.0
Top-1 Beam Prediction Accuracy [%] g4, Normalized
(a) Top-1 accuracy comparison on every Scenario. (b) Scenario 6 prediction maps.

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
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« Machine learning depends on the data.
- 2 HI0|HE 2= A2 0| S 25t 2| 2HAS10]
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snack food || sandwch.
Thotdog, hol dog. red hot

|

Show answer

Show Qooghe prasiction Nmbww bhefturger, burger|

»ﬂﬂawVw*Iﬂnmls
e |

hotdog, hat deg, fed hat

[ holdog, hot dog. red hot

' cheeseburger
L

GoogleNet predictions
hotdog, hot dog, red hot

Ioe Crearm, icecream

coru wanum

buckeye, horse chestrut, conkar
Franch loaf
cheesaburger

dessert, sweet, abers [frozen dessert]

o T s o)
FEx~sTaks mme

HI

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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