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T. Mitani, Shogo Kawashima, and Naoki Shinohara, “Direction-of-Arrival Estimation by
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Injection-Locked Magnetron Based on Full Wave Voltage Doubler”, 19th International
Vacuum Electronics Conference, Monterey, USA, Apr. 24-26, 2018.

- ENARBERC KL > TEBLI-ELSE
HEEEPRICE, TRV ARETOERNEELLUVERBREEZMNL-OIZ. BEOTHEZEZET

lElectromagnetic Theory (BRi5x¥) | # & U RF Circuits & Systems (RF [BIf& - X T L) |
DHEZZZHEIETHEIV:, BEEEBE 17500 EBARIYEVNS, EL5NESELEIC3
AV HAHH, REMICEIEE 150 nDEREZZE L=, ERSFOERIARLEEKRICHREE
Fihé LE-EBERATHY . 2EOFMTAMEHERTRA MIMA T, BEEEKR IO+
THEMNHAE STz, ZREITOD ) M, ZERENEREFF > -EMKFICEET 5HmX%E
FELTEBENTRRI DLV BATH =, . ETAMEORDERTIE. TR LDE
EERANLAIZEZ@BRTHEVSEKXEL >TUWV =, RFERK - DXATLATIE, K YEBRNEESR
BXEG-THY RFEROEBROCEEARICET IBRICNMATKENS AU REZHELT
WHEES S 2 L—2%FAL RF RIRFRETDEZES L UBEBENREBE SN, SEREIALD
BEOZETORRTHEIERITENL, KYAMUE3539 T4 THRBEREREZRELIZLY,

- EHIRBERZES LI-SROER

SEDENARRRTRIBLIEIERE. AEDENYDEZEMUTH--. ARSI OLETFEE
[CEVWTER—ATEBRTEGWVW RS TILEHBRLECEAHY . RALGARDHITEETHE
RTELZEDH o BITHEMDSD T TILDFEHRAASERIZIX. BRLOSEFELELHY.
AIREGEETYR— b5 2Dz, BATREMIENLEETHoTHLBINTIEESH
BIZEWABWIEZRRBRTELEILRFEEGRRTHY .. SROMREHZSHREFLEIC
LEMLEL,



ORFEEFR
wm B &:
7 2
K 4 -

MERESL:
E f # M

OEMEIHFER

ES| %
o 25 4% BE 4 -
MEESRLF:

ZAMEESR :

O Wi

My research topic during the visit by the John Mung
program was “Study on energy supply and transfer system
resilient to disasters”, and | conducted a study on wireless
power transfer via microwaves to realize electric energy
supply for emergency situations. Wireless power transfer is
used in our daily life in these days for charging mobile phones,
automatic toothbrushes, etc. Microwave is a sort of
electromagnetic waves and it is commonly used for wireless
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communication, radar, microwave heating etc. My research

group is studying on wireless power transfer systems via
microwaves to deliver electricity wirelessly over a long
distance. Research issues of wireless power transfer systems
via microwaves are divided into three parts: transmitting
system, antennas and propagation, and receiving systems. |
focused on the receiving system during the visit.

Figures 1 and 2 show the building and laboratory at
University of Florida I visited. Figure 3 shows a photo of Prof.
Jenshan Lin (right), the hosting researcher at University of
Florida and me (left). University of Florida is one of the
biggest state university in USA. The numbers of students and
staffs are more than 52,000 and more than 31,000,
respectively. University of Florida has 16 colleges including
engineering, agriculture, medicine, dentistry, art, etc. The
main campus is quite huge and it takes more than 1 hour to

Figure 3

walk from end to end of the campus. One of the most
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surprising experiences was to see gators living in the lakes,
ponds, and creeks in the campus, as shown in Figure 4. During
the visit, | joined lectures “Electromagnetic theory” and “RF
Circuits & Systems” in the fall semester while studying, in
order to understand undergraduate education at University of
Florida. In addition, | really enjoyed watching college sports,
especially football games, as shown in Figure 5.

A study outcome during the visit is development of a
retrodirective system utilizing harmonic reradiation from a
rectenna (receiving antenna plus rectifying circuit). In the
retrodirective system, a pilot signal is transmitted from the
receiving system to the transmitting system and the radio waves
are transmitted back from the transmitting system to the
direction-of-arrival of the pilot signal. Energy transfer
efficiency can be improved by applying the retrodirective
system to the wireless power transfer systems. The Figure 5
retrodirective system utilizing harmonic reradiation from a
rectenna is a new retrodirective system for long-range wireless power transfer applications, such as
low-power or battery-less devices. The second harmonic generated by the rectifying circuit is used
instead of a pilot signal, and thus an oscillator for creating the pilot signal is not required. From
measurement results, the direction-of-arrival errors of the second harmonic was within the range of
—2.4° t0 4.8°.

The study outcome was presented at the international conference “Wireless Power Transfer
Conference 2018 in Montreal, Canada, this June, and submitted to the international journal of IEEE
Transactions on Microwave Theory and Techniques (currently under review). Also a related research
outcome was presented at the international conference “19th International Vacuum Electronics
Conference” in Monterey, CA, this April. As future works, the developed retrodirective system will be
applied to the energy supply and transfer system resilient to disasters through improvement of the
direction-of-arrival errors and field tests under harsh conditions against wireless power transfer and
detection of the second harmonic. In addition, I’m planning to start up an international research
collaboration with Prof. Yu-Te Liao, who was also a visiting scholar during my visit at University of
Florida, National Chiao Tung University, Taiwan. The research topic will be “Study on wireless
power transfer via microwaves from a drone to sensors”. | visited Prof. Liao’s laboratory just after
finishing the John Mung program this September. Prof. Liao and | will keep in touch to continue the
international research collaboration.

The most important thing | experienced during the visit is to create social connection. Lots of
people helped me when | was in trouble in/out of the campus. | will share the experience through the
John Mung program to students and young researchers to convey the importance and enjoyment of
overseas research.




