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In this research, a fast analytical method has been devised to estimate
radio wave scattering by walls of high-rise buildings in large cities and window openings in those
walls. For this purpose, we considered that the Kirchhoff approximation (KA), one of the
high-frequency asymptotic analysis method, is the most appropriate, and we confirmed the accuracy of

the approximation and the calculation speed of the method by comparing the results with other
solution methods that have already been obtained. As a result, it was shown that KA can be
calculated very accurately when analyzing high-frequency scattering whose aperture is large compared
to the wavelength. Next, based on the formulation results of the electromagnetic scattering
analysis by a rectangular window on a thick conducting wall, the effect of the glass parameters,
such as the thickness and the material was examined.

Physical Op
tics



¢ X C—19, F—-19—1, Z—19, CK—19 dm)
1. WFZEBHAA S 4075 5

INFUE RS R SR IR R 1T X A B ENEIE AR BT, Fox OEIERE O PIZIXEIR N
H 5T, FIUCHE S THEHABEERO O Bty A7 A L DIRESCTH 2 L NI AMEKD 2%
O EREMEFEOMSHELEEZ T D, 29 LEYRICBW TEEE VAT AORKRE -
FIZBWT, ZOFERBERZIZIS C-E &m%@%ﬁ%ﬁmé Eix, Wb RS %
&<L@4®iw@@% ERAERMET D DICEERER L o TV 5D,

I DOEWRIE, %@@%%Hﬁmﬁ%%%%AI@L%@ CBERELZIT D, TDTD,
m%%@%w %5wi$@mﬁ B D EWHORESAAHEE I @m&ﬂ@hﬁ%z%&ﬁ
D B &m%%ﬁi R DA ST T i#i#@%ﬁ%@ 7o T
%TW5WﬁX%C)Cﬁ ’Fﬁt»@ﬁ%f%w%ﬂémﬁﬁﬁIAN%/%U VY
AT LR 2 DI - Y — tz%ﬁ LIZiERFEDZE XX ARy MU — 7 OFBREHIIL, KD
PR E R KRG TEEZOTEEAH L THRIT TE RV DT, EAOZEREECIEE K
DOALIEBELR % B 8 L 7 SRR 72 ZS [N 8 G & J5 0 LT @ G s DS B L 72 5,

WA, TEWIEE Om L, KRB, EHEREREL< 20 . WESBELRIZ S TH
RPN S L Te B &0 ANZ B L TR O RFTEE S B OEIRICE < BT 5 L 91270,
BIFRE DA O FHNIEEL < 7> TWB, ZBE LT-BET ¥ 1V E MR L, BEMAERE ORI
WEROTZLIFEETHITNE b, ZDODORLEELEE OB HEIE, A OEIERE
RCNE~DEBELBRESINDTZOBRITERETHD, MATERBEEEX 2 T4 LSRR
MBI ST ~DEIEIRZVITRET D RETH Y | SRITDEN L oL/ BERE(E )R
OEEENLEEND,

2. WO HBY

AWFFEIE, KA ZEMNC I8 2 @i 20 & b B 72 (G Ol E 0 — B A Oz m g T, mE g
%Tliht@%ﬁ@&mW%ﬁ B D2 ERAREO TR Z2 @& ICIT N, ORISR 2 A
mﬁrﬁé/XTA@%%%ﬁm&ﬁé

WFZEAR T S I, DRI D EE O BN @ 2 & 2 SIS E O 7 AR B %owtmﬂ
BT IR DWW CTAFZE L. & Ok 2 Fl 2 ORIBEICH L CHAE L C& 72, SEBEiIL, &
W OBELBLG & AR O S5, B & O 72 & OBELERRR 2 A G TR T 720, ﬁﬂ@%ﬁm
72,&/( A=V hOMPHERLT VY, Fiz, ROBELUZ R RBHRLE LTIV EI ZENTE D720

KREREMEXNRETDHEZICHLELIZOHIPMEROEELBMAL TEXDHENTESZ
w FHERF A2 KIBICAEHME CE 5, SRIOMFRIL, WEE TORREZ KICEEY &5 O E
BEfR. PN 72 5 O @%Mﬂ%%ﬁbf\é%m%§®%w%ﬁ&%%ﬁ®%ﬁ&%®ﬁﬁ
A=k

3. WHEDTTIE

ATl BGHEY S 2L —3a VOO NRGEBT LT XLAOBRENEL 2D, L
AT CHEICHREI A ME L STV D EED O BREM B OB ERIZHOWVWT, EBED @M
BHZ & B B < B E OB EFEBRIC L - T, ZOEE O AR E 2 st U, #2228
e LT ik B SN R O ZE N E R A o T, RGBS 2 L— 3 v EITH,
FIVERBEIC IS 5 FBR - AT O LS B A MK PR L BT L DYV SEAT O RS E R LR A AR
75, 29 LTELNRREE2KICEREND O EMEN R ELRH EOEEO =D DR &
WIEIB IR AT AL O R 2 B3, AT b 7 0 7' T ACoWn T, #iEE®R, #hr—4 s
WRRATRE R A SHETHRT KT 7 03 Y XA AEZREHT 5,

ARl HEEFZE I, JEATIFSE THIIWED R ST FiE %2 . BEEW 0@ 2 T 555 D TR
7R Ze L B A T, BN O B ARHE D FRNT D I 72 &9 BEMINER DS B AR~ B D
IZAN D BN~ FEIE T 5 BRI OMHTICDEA T2 D Th 5, FBUHHITEKIC I W C, B
B, REHE., EPTEZ2 O NSERBE O ENNEE LR 0E D, EERRGOATEHRT D
LN 2 AT A L BB XD, KR, ERNANOERBIRREE L 700 5 D0 T AEBEOMH
Ry K= @%ﬁ@W$%Lu0“Ti *&@ﬁﬁ TREL BT LREMND D DT, FEEE
DIEECHEIC L 2B LG 2,

4. WFIERE

PGS A 2RI, & D REEHIRO B OB 2 L <, 2O/ RE2 kT 57w s
LEBAF LT, FOBE, Rt BIE 2 MAGAATED, BRI VEMECR DT,
ZEB LW THER LT,

EEENEEC S D EMEEBA L CEOEE I EAUT 5 L, BN TOBELEZH S Z &
NHHEIZTE D —FH T, BN ~DOFZBRE O GoBEMNIOBEEE 2D ETIERE®LZ
WEROMRNERE L 725, £ 2 CEMEEZEHE Lo BEMEE L LT, JEAOH 8RBT



BRI A Y v b BEREEIT LD, ZRITAEED TR ALIC X 2 BRI BELRE, S5

XEH T A% BE L THERBEZHA LG ORI W T Lz, ZO/MRUATOL

IR F BT,

(7)) WA CIEEEC X 2 R DR IR < | BRREA RIF T BT A Hc < <L
FHIA~ORERTRL . 2 OE AT AR TOEETIC L D BELF W Z — o »NET
Do

() EHEEICRT DR EIE BPREDR S ORBEITHICC W, LA LEEZIBLIZEN~DE
W T, BEDE 72 D 5B Tl 7 NS AL E U 2o S FAIITIBIE L 72 et o0 25t 7 1)
ZHUDIS L TETE O THHS K D BEL S = AL 5,

(7) MIIWCERDD D
HREEIZB T S HIALIC
BT A% TE LI B
AN LT 556 O BERIE O
EL/SK — 2 Do Af & = IR I
WCFERLEFITHD, 22T
1 GHz O AF BRI IR LT
EOREEIT 1.0 mX22 m
DR E S CHEEIL 15 cm, B
OHFNIERIL 8 mm, i
TR 7.2-j0.1561 OH T A%
AL TS, &7
B &35 7 18 % I T
INE = PETLTTWNDE I EMN
LD,

(=) BEDEIT 1/5 W E
FREELINZ: & JEA DB R
i =R AR RSN TR
B O HHEE L TH LU,
) 2T R AT
T 5L AEROREICITEER
B O RENPN TR RA T,
B Hmo#ELIED L4
b, HT7ADBEXRM R LFE
RiT4~8THY | JEABLWEIZHRNTEFARIIKREL RO T, 7 ABIZBITDESTO
WEITIFEALEEZ RS THL LW, T AOFERBL/NSWOT, 7 AEOFHEIC
KAWL,

1 BEIZBA BB T A K D B GEL AR

L% & LT,

(7) BHEEEETLIHAOMNT 7 0 7T A~OMANIIK LT, il x 0B EICET S
FERE 7 WL ANGR & SRl . B RRICEE E ANVAAUTESAOHREEZFEL T2
DERDTREZEZDLENGD Z &,

1) BWOREZ= 7 ) — b ERBETH L BREFOFEBRLEZONDLDT, BREOMH
AR EEZET L L, BEEREZZRT BTV VWEEZ NI, ZOEIZHOWVWTIT
LSGHBRHTOIMNERSH D Z L,

(7)) AH%EZELU-EBEOGIRAETIE LT, 2 BEER (B2, —REfERo ™
BeRy) X T A, BB (B 20X, N L A NEREE) X, HRtex= )
T4 FERLZWEALH D, 29 LIEBREZHI#ET 5 X 5 eftiiaz o F<HEmD A
NIEBZETHERORVBEE VAT LAORFPEEL R B2 OND T &,

ENEZLND,

PLE®D X 91, ARIOWSE TR B ALTEFZERRIL, 4% b R 2 5 & B 5 /MU )G
BE2R D 72 8 O IEHEIE SR OB LT 2 R E T 5 BEO BIARKE O THISC\|IE > AT LA O
S AR VAT I CI29 d Wit

< 5| H TRk >

@O H. L. Bertoni, W. Honcharenko, L. R. Maciel, and H. H. Xia, “UHF propagation prediction
for wireless personal communications,”Proc. of the IEEE, 82(9), pp.1333-1359, 1994.

@ H. L. Bertoni, Radio Propagation for Modern Wireless Systems, Prentice Hall, NJ, USA,
2000.

5. TR EIR %
(BFZEf g, WFFEoy 3 L ONEEERFZE4E (21X AR

mx) GF 16 1)

Bt
k=18

[;FLE:AD



(
)

K. N. Nguyen and H. Shirai, “High Frequency Diffraction by Rectangular Hole in a Thick
Conducting Screen -H Polarization Case-,” Proc. of 2019 Photonlcs & Electromagnetics
Research Symposium, CDROM.

DOI: 10.1109/PIERS-Spring46901.2019.9017710

K. N. Nguyen and H. Shirai, “High Frequency Diffraction by Thick Loaded Conducting
Slits -H Polarization Case-,” Proc. of 2019 IEEE International Symposium on Antennas
and Propagation (APS/URSI 2019), CDROM.

DOI: 10.1109/APUSNCURSINRSM.2019.8888920

T. Q. Ngoc and H. Shirai, “High Frequency Asymptotic Evaluation of PO Integral for EM
Scattering from PEC Circular Cylinder,” Proc. of 2019 International Conference on
Electromagnetics and Advanced Applications, CDROM.

DOI: 10.1109/ICEAA.2019.8879334

R. Sato and H. Shirai, “Fundamental Analysis of Electromagnetic Wave Scattering from
Multi-layered Window Glass in Multi-frequency Band,” Proc. of 2019 International
Conference on Electromagnetics and Advanced Applications, CDROM.

DOI: 10.1109/ICEAA.2019.8879383

Vel st—, B 72, SRR ED 2 5D T T v 7 b O BRI RGELIZBE 3 5 T,
EHREETS ERAHERITIES, MHERER, EMT2019-49, pp.261-264.

M. D. Nguyen and H. Shirai, “Uniform Asymptotic Solution For Conducting Wedge
Diffraction Based On Physical Optics Current,” Proc. of 2020 IEICE General Conference,
C-1-1, CDROM.

N. Q. Ta and H. Shirai, “A Field Equivalence between Physical Optics and GO-Based
Equivalent Current Methods for Scattering from Circular Conducting Cylinders” IEICE
Trans. Electron., Vol.E103-C, No.9, pp.382-387, 2020.

DOI: 10.1587/transele.2019ECP5048

K. N. Nguyen and H. Shirai, “High Frequency Diffraction by a Rectangular Hole in a
Thick Conducting Screen —E Polarization Case—,” Proc. of 2020 IEEE International
Symposium on Antennas and Propagation, CDROM.

DOI: 10.1109/PIERS-Spring46901.2019.9017710

K. N. Nguyen and H. Shirai, “E Plane Wave Diffraction by Window Aperture on a Thick
Conducting Wall,” Proc. of 2020 IEEE International Conference on Advanced
Technologies for Communications, CDROM.

DOI: 10.1109/ATC50776.2020.9255450

R. Sato and H. Shirai, “Approximate analysis of EM wave scattering from two cracks on
a ground plane,” Proc. of 2020 ISAP International Symposium on Antennas and
Propagation, CDROM.

DOI: 10.23919/I1SAP47053.2021.9391425

K. N. Nguyen, H. Shirai and H. Serizawa, “Electromagnetic Scattering Analysis from a
Rectangular Hole in a Thick Conducting Screen,” IEICE Trans. Electron., Vol. 104-C, No.
4, pp.134-143.

DOI: 10.1587/transele.2020REP0001

N. Q. Ta and H. Shirai, “High Frequency Asymptotic Evaluation for Electromagnetic
Scattering from a Circular Conducting Cylinder —E Polarization —,” Proc. of 2020
International Conference on Communications and Electronics, CDROM.

DOI: 10.1109/ICCE48956.2021.9352043

N. Q. Ta and H. Shirai, “GO-Based Equivalent Current Formulation for Scattering from
Circular Conducting Cylinders and Strips,” Proc. of 2021 International Conference on
Electromagnetics and Advanced Applications, CDROM.

DOI: 10.1109/ICEAA52647.2021.9539677

H. Shirai, “Extended Physical Optics Approximation for Electromagnetic Wave
Scattering from Penetrable Objects,” Proc. of XXXIV General Assembly and Scientific
Symposium of the International Union of Radio Science, CDROM.

D. M. Nguyen, H. Shirai and S.-Y. Kim, “Uniform Asymptotic Solution for Dielectric
Wedge Diffraction Based on Equivalent Currents,” Proc. of XXXIV General Assembly and
Scientific Symposium of the International Union of Radio Science, CDROM.

DOI: 10.23919/URSIGASS51995.2021.9560354

Veig se—, A 2%, “BURTAR BICRIT SNz 2 2 U v b & HBIED b O Wik Eig
OEE - E REANOGAE-" EFIFRBETS ERAERITES, FESEER
EMT2021-6(2021-05), pp.31-34.

oK) GE 14 1)
N

K. N. Nguyen and H. Shirai, “High Frequency Diffraction by Rectangular Hole in a Thick



®

Conducting Screen -H Polarization Case-,”2019 Photonlcs & Electromagnetics Research
Symposium, Rome, Italy.

K. N. Nguyen and H. Shirai, “High Frequency Diffraction by Thick Loaded Conducting
Slits -H Polarization Case-,” 2019 IEEE International Symposium on Antennas and
Propagation, Atlanta, USA.

T. Q. Ngoc and H. Shirai, “High Frequency Asymptotic Evaluation of PO Integral for EM
Scattering from PEC Circular Cylinder,” 2019 International Conference on
Electromagnetics and Advanced Applications, Granada, Spain.

R. Sato and H. Shirai, “Fundamental Analysis of Electromagnetic Wave Scattering from
Multi-layered Window Glass in Multi-frequency Band,” 2019 International Conference
on Electromagnetics and Advanced Applications, Granada, Spain.

Vefg st—, B3 %, “SEERVEWR ED 2 507 v 7 b OB BELC BT 5 LRI
B #EETS B RIS,

M. D. Nguyen and H. Shirai, “Uniform Asymptotic Solution For Conducting Wedge
Diffraction Based On Physical Optics Current,” 2020 IEICE General Conference.

K. N. Nguyen and H. Shirai, “High Frequency Diffraction by a Rectangular Hole in a
Thick Conducting Screen -E Polarization Case-,” 2020 IEEE International Symposium
on Antennas and Propagation, Montreal, Canada.

K. N. Nguyen and_H. Shirai, “TE Plane Wave Diffraction by Window Aperture on a Thick
Conducting Wall,” 2020 IEEE International Conference on Advanced Technologies for
Communications (ATC 2020), Nha Trang, Vietnam.

R. Sato and H. Shirai, “Approximate analysis of EM wave scattering from two cracks on
a ground plane,” 2020 ISAP International Symposium on Antennas and Propagation,
Osaka, Japan.

N. Q. Ta and H. Shirai, “High Frequency Asymptotic Evaluation for Electromagnetic
Scattering from a Circular Conducting Cylinder -E Polarization-,”2020 International
Conference on Communications and Electronics.

N. Q. Ta and H. Shirai, “GO-Based Equivalent Current Formulation for Scattering from
Circular Conducting Cylinders and Strips,”2021 International Conference on
Electromagnetics and Advanced Applications.

H. Shirai, “Extended Physical Optics Approximation for Electromagnetic Wave
Scattering from Penetrable Objects,” XXXIV General Assembly and Scientific
Symposium of the International Union of Radio Science.

D. M. Nguyen, H. Shirai and S.-Y. Kim, “Uniform Asymptotic Solution for Dielectric
Wedge Diffraction Based on Equivalent Currents,” XXXIV General Assembly and
Scientific Symposium of the International Union of Radio Science.

g st—, Ak 72, BRPR RIS O BET 2 AU v B & HTEED D Ok
WOHE, —EREAFH OGS - S EREETS SRR

(E) G 0 1P

(PEZE M PEHE)

ORI G 0 1)
OBFIRI. G 0 1)

(& k)

UFDOHR—=LR—
http://www.elect.chuo-u.ac.jp/shirai/

(ZHFFEERE & & WD o T IERR T 2 4Bl L T D,

6.

I ik

(DAFgEs

Ty mE K4 - Vefk 72—

1 —~<5K4 : SATO Ryoichi
ArE i seasEa4 - FriE R
R4 NS RER
W4« Hof%

WrotE TS (8 #7) : 00293184

KBTI L WP, FEFE OAR L BREICE WV TERT 25O TT, £, MFROEMOHFEMRR D NFKFI
SWTIE, EOEFEFICES bo TR TONZERRICHT 2 AIELHEMEL, MHEEHACRESNET,



12 10 0 0

TA Ngoc Quang, SHIRAI Hiroshi

E103.C

A Field Equivalence between Physical Optics and GO-Based Equivalent Current Methods for
Scattering from Circular Conducting Cylinders

2020

IEICE Transactions on Electronics

382 387

DOl
10.1587/transele.2019ECP5048

NGUYEN Nam Khanh, SHIRAI Hiroshi

High Frequency Diffraction by a Rectangular Hole in a Thick Conducting Screen -E Polarization
Case-

2020

Proc. of 2020 IEEE International Symposium on Antennas and Propagation

DOl

NGUYEN Nam Khanh, SHIRAI Hiroshi

TE Plane Wave Diffraction by Window Aperture on a Thick Conducting Wall

2020

TE Plane Wave Diffraction by WindowProc. of 2020 IEEE International Conference on Advanced
Tecnologies for Communications

DOl

TA Ngoc Quang, SHIRAI Hiroshi

High Frequency Asymptotic Evaluation for Electromagnetic Scattering from a Circular Conducting
Cylinder -E Polarization-

2020

High Frequency Asymptotic Evaluation for Electromagnetic Scattering from a Circular
ConductinProc. of 2020 International Conference on Communications and Electronics

DOl




NGUYEN Khanh Nam SHIRAI Hiroshi SERIZAWA Hirohide

E104.C

Electromagnetic Scattering Analysis from a Rectangular Hole in a Thick Conducting Screen

2021

IEICE Transactions on Electronics

134 143

DOl
10.1587/transele.2020REPO001

SATO Ryoichi, SHIRAI Hiroshi

Approximate Analysis of EM Wave Scattering From Two Cracks on a Ground Plane

2021

Proc. of 2020 ISAP International Symposium on Antennas and Propagation

657-658

DOl

K. N. Nguyen and H. Shirai

High Frequency Diffraction by Rectangular Hole in a Thick Conducting Screen -H Polarization
Case-

2019

Proc. of 2019 Photonlcs & Electromagnetics Research Symposium

DOl

K. N. Nguyen and H. Shirai

High Frequency Diffraction by Thick Loaded Conducting Slits -H Polarization Case-

2019

Proc. of 2019 IEEE International Symposium on Antennas and Propagation

DOl




T. Q. Ngoc and H. Shirai -

High Frequency Asymptotic Evaluation of PO Integral for EM Scattering from PEC Circular 2019
Cylinder

Proc. of 2019 International Conference on Electromagnetics and Advanced Applications -

DOl

R. Sato and H. Shirai -

Fundamental Analysis of Electromagnetic Wave Scattering from Multi-layered Window Glass in 2019
Multi-frequency Band

Proc. of 2019 International Conference on Electromagnetics and Advanced Applications -

DOl
ENMT2019-49
2 2019
261-264
DOl
M. D. Nguyen and H. Shirai -
Uniform Asymptotic Solution For Conducting Wedge Diffraction Based On Physical Optics Current 2020

2020 -

DOl




9 0 8

NGUYEN Nam Khanh, SHIRAI Hiroshi

High Frequency Diffraction by a Rectangular Hole in a Thick Conducting Screen -E Polarization Case-

2020 IEEE International Symposium on Antennas and Propagation

2020

NGUYEN Nam Khanh, SHIRAI Hiroshi

TE Plane Wave Diffraction by Window Aperture on a Thick Conducting Wall

2020 IEEE International Conference on Advanced Tecnologies for Communications

2020

TA Ngoc Quang, SHIRAI Hiroshi

High Frequency Asymptotic Evaluation for Electromagnetic Scattering from a Circular Conducting Cylinder -E Polarization-

2020 International Conference on Communications and Electronics

2020

SATO Ryoichi, SHIRAI Hiroshi

Approximate Analysis of EM Wave Scattering from Two Cracks on a Ground Plane

2020 ISAP International Symposium on Antennas and Propagation

2021




K. N. Nguyen and H. Shirai

High Frequency Diffraction by Rectangular Hole in a Thick Conducting Screen -H Polarization Case-

2019 Photonlcs & Electromagnetics Research Symposium

2019

K. N. Nguyen and H. Shirai

High Frequency Diffraction by Thick Loaded Conducting Slits -H Polarization Case-

2019 IEEE International Symposium on Antennas and Propagation

2019

T. Q. Ngoc and H. Shirai

High Frequency Asymptotic Evaluation of PO Integral for EM Scattering from PEC Circular Cylinder

2019 International Conference on Electromagnetics and Advanced Applications

2019

Sato and H. Shirai

Fundamental Analysis of Electromagnetic Wave Scattering from Multi-layered Window Glass in Multi-frequency Band

2019 International Conference on Electromagnetics and Advanced Applications

2019




2019

(Sato Ryoichi)

(00293184)

(13101)




