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Field Estimation in Closed Space Based on Ray Tracing Method
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This thesis is concerned with electromagnetic field estimation in the closed space
such as tunnel, underground and so forth. The analysis is based on the ray tracing
method (RTM), which is an approximate numerical method on the basis of the principle
of geometrical optics. Application of RTM is simple but the result is effective
when the dimension of scattering objects is large enough compared with the
wavelength. The main objects of this thesis are that first we check the accuracy
of RTM in comparison with other methods and next we apply it to field estimation
in tunnel and underground.

Chapter 1 describes the background of this investigation. Mobile communications
are now playing an important role in the information-oriented society where
everybody wants to communicate with anyone everywhere at any time. As a result it
has become important to study the electromagnetic wave propagation characteristics
in the closed space such as tunnel, underground, office room and others

In chapter 2 finite volume time domain (FVTD) method is summarized. The FVID method
is a purely numerical method and its advantage is flexible applicability to
complicated structure while its disadvantage is requirement of much computer
memory. This FVTD method is used to check the accuracy of RTM in chapter 4 when
it is applied to uniform 2D tunnels with arbitrary cross section.

In chapter 3 the ray-searching algorithm based on the imaging method is
summarized. First curved walls are approximated by combination of flat plates in
order to determine images easily, and next images of these plates, including higher
order of images, are determined step by step. The main feature of this method is
described as it yields accurate rays but it takes much computation time especially
for complicated 3D structures. A few procedures are proposed to reduce computation
time.

In chapter 4 the accuracy of the RTM is discussed in comparison with the results
obtained by other methods for 2D tunnels with arbitrary cross section. First the
RMT solutions are compared with the rigorous solution for a circular tunnel, and
next they are compared with the FVID solutions for rectangular and semi—circular
tunnels. It is shown that the RTM solutions allows considerably accurate numerical
results if the plate width and the curvature radius are greater than 20 A.

In chapter 5 RTM is applied to field estimation in the uniform tunnel with
arbitrary cross section as well as in the underground with parallel ceiling and
floor. It is demonstrated that these two types of closed structures are quasi—3D
and then the ray tracing can be completed in almost 2D fashion, which saves much
computation time. Numerical results are in good agreement with the experimental
data.

Chapter 6 is the conclusion of this thesis and some future problems are described.

WINEOER
(Fnxx)

ZOIIT b e TEZE OB U ERINERREHE IOV TIHRRTNWS, fiF
HrCIZ RIS S T RIBY R LA« P L—REEZHANWTWS, 205 I E




THDHN, BEROTENEE LIV o REVWEEHEDE LD, ZOmMXOTEELRADN
X, FTHMOFIELORBIZEY LA « NL—RAEOREELEZET L2 L, RICh U3
SO TS O PA U 7= EEIN OB RBREHEE IS AT 5 2 L TH D,

1 EIAMIEOE R EZRRITND, WOTHLEZThiftE THBE LW EDER
W< 72 5 Z OFHRIEAESICH - T, BEMAEE ORENIRE VW, TOFRER, brx,
W, 47 4 AEOA U EMNERAIRICET 2R EE L 72> TL 5,

B 2ETIL FVTD {EOBMEZ R TW5, ZOFEFZELEEMRETHY, Z0E
PrIEMERTRICRIRICEATE 22, —HEMME LTRED IV Ea—FAE ) %
PS5 L Thbd, ZOFEE, 4ZICBWTEERREIE 2> 2 kot b o Rkt
LCTHEAL, LA« FL—REOKEZFHARLDITHNTN S,

FHIETIIAA—VIEICESS VA BERT N T ALOWEEZ BTN DE, £T A4 A
—VOWREERB AT 2, B D 72 DEEM Z EE O TR THEEL L, ROERD b
DETEDTAA—Th—H—BREL YT, TOFIEOFHE L TE, BlEO L
A &5 2% —07, M 3RITHEE T % L CIRRHER A KIBICHERT 52 L Th 5,
HAEBMEMKOTZ DDV DD HFELRTND,

BATETIELA « P L —REOKEIZONT, (LEWHZ R 2 Kt b v 2Tt L
T, MOTFiELEOHBIZE > THEm L TW5D, £TMIE b xmicx LTRSS & O
WA TN, WIS R RV E R R R LR LT, FVTD fif & O il 217> T 5,
ZORER, LA« FL—RAEPTEROFESCHELEN 20 AU EO L E, BEOR W
MREEZDZEEHALMNT L,

BH5ECTIE, LEBROWIHEZ Lz —kk b v 3V LUK & R PAT 70 M P
LA« FL—2EZBEHA LTS, ZLOMEITI3IRTTIEH LN, HEIRILESD
FPMRIELWEETHY ., 2RTEOHED VA RBEMIELOEFICHTE D, o
CRIEAEREIIRIEICEM e 72D, £o, LA« ML —REOFFERKBE L ERERE
L= 2 A, MBEDEBMNRELS —T 5 Z &3 B Lz,

FBOEIIZOMILDELOTHD, Flo, SRICEINZHEICOWTHIRRTN D,

i ST A R

Z O THE. PRSI NSO U1 ZEMIC BT 2 B sk EOHEE R, L
A+ FU—RRIZHESEDRINIT O 720, 72D bR EHRIZEDREICONT
EERL RIZ 3D b Lol NS IO U CRIE R OBk 25 Z L2 HME L
THRRIIE 2 T 72, ZOMRO FERFBERITKRO L BY TH D,

BOADEFEAEBDO—2TH D LA « F L —REF, FE LY HoREWTEOBELA
WA THD, LrL, brRUEEORELRIZOWTIL, REARHRENR LD 5T,
ZZT2D b RMIHONT, MEDOYA OREREERR OYA O FVTD HfifE &
DR AT o712, TORE. U FVBERFEIEE D L & ZO~EN 2 0 RERE
T, EoMimBED L X ZOMBLEN2 OEEL ET, LA« FU—RERKEORN
Btz 5252 L #HLMNZ LT,

EHMBLANOEE R, 3D b AR FHEEEIZ OV T, LA - L —REDF
HEFOIE E A EN LA DIFERICESSESND DT, HEEDNEMEIC2 DT &G R T8
KT 5, ZOMBEEBRT D720, 2O TIXFHREMEFEOT VT Y X LAERE
L7z, ZOHER, EERREm 2 FFo— 8k b o R0 R I &R DAT 72 H R 123 A
T&E%, T 2D LA Z PR L, IRITHEEOFREZFIH LT 3D LA IZHE L., ik
BIZ 3D MICERREZHAET 200 TH S, ZOFIEIC LV HERR 2 KIgICEHET 5
ZENHREE ol Flo. ZOFIEOFIEEHEND DD, — b EFy s
PRAWEE FIZH T 2 EREE DA OWT, FHEM & ERIE L O 21TV, mEDN R
—HFTDHZELZHENDT, ZOT LN, LA « FU—RENA U7 RN ER R
HEBIZHENRITETH D Z E RO LTz, FEEZERIT. 2D OMITHER
FALER ST 5 &Ik L7z,

PO SCATERIZ B W T, SIS 2 O Try R OFUEFRICBE T 5
BN H 7208, @y REEEITH) ZENTE R, A% ORKRRIZE D
T, FAERSCRR A DS, PR SCONEICE LTk a2 A L, £ 22 TV
L2 L EMRE LT, SBFRESNIC OV TR, BEHRIAELTH D Z LB RFICHER L
EHIT L7,

PLEDOFER NG, FAEEZ BRI I OMmMIHAHEL (T7F) OFMIZH#EE TH D &
E L7,







