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Received terminal
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00000 (213)000000 LeOODOODOOOOOOO

A 2
Le=aX +53.2—-10log < };f ) — 10log ag. (2.15)
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Position detection possible area
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lea—v = i CS . (34)
(%
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Received terminal

L/
y +_S)o) \ I [m]/Feeding point

032:00000000 (b)

0000000 Dym/s)] 00000000000 tu_fsec] 00¢m/s|00000
000000000

Dj
leg—e = —. 3.5
o= (35)

O0000000 tesec]0000O0D0OOOOO

L+C D
_ LG Ds
(% C

(3.6)

tc2

3.22 0OU0O0OO0O0ODOOO0OO0OO0OO

oo oboooooboonon
gbboggbboooboogs3gbboooabbooobbooobbood
000000000000000 (e)DO00O00OO0ODOOO0O0OOOOoOoooooo
0000000000000 Em|000000000000000 tg_ysec] OO
O00wm/s|]0000000O0OO00OO0OO

2L + B3

: (3.7)

leg—y =
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Reflection

N Received terminal

(x.)
LCX

Feeding point

033: 00000000 (o)

0000000 Fm/s)00000000000 te_Jsec] 0 Ocfm/s]000000

0D0O0000o0oO
Iy

tez—e = —. 3.8

. (33)
00000000 tglsec] 00 00O0O0O00ODOOO
2L+ FE F.

fg= 23 18 (3.9)
v C

D00000000000000000000000000000000000
0000000000000000340000000000000000000
00000000000000000 (d)000000000000000000
00000000000000000000000Gm 00000000000
0000 tefsec] 0 0v[m/s] 00 000000000000

3L+ Gj

. (3.10)

tea—y =

0000000 Hym/s] 00000000000 ty_osec] 00¢m/s] 00000

gboobooooon

H
P — (3.11)
C
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Reflection

y Lﬁ)o)k\ L [m]_/Feeding point
X

034: 00000000 (d)

00000000 tylsec] 00 O0O0O0DOOODOOO

_BL+Gy  Hy

. 5 (3.12)

tc4

0310034000 xwO000O0OD0OD0OO0ODODOODOODODOODODO
O0000000000000000 (L,0)0000p0ooooo (o,0)poooog
O00000oooooooD (o,,)0000d00o00d Lmj0000O0O00
O000000000000000000000 (X,Y)OOooOooOoOO Az ~ Hs
0L XY, ,000000000000DO0O0O0O0OO

A; = L—X—|Y|tan6_,,

Y
B3 = H3: | | )
cosf_;
Cg = Y—\X\tane,l, (313)
X
D3 = F3: | | )
cosf_;

E; = L—-Y —|X|tan6_,,

G3 = X—\Y|tan0_1.
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0000t,0t,0t:0t, 000000000000000

L—X —|Y|tanf_ Y
ta = Yitand, Y] (3.14)
v c-cosf_q
L+Y —|X|tan6_ X
b, = LEY-IXftanbo, X1 (3.15)
v c-cosf_q
3L —-Y — | X|tan6_ X
tes = Xtanboy | IX] (3.16)
v c-cosb_
3L+ X — |Y|tan6_ Y
g, = SLHX-—[Vjtanf, Y] (3.17)
v c-cosf_;

3.3 Uuuoood

000003200000400000000000000000000000
00000000000

000000000000000000000000000000000000
0000000000000000000000000000000000003
0000000000000000000000000000000000000
2000000000000000000000030000000000000
00000000

035000000000000000000000000000000000
3500000000<6,<200000000003004000000000
T<9,<I00000000000400000000000000000030
0000000000 (a)(b)(c)D (a)(b)(d)D (a)(c)(d)D (b)(c)(d) D 4000000
400000000000 (a)(b)(e)(d)0 1000000000000000000
000000000000
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P
o

[ 664

<>4\
&\

First, second, third, <2

.
fourth waves are receive

First, second, third

waves are received

First, second, fourth
waves are received

N

N,

econd, third, fourth
waves are received

First, third, fourth
waves are received

O 35: 000gdobobouogoboboaod
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3.3.1 0O0O0oOooo

e (a)(b)(c)00D0DO0O0O0O0OOOOODO

(a)(b)(c)0 30 0000000000000 00 (000)00000000 (0
00)000000 Agy =ty —-t,00000000 (000)00000000
(00D)000000 Aus=ts—tq 000000000000 (XY)ODOOO
oooood

: 2L — (Auty — Aura) -
Y = : 5 )Y (3.18)
2L A + 2L—(Ac13—Ac12)v (71+tan9_1 . 1 )
\ v c13 2 v c-cosf_
X = —1+tanf_; 1 =~ (319)
v c-cos0_1

DDDD(3.19)DDDDDDDDX<ODDDDDDDDDD

2L _ 2L—(Ac13—Ac12)v (—1+tanf_; 1
v Adg T 2 v c-cosf_q

X = : (3.20)

—1—tan6_; 1
v + c-cosf_q

0ooooo
e (a)(b)(d)00O0D00O0O0O0O0D0OOODO

(a)(b)(d)0 3000000000000 0D0D (0D00)0D00D0000OO (O
00)000000 Aae =ty —t,00000000 (0O0)00000000
(00D)D00000 Ay =tu—ta 000000000000 (XY)ODOOO
DOo0ooo0

% Ac -v— 2L

S (3.21)
" Ao + Acigv—2L (14+tanf_1 1

Y _ 12 2 ( v c~0089_1) ' (322)

—1+tanf_q o 1
v c-cosf_q

e (a)(c)(d)00D0D0O0O0O0O0OOOOODO

(a)(c)(d)0 30000000000000000(000)00000000 (O
00)000000 Ay =ty —t,00000000 (000)00000000
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(000000000 Ay =tu—ta 000000000000 (XY)ODOO
000000

-~ Acl4'U—2L

X = —— (3.23)
2L _ A L, 4 Aasv=2L (1—tané),1 + 1 )
% v c13 2 v c-cosf_
Y= T—tand_, 1 =t (3.24)
v + c-cosf_1

DDDD(3.24)DDDDDDDDY/<ODDDDDDDDDD

% _ A614-’U—2L 1*tan971 1
Adg + 2 < v + c-cos_1

1+tanf_; 1 ’

v c-cosf_1

(3.25)

0ooooo
e (b)(c)(d)DDODOODOODODOOOOO

(b)(c)(d)0 3000000000000000DO (000)00D0D0OOO (O
00)000000 Ags =ts—t,00000000 (000)0D0000000
(00D)000000 Apy=tu—t, 000000000000 (XY)ODOO
0ooooo

i 2L — Ays -
~ 2L Ac + 2L—Agozv [ —1—tanf_; + 1
X = v 24 2 ( v c-cosefl) . (327)

—1—tanf_q + 1

v c-cosf_1

e ()()(c)(d)DOD

(a)(b)(c)(d)0 4000000000000 O000O0(0DO0)00000000 (O
00)000000 Aue =te—t,00000000 (0O0)00000000
(000)0D00000 Ay =ts—tn00000000 (0O00)0000000O
0(0O00)000000 Ay =tu—tya 000000000000 (XO¥)OOO
0000000

. Agy-v—2L
X :44£%44ﬂ (3.28)

& _ ﬂﬁw&%—Am%@ (3.29)
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3.3.2 0OUOO0OOOOO

000000000000000000000400000000400000
00000 (a)(b)(c)(d)0000000000000000000000O0O0O000
0000000 (a)(b)(c)(d)D00000000000000030000000
00000000000000000000000000000000000 3.6
0000000000000000000000000000000000000
0 LENMm0000A,, 0000000000 LEN,00000000,28%0
0000Aq0A0A,,00000000000000 A5 000000 3240
dEMp PO LEM 0QoO0LEN, 00000000D00000000OO

L€7%< Ao <:2Lfﬁh, (3.30)
HEN ., L ALEN: 1)
LN,y o HLEN, o
3LSN1< Aﬂ4<<4L§Nﬂ (3.33)
L€N1< A£4<<2L§NF (3.34)

gobooogoooboobbbbobobobbbbooooi,gooooogn
gboobooooboboooobttssdnnon

e (a)(b)(c)0 300000000

9LEN
ta < L (3.35)
v
2LEN 3LEN
L<itp< 5 (3.36)
v v

0000 (a)(b)(¢)030000000000000000000 (a)(b)(c)000
0ooo

e (a)(b)()0 300000000
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LEN, [m]<

L [m]

L [m]_/Feeding point

LEN, [m]

036 00000pbbugoooboooon

2LEN
ta < L (3.37)

v
3LEN,
>

t 3.38
B —Z v ) ( )

0000 ()(b)(d)D30000000000000000000 (a)(b)(d)000
0ooo

e (a)(c)(d)0 300000000

3LEN
ta > =, (3.39)
v




52 g30. bDhuooobbbouooobboooobobobod

2LEN
tp < L (3.40)
v

0000 (a)(e)(d)030000000000000000000 (a)(e)(d)000
0ooo

e (b)(c)(d)D 300000000

2LEN 3LEN
1 <tq < 1, (3.41)
v
2LEN
tg < L (3.42)

0000 () (c)(d)030000000000000000000 (b)(e)(d)000

gooo

oooobuooobooboo LeN; O LEN, >22000000000000000
LEN, <2L00000 (3.30)00 (3.39) 0000000000, tp000000
DoooodboLEN, >220000000000000000O000O0

34 U0OOLOOOOOOOOOO

g3stbbuubboogbbuoobbooobbuoooboobobood
Oooobobobooe 000000

oobooobé,00000DOO0ODO0ODOODODOODODObODDObOODOO
ooboooboooooooboobbooobbooobooooobooboe,0Db0OOO
oooobooo3ryoboboobooooe,0b0bO0ODODODObDOOn
00000 Sm? 00000006 ,0000000000000000O0DOO0O
000000000000 Lm|ODOOO

¢« 0<¢,<T000

S =1IL%cos?0_1 — S, — L*sin?0_, - tan 20_;. (3.43)

000 S4m? 0 (a)(b)(e)(d)00000000000000000000000C0
000000000000000

Sy = L?cos®0_; - tan (Z — 91) . (3.44)



3.4.

gboobooggooboobod

—

)

LCX

LCX

S =2L%cosf_q-sinf_, + Sy + (

e I<9,, <000

S = {Lcos9_1 +

2sinf_;

23

LCX

— V2Lsin (9_1 - ”)}

2
—cosf| L? tan20_,.
2sin0_, COS) e
L
: sin (7 — 20_
4 2sinf_, sin.( 1

(3.45)

(3.46)
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2
3L / 2 FPosition detection area is maximum

@ 6., =0.269 [rad] (39°).

L2

Position detection
possible area [m?]

L’/2

0 Jrl/8 .7'['/ 4 3:%/ 8 /2
0, [rad]

038 00000000 ,000000000D0O0ODOO

3 s
[ ] §<971§§DDD

S =L*cos’f_; -tan (7 — 20_,). (3.47)

038000 (343)000 (347)0D0000O0O00O0OoooooooooOoe O
00000060, =0.269rad](1540)0000SO0000000000O0O00O0O0O0
0000006, =0209rad] 00 0000000000000 OOOOOOOO
ggbobuoooobbooooobbbooogbon



3.5 ODDOOoooooobooog 5h)

3.5 UU0oooooooon

gobbooooboobboboooobbboooobbb
o JOODO

obobbO242000000000 39000000000y 0000D00O0
O000o00D00O0O000 (L,0)0000gooooo (o,0oooocoooooog
000000000 (o,L)boooO0o0o0ooD Lm 000000000000
gbobooboogoboboboooobobbooobob osmtugon

A
y [m]
eo0o0o0o0o0 XX EEEX X
5e e00o0o0o0o0o0
° ece0co0oco0e
° eo0o0o0000o0 Port2
° eceo0o0o0o0ooe
° ece0c0o0oco0o Network
° e00o0o0o0o0o0 analyzer :
° ec0o00o00o0o0 Port1
° eo0eo0o00o0o0o0 ;14.5
° XXX
° TR EEEEX
i |
° ° i
[ o
X °
eoeo0oo e |LLCX
XXX X °
eoo0o0o0 °
0 5
v
B PP PPy >
® :Measurement point 255 Ceiling height:4.8[m]

g 390000
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g3iottoudoooogoobbbooobbbbbbbuoooooooon
gbbuogobbooobbooboo3gubbugobbuoooboobobboodgn

D000D0000000000000 (X,Y)0O0oo0o0d

0.001

tc 3 ’ﬂ
0.00075 |«

th
3 <
3
E 0.0005
0.00025
0 1 L L
0.0 20.0 40.0 60.0 80.0 100.0
Time [nsec]
0.001
0.00075
[]
E tcl
2 0.0005 p
5 c2
< >
tc3
< t
0.00025 cd
<
0 M') .
0.0 20.0 40.0 60.0 80.0 100.0
Time [nsec]

g 310 ogoooooooon
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g3llouogooogobboobbbuoooooobobbooobb 3dn
gbboboogobbbooobboooobboooobbilombbbood
gboogboboobuodboobbougboobbooboobbooboab
000000000 (2,2)000000000000000O0000OOOOOOO
oboboooodboobob40bUobbobosgobobboobuooboon
goobuogbbodgbbogbobbuodobbooboooobbuoobood
gboboggoood4boogobobuog3sbbboooobbuooobbooan
gbobobuooog3bbbuogogboboooobon

Position detection area

5
4
3
2
y [m]
1
10-0.5 1 0.5-1 0
Wi-1.5 W1.5-2 -1
=
m2-25 W25
-3

x [m]

031 guoobooon
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gobobboobboodugoog 12b0bboougoooooobobboobb
gbbogboboodbbiuod i mbbogobooboobbooobboon
gboboouubobuoooobbobuoooobbobbooooobbouooan
gboboboooobbooooooon

100

H> (op) (@¢]
o o o

Cumulative distribution [%]

DO
o

0.0 1.0 2.0

Error of estimated position [m]

0312 000000d
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3.6 0UU

0000000000oooooo0o00UoooooDooooO (boooo) O
000 (COCO0)00000000000000000000oogoooogd
000b0b0o00bbooobbuooobbuooobbuooobuoooboon
gboogbobodbooobuoobboboobbbuoobboobuoobbod
gboobodbooobogobuogbbooboooboboobooboobooo
gboogbbogbuogbboobuooobbooboobbooboobbod
OO00bO0OO0ob00O00obOOo0boO0o0bO0oOob 400000000400 TOAD
OOoooo300 ThoAOUDODOOOOobOOoOooOOooOooOooDoooobooboo
000000000060, =0269rad| 000000000000 0OOOOOOO
gbbobbooooobbobbooooobbobbuooooboobobuooogoooo
gobooobbooooobobbobbbtboog U  mddgooon
gboobooogd
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040 OO0OOUOO0OOOO0OO0OO0OO0OO0O0OO0
ooood

4.1 00O

gobbgoobbooobboooobbuooobboobbuoooboboo
gogogooboobuoddooouooo 2uunuoboobobooboo 2000d
000000000400 TODOAODODOOODODODODODOODOODOODO
goodobuoobboooboobuoobboobboobboobDboobOoFrFDTDO
(Finite-Difference Time-Domain method) 000000000000 O0O0O0OOO
gbobodbbdoo4b0dbobooobuooobuob400bboobbOoon
goooobbboobobbuodooooooobobooobbooobboboooobo
goodouoboobobbbbboodoooouobobbbbobbooooo

4.2 0J00O00O0O0OOO TDOAD

googobogbodgbboobuoobboobuodobboobuoobbDbo
oo0oe,000000000000

mARF) . (4.1)

em = sin”! r
sin <\/€_+ P
(m=-1,-2,-3,--+)

gboodbmbgboboobogbooobuoobooobbooboobbon
DDDDDDDDDDDDDDDDDDmDDDDDDD%DDDDDDDDDD
gboogboboobuodbooobbuogbbobobooboobbooboon
00041000 (41)000000000000O00O0OOOO ’\R?FDDDDDDD
gbobooboobobbobd41000m=-10m=-3U0m=-50000
Doobobogoboon ’\"‘%DDDDDDDDDDO.ZlQ?gA%SO.?HDDDDDZ
obobbdm=-1,-300000000000000000000000O000
Oooooooboooooooo e 060 50060,>0>0 30000000
gbogbbogbodgbboobuobbobobboobbooboabbo
obo4000000000000000DODO 42004500000004000
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2.5

(SRS

5 0 [rad]

041 0000000000 ’\I%FDDD

OO0 ,0D000000000DO0ODOOO0OO0ODbOODbObO OO OOOOD
ooooobooobooooobooobbooobobooe,0D0bbOObboobooon
OOobooob0oooooobooooob e soboobbOUobOoOoboooboOoDO
gbobooooobobobuooobobobuoboooboobooobob 400
gboogob400003b00oboon

4.2.1 0O0O0O00O0OO0OOOOOOO0

¢, 0000000000000000000000000000000000
000000004206.,000000000000000000000000
0000 ()0000000000000000000000000000000
0000000000000006,00000000000000000000
00000000000000000000000000 Am00000000
000 ty_ofsec] 00000 vm/s|00000000000000

Ay
toly = —2 4.2
no=" (12)
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Received terminal

y Feeding point

X

042:00000000 (a)

0000000 Bm/s| 00000000000 ty . fsec] 0000000000
¢m/s]00000000000000

B
tg1—e = 74 (4.3)

00000000 tyfsec]00O000ODOOOOOO

A, B
ty = — 4 =4 (4.4)
v C

000¢,0000000000000000000000000000000
000000000004306_;000000000000000000000
0000000 (b)00000000000000000000 Cm00000
000000 te_ofsec] 0 0om/s] 0000000000000

= (4.5)

tgo—y =

0000000 Dym/s|00000000000 te_fsec] 00¢m/s)|00000

gbooboooon

D
tino = 74 (4.6)
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Received terminal

. LCX

y Feeding point

X

04300000000 (b)

O0000000 tesec] 00000000000

C, D
b = — + =2, (4.7)
v C
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Received terminal

Reflection

044: 00000000 (c)

4.2.2 0O000OO0O0OOO0ODOOO

000¢,0000000000000000000000000000000

000000000004406.,000000000000000000000
0000000 ()0000000000000000000000000000
00000 Eym000000000000000 tgs_yfsec] 00v[m/s]0000
0000000000

L+E

gz y = . 4.8
_—— (18)

0000000 Fm/ 00000000000 te sed D0¢m/s| 00000
0Doooo0o00o0

F
i3 ::‘E?‘ (4.9)

O0000000 tgsfsec] 00000000000

L+ FE F
taz = 2+ =

- (4.10)

0006,0000000000000000000000000000000
000000000004506.,000000000000000000000
0000000 (d)0000000000000000000000000000
00000 Gm|000000000000000 ty_sec] 00vm/s|0000
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Received terminal

/Reﬂection

045 00000000 (d)

gbobobooogon

L
tgsy = f;(;4. (4.11)

0000000 Hym/s|00000000000 ty_fsec] 00¢m/s|00000
000000000

H
tyye = ‘Eé' (4.12)

0000000 tyfsec)D0DOO0O0OOOOOO

L+Gy H
_ 1 M

ts = (4.13)

C

222000000 w0000000000000000000000C0O00
0000000000000 (0,00000Lm 00000000000 0000
00000000000000000000000000 (X,Y)000000o0
0 A ~H,OLX,Y, 0,6 ,0000000000000000000

A4 = X—Ytanﬁ_l,

Y
B, =
1 cosf_q’
Cy = X —Ytanf_s,
Y
Dy, = —
! cos |6_3|’

E4 = L—X—Ytane_l, (414)



43. 0O0OO0ODOOOO

Y
=
4 cosf_;’
Gy, = L—X—Ytanf_s,
Y
H = —
! cos [0_3|’

0000ty0tpltslty, 000000000000000

X —Ytan0_, Y
+ ;
v c-cosf_q
X —Ytan6_3 Y
v c-cos|0_3|’
2L — X — Y tanf_; Y
+ )
v c-cosb_

2L — X —Ytan6_; Y

tan =

tgp =

tgs =

tas =

4.3 0OO0OOOOOO

v c-cos|f_s|

67

(4.15)
(4.16)
(4.17)

(4.18)

gbobobo42000004000000000bbbo00oobobobboooon

obooboon

goobooboooooooooobobobobobobobobobobo
gbogbobuogbbodbboooboboobbooboobbuoobbodo
gb3boboobooboboooobbobooboboboobo20000
gboboobobooboboobosboobobuooboboobobon

goo

O4600000000000000DODOA,00 s 00O0DDODOOOODOO
0000000000000000000000000000000006_, > |0_3|
00006, =10300000,< |0 3|00000000000000O0O0O0O
Doobobgooboboobobob4vyooooboboobobboobon

gboboboooboboboooonbo

gbogbbogbogbboobuobboobuogobbooboabbo

000000000000 (a)(b)(c)(d)000000
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040.

*Radiation angle: 6,
*First wave

(Propagation path (a))

R

*Radiation angle: 0,
*Third wave

(Propagation path (d))

*Radiation angle: 6.,

*Second wave

(Propagation path (b))

©eccccccccccccccccccsccccnc o
.

*Radiation angle: 6,
*Fourth wave

(Propagation path (c))

gboobooooobbbooooobboooooobod

U46: 00000gbobDogg
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Second, third, fourth
waves are received

First, second, fourth
waves are received

First, second, third,
fourth waves are received

First, third, fourth
waves are received

First, second, third
waves are received

(3) 0., < ‘0-3‘

O 47 000000000000 0O0DOOO0OO
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4.3.1 000000

e 0_; > |9_3’DDD

047()00000006_, > |0_5|000000(b)(e)(d)D (2)(b)(d)D (2)(b)(c)
(d)000D000000000oooooooO

(b)(c)(d)0DDO0DDO0O0DOODO00D(000)0000D00(0O00)00
D000 Ags =ts — 000000 (000)000000 (0D00)00000
OApi=tu—tep 000000000000 (XV)OOODOODOOOO

X = L—Admg, (4.19)

Y Ad24 - A¢123
Y = tanf_g—tanf_; 1 + 1 . (420)

v c-cosf_1 c-cos|0_s)|

(a)(b)()0DO0DO0DOD0O00O0D0O0O (000)000000(@O00)00
0000 Agp=te —ta000000 (0O00)000000(00OO0)00000
OAmu=tu—ta 000000000000 (XOV)OOODOODOOOO

<

X = L- (Agra — Agio) -

¥, Ade
Y = tanf_g—tanf_; 1 1 . (422)

v c-cosf_1 c-cos|f_3|

(a)(b)(c)(d)0 00000000000 00O (000)000O000 (000)0

> (4.21)

00000 Age =t —ta000000(000)00000D0(0O00)0000
00 Ags = ts —tq000000 (0O0D)00D0O00(0O00)000000
Ags=tu—1tq 000000000000 (XY)OOODOODOOO

X L_Ad13'g>

¥, AdlZ
Y tanf_sz—tanf_; 1 1 . (424)

v c-cosf_1 c-cos|f0_3)|

(4.23)

e 0, =|05/000

047000000060, =|3000000300000000000000O0

(a)(b)(c)(d)00000000000000000000000000000 (4.23)0
0 (42400000
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o 0 < |9_3||:||:||:|

047000000060, <05 000000 a)b)(e)d (a)(e)(d)D (a)(b)(c)(d)
00000000000 0000000O00
()(b)(c)DODO0DO0DO00OD0D00DO0O0DO0(0O0D0)D00000 (000)0d
D000 Age=te—tx0 00000 (000)000000 (0D00)00000
OAgs=tss—ta 000000000000 (XOV)OOODOODOOOO

X = L—Aﬁyg, (4.25)

Yy = Az . (4.26)

tanf_z—tanf_q . 1 + 1
v c-cosf_1 c-cos|f0_3|

(a)(c)()0D0DO0DO00O0DO0DOO0DOOOO (DO00)00D0000(0DO0)00
D000 Ags=tis—tax0 00000 (000)000000(0D0O0)00000
OAmu=tu—tya 000000000000 (XOV)OOODOODOOO

X = L—Aﬂy%, (4.27)

Y, Ad14 - Adl?)

Y = tanf_g—tanf_; 1 + 1 . (428)
v c-cosf_1 c-cos|f_3|
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