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a. 1Y 9 (1.1 1N

antenna element

X
02100000
>y
1-th
1 incident wave
X
022 00000000000
L .
xﬁ,n(t) — Z Fg(t)ej{¢1,m(9z)+¢2,n(9£)} + Ny (1) (2.1)
/=1
2w
Or1m(0r) = ~ (m —1) Az cosb, (2.2)
2 .
Gon(00) = 5N (n—1) Aysinf, (2.3)

O000F@#)O00:0010100000000000000n,,,)000000X0O
gbooooooboobooboab x£7n(t)DDDDDDDDDD

XE(t) = ARF(t)+ N(t) (2.4)
X)) = [a550), ..oty @), 2B (), . aby (@), g (1), i p(0)]T (25)
A" = [a"(0:),...,a"(00), ..., a"(6,)] (2.6)
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CLR(eg) — ej{¢11(9[)+¢21(9£)}’ . ej{¢1,M(9£)+¢21(9£)}’

eI 011 B)+on00} ej{¢1,M(9z)+¢z,N(9z)} ’ (2.7)
F = [F(t), -, Fu(t)] (2.8)

00000000 0000000XA(:)00000000eR(4,)00000000
000

21.2 JO0g0oooouobooboobod

000000000000 230000000,00000000000000 M
00000000000000000000 LOO0002200000000000
6,(¢=1,---,[)00000k00000000000004(¢)0000000000
00000000000 000000000000000000000000000

#k

antenna element

023 000000000

L
(1) = Y ) 4 (1)
/=1



okl = 2—7T7“ cos <9g — Q—W(k — 1)> (2.9)

) K
(2.10)

D0O00F(O00/000000000000000n(#)000000A00000
000000000 2{()0000000000

XO(t) = A°F(t)+ N(1) (2.11)
XO(t) Z[w() % (0)] (2.12)

A0 — [ (QL)} (2.13)
aC(@g) — [€J¢1(9z ) €J¢K(95)} (2.14)

0000XC°#)000000000000000006%6,)000000000000
00000

2.2 BeamformerOOOOOOOOO

O000O0Beamformer 00 0000000000000 OODODO X)OOOOOO
00 «(0) 00 /000000000000 O0O0O0 AKO00ODODOODOO ¢k()OOO
gboboogooboooboogan

X(t) = X%(1) (2.15)
a(f) = a®(6)) (2.16)
Or(0r) = d1.m(00) + P2,n(00) (2.17)

000 (0000k=Mx(m-1)+n0000k000000000000 (1,1)00
000(m,n)00000000)00000000000

X(t) = X1 (2.18)

a(B) = a“(0y) (2.19)

or(0r) = ox(00) (2.20)
niulisls

ooooboobooooobobboobobo RrR,0000O

R = E|X(6)X"(t)] (2.21)
= ASA" +o%1 (2.22)



Ooo0osooooooooooa
S = E|F(t)F"(t)] (2.23)

goon
OO0oo0ooOobobOobOobOobobDe0DbOobOUObObOUOOOODODOOO
goooboboooboobobobodon

wy, = eI 0) (2.24)

Oo00OO0eDOOO0O0ODOO0OO0OODOODODOOOODOOUOOOODODbODOObDDODO
gooboodao

P = 50" (0) Reza(9) (2.25)

0000 Beamformer 10 0000000000000000000000
Pt a"(0)Rwa(0)

af(0)a(0)/2  a"()a(f)

0000000000 6000000000 Pr0000000000000000

00000000000000000000000

PBF(9> -

(2.26)

2.3 MUSICOOOODOOOOO

0000O0OMUSICOOOO0O0O000000OBeamformer 100000000000
000000000000 S=E|F(4)F?(+)|0000000000000000

EIR®P ElR@OFON ... EIROF @)
o «EHPEU?F?(DH <EHP%@)P] : «EHPEU?FE(DH (2.27)
| EIFLOFF @I EIFLOFO ... EIFOF]

0000000000000 0000000000000000000000 SO0
00000000000000000 LO0O000000000000 ADDOOOOO
00000000000 00000000000000 LO0O00000000000
0000000000 0000000000000000 R..=ASAP0O00CO LOO
000000000000000000000000000000 4 (i=1,2,...,K)0
00000000000 e (i=1,2,...,K)0000

ASAHe; = ;e (i=1,2,...,K) (2.28)
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gdoooooooooooo

> o > 2 > g == g =0 (2.29)
doddoooboooooooooooooood

efe, =y (i=1,2,...,K) (2.30)

gbhboodgogbbogbobobobdoobobobooobooobbobobon
OO000O0ODO0O0O00bOO0DbO0O00bO0obDDOO0o0o0oUobObOOUDOoOOYNODO
goboboobooaoboo

gbobooboooooogan

Rep.e; = (ASA" +0%1e;
= ASAfe; + o€,
= U;e;+ 0'2e,~
= (ui+0%e; (i=12,...,K) (2.31)

goooobobobbboboobobboobobbobbbbooobobobooboboo
gogooooogooboobbobbbbobboooooooooooobobbboobon
gbogugboobbboouoboouoobobboooaaa

godo

A 2 i+ o (i=1,2,...,K) (2.32)
oooooooo R, 00000000
)\1Z)\QZ...Z)\L>)\L+1:”’:)\K:U2 (233)

0000000000000 0000000000000000000 ¢?200000
oboobooooodbD Looobbooooboboobbbooobooooboog
000000 AIC(Akaike Information Criteria) 0 MDL(Minimum Description Length)
gogoguooobuobogbobooobbooooooobobobboobbon
ad

gbogbbobooboobooogoboobbooobbooboobooooda

Rmei = (ASAH -+ 0'21)62‘ = )\iei = 0'262‘ (’L =L -+ 1, ey K) (234)
ooooooo
ASATe; =0 (i=L+1,...,K) (2.35)
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OO00O0o0DbOoO0ODbO0O0O A0 Sobobobbooooboboo

Ale; =0 (i=L+1,...,K) (2.36)
ooooo
a”(9,)e; =0 ((=1,2,....Lii=L+1,...,K) (2.37)

gobobboobodbbdoooouoouobuoobbbobuoooobuooouoobo
gogbobooogobobobbobbobbbobooobooobooobobon
00000000 {e+1,...,exy 00000000000 O0OOOCOOOOOOOOO
gboogboogbobooouooooboboboboouooobooobobon
00000000000 (K-L)00000000 {epy1,---,ex; 000000 020
O0000000(K-L)000000000000o00oooooooooooooo
gbdodguoooodbboobuoboobuoobobooobbooobobon
goboboboobobboboooooboobobooaa

gboboodgoogboobobbodobbooobboobuoooobooobon
{e1,es,...,ex} 0000000000 KOOOODDODOOOODOOOOOOOOOOO
oooobooboobobh Kobooooobo

S = span{ej, ey, ..., e} (2.38)

N = span{eri1,eLi2,..., €K} (2.39)

000000000000 000000SO0ANOOOOODODDOO0D00000000
000 (237)00

S = span{a(by),a(bs),...,a(0;)} (2.40)

O000O0OANOUOOOO LOOO0O0O0OoDOO000oooo0oo SosS&So00 Loog N
goobbobooboooon

S=8 (2.41)

OO0oo0o0oooooUoOoLoooUooooOo {es,...,e )0 LOOODOOOOO
{a(61),...,a(f)} 000 0000000000000 00O00OO0DD0DNDO0ODN
000000 SONOOOUOOOUODOOODO (signal subspace)d 000000 (noise
subspace) D 0000000

00000000000ooooo0ooU0Oo0 (K—-L)ooooooooooooo
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gboogboubobooobouoooobobon
1

Pun(0) = e (2.42)
1
Py, (0) [l a@)F (2.43)
1
Pune_,(0) = —g—r3 (2.44)

lexa(0)?
000000 (K-L)00O0O000ooOooooOo0oOoooooooooooooMUsIC
godguoodooooobobbbooobbboboooooobbbbooobobo

gogudgbodgobobobobodooboboooobobbboobooboboboon
goboodn

- - - (2.45)

Pyn,  Pun, Py,

000000000 000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000

0 (2450000 0ae”(We(@)0000000000

A 1 o
PMU(9> = Zz‘liL-i-l |62Ha(9)|2 X a (9)01(9>
a'(0)a(0)
af(0)Ex Efa(0) (2.46)
Ex 2 leps, ... ex] 2,47

OOoo0oODoOOoOoOOoOoooMUSICOOO0O0OoooOooooeooobDOoobobDOoboO L
O000oooooooooo {6,...,0,}0 0000000000000 OOODODOO
gboboogooboboobbod

S = (AT A AM (R, — o2T) A(ATA)! (2.48)

OOoOoooboboOob0 So00b000b0o0«0ooo0oboobooooooooboobooo

000 (233)0 0000000000000 00OO0OOO0O0UDOOOOODOOOOOO

oobooobobobobobobbD K>Lo+100boooooo
OooOMUSICOOOOOODOOOO0O0ODODDODOO000DODOO00DO0DODODODODOO signal
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copy U0 O signal reconstruction0 0 000000000000 0O0O0OOOOOOOO
Oo0O0o0ooooo

F(t) = (AT A)TTAT X (1) (2.49)
OO000F#D000000 FR)OOODOODOOOO0O0OO
WH = (AFA) AR = [wy, we, ..., wi]? (2.50)

ooooowioo/0o0ddf0w,00/¢00000D0ODOOODODOODOODOODOO
godoouooooooo
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goboboooboogboboboooboboobobobobboobboobbo
gobobooogooboooooboboboobobuodbooboooobobobon

OO0000O0O0O0OO0Oooboboo23000000 MUSICOODODOOODOOODOOOO
godooobosligbgboboooooobooobooobobbobonbos2
gobobbooguoboooobobbbobobobooobbooobbooboon
goood

3.1 O0Oooogn

00000000000000000000000000NOOOODOOODOOO0
000000 [10)0
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a,n 1,2) (1,N) (1,1 (1,2) (1,N)
2,1)

SERRRE SRR R
M 1) I(M,.Nl)l
shifting BEERRE

The linear array
antennas Virtual rectangular array

U 31: 00gbobbooguoaoobn

goooobobogbobdobodobobobooboboboobooobooobog
g3lgbboddguogubooboooooooboboboooobboobobn
ooobooooobo MMObOobOoboOoobobooboobboooboobO Mx N
gboboogggobboboooobbobn

gobobobooobobooboboboboooooobboobbobboobo
goobgbbogbobbboboobobobboooobbuobobobbbooboon
OOO00O000oo0ooboooboboooooMuSIcoOoOoooDobbooooobooooo
320000 (N+1)OO(NODDODO)O TOODOOOOODOODOODODOOODOOOOO
gooboboboboooboo

0000000000 TOOODDODOOUOOOOODODA/DOOOOOOOOOOOO
oooobbooob0 noooooooo0 Kbgoobboboo r7obooboog
U0 0ogbobooooogn

#(N+1)
# #01) /2 il

b

032 TOOOODO
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4.1 (@1, w1)/2 N Comparison of a phases @) ol an

Q] @, 1)1 (1) 72 @.N)
[ J ( ] ( ] [ J ( ] (l,lz_\ (1’N)\ ) ) [ ) [ )

2.1) | (,(\+1)72 @.N) (M.1)  (,IN+1)/2) M.\

\Q shifting L g B g

The 'T' character-type
array antennas Virtual rectangular array

-!

033 TOOOODOODOOOOOOoOOoO

t gt ot t
Xy = [2h, 279, 7371,(N+1)]

I = [1117 T12,° ", $1,(N+1)]

Tip = [l’ln(T), :cln(QT), cee ,xln(KT)]T

0000w, (n=1,---,N+1)00n0000000000000000x,(kT) (k=
1,---,K)0O0 000000 %k00000000000000000
00003300000000000000000000000000000000
000000

Tr = [1217 22y, wZ,(N—f—l)]

Doy, = [Ton(T), 29, (2T), - - -, w0 (KT)]"

00000000000000000000000 svn0 sin000000000
00000000000000000000000000000000000 O2y(v41)/2
00000000000000000000000000sy,0000000000
0000D00000000000000000000x0 000000000000
000 2xNOOODOOOOOOOOOOOO0000
00000D0000000000000000000%%,y,,0 a4yy,00000
000 (3.1)000000000000CK) p=1,---,K—P)00000O0

Cp) = >z wviny((Por + 1 — 1)T)w5 (1) o((i +p — 1)T) (3.1)

i=1
O00O0PP<K)OOOODOOODODOOOO[POO00O0O0OD0OOOOpnOOCOOO
0000000000000 O0O00O0O000ODO 10000C(p)bo0OD0OO00DO0oOOOO
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p0 p, 0000000000000 YOOODODOOOOOOOOOO 0 0000
DO0DO0000000 X,0 X, 00000 [12)0

X1 = (i, @20, 1, (v 1))
211 (Ppor 1) o 21N (PorT)
_ 3711((2501. +1)T) . xlN((ﬁo% +1)T) c RN (3.2)
| 211 ((Por +Y = 1)T) ... oin((por +Y = 1)T) |
XQ = [@217 @27 Ty @,(N—f—l)]
xo1(pr12T) o Ton (Pr2T)
B l‘gl((ﬁlg + 1)T) - ng((ﬁlg + 1)T) (3 3)
I l‘gl((ﬁlg—l—Y— 1)T) ng((ﬁlg—i-Y— 1)T) |

Oooodoooooooooooooooooooooooooodon pem-nym00
gobobbooobobooooboooooooooo

r = [Xl,...,Xm,...,XM
= [@11,...,@1]\7,@21,...,QA?ZN,...,.%Ml,...,ZA'MN] c RYXMN
xml(ﬁ(m—l),mT> me(ﬁ(m—l),mT)
, Tt (Dim—1).m + 1)T Tom Dim—1).m + 1)1
X - (B b, )T) . N (B¢ R )T) (3.4)
I Tyt (Pm-1ym +Y = DT) ... TN ((Dan—1)m +Y — 1)T) |

obooOpobobooooob c0OO0TOOOODOOODOODOOOODOOODOOOObOg
goobbootbogooouoooooobibobbdoooboooboobobt-0bOoOon
ooob0bO MxNOODOOOOOoOOoOOoOoODOUOUO zsO00DQDO0O0OO0ODOO0OOOO
OO000000ooOobOooooMUSICODO ESPRITOOODOOODOODODOOODOO
goon

3.2 U000

O000O00D0000O000000OdBeamformer 0 OMUSICOOESPRITOOO O
0000000000000 0000DOoooooooOoOooOooD (28)DoOoOoooO
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Oo00O00O0oboobDOobObOOoOobOobobOooooooMUSICOODOObDOoOooDoOoo
gogbobbogoboobobbooooboboboobboooobbobooboo
0000000000000 e600000l00000D00noOoooog (2.2),(2.3)
g

2 2
;Ax cosf = ;Ax cos By + 2mm
2 2
;Ay sinf = ;Ay sin 0y + 2mn

0000000 6(6#£6)0000000000000000 Az0Ay0000000
oooooo
00000 (3500

0 = cosfy+ —
cos Cos O+Axm
0 — sind A
sin sin O+Ayn
000000 —-1<sinf,cosfd <10000006¢000O0ODOODODODODODO
A A
—_— > 2
Az’ Ay

dooooood
A
Ax,Ay<§

godbogbbgbbobobooooboboboobbboobooooboobobon
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Jodoododddooboootd
oo

gbdodgoooobbooouoooobobbbooobbobbobooooon
goduodgboooobbobooobobuoobbbboooobon

4.1 0OJ0OO00OooOooon

TOOODODOOOoooOO +1ooobooooo 3bogborx 400obooboo o
gobgbdobboobobobboooouooobboboobobobnoonbobo
gogbbobbdodoboooooooobboobooobboobbobooobon
oobooobboooobbobooogoTh oo oboboobooobooboOooboobo o040
000000000000 000000410000000000000007 x4(28)
OO00OO00O0ObOO00o0obDOoosobooboOoooooooooooooMuSsICODOO

0 41.: 00000000

The "T” character-type 741 elements
array antenna (7x4 elements)
The rectangular array 7 X 4 elements

Element interval

of rectangular and virtual rectangular array | 0.4-wavelength

Circular array 8 elements

Radius of circular array 0.5-wavelength

20



042 00000000000

The number of 6(—140deg,—40deg,
arrival waves —10deg,70deg,100deg,160deg)
wave form sinusoidal wave
SN ratio 00 20dB
The number of snapshots 300times

00000000000 00C00OF/BOOO0OO 00000000 CTOOOOOO
gbgodgbobotbogogdg 3x3ugpouunouoobobbooobbooobonoo
00000000 00O00O00C0 F/BOOOODODOODOOOOOOODODOOOOOOO
oooo42000000000 eODDODDOOOTODOODODODDDODO
gobogbbdgbboogooogbooooboogbobooooboooooboon
OODO0000DbOO0ObODbOobOO0ObDOODbO SNOoODoOOoooooooo

gooogod
goooo

goguogobbboouoouoobooo400dbboboboooooobo

SNR = 10log

4.2 0JO0O0O0O0OO0O0O0O0OO0

SNOO 10dBOOOO MUSICOOOOODODOD410000TOOOODOOOOO
goddgbboooboboboobobboobuooooobobobboooooobon
goboogobobobbooodoobouobobbooobobbboobooooooon
gobogbobougbobooobooboboobobobbobbooboboobbon
gobouobdogbouooooooboobboboboobooooooboboobbon
gbobgooobobobooooob42000000ooobooboboooboon
goboogodoboboddbboooouob oo ooobboobboobbo
oobo0odo TooooobbooooboobooooobooThoboooobooo g
oodbooboooobo3gogobooTODOOooboboboobobobooooo

OO0OSNODOOOOoOOoOooDOoooooMUSICOODODOOOO 4300 450
OO000O00O0DO0O0 TOOoOooOOoOOoOoOSNDOOOoDOOooO MuSIcODOoOoOooDOoo
gobboboboooogoobooogbooboobobouobbooooooonoa
godgbooboboboobobobbooobbooooboobbboooboobo
googoobod

21



goboogobogbboobbbbbobbuodbbooboobobobobon
OO0O00DbO0000obODOOoOoooobDOobOooSNOOoOooOooOoboobobooooo
MUSICOODOOOODOOOODODOOODOOODOOOOoDOOoobDbOOoooobDooooo
gbouodooobodbobooboboobboboboobobobboboobooba

gbogooboobobobobobobbbbuooooboobbboooobonn
godbbdoobodgboooobobobobobooooobboobobobbbo
gbogdoobooboboobooobobobboobooobbuoobboooooon
googood

T ' I ' ' ' | ' !
ok _
-10F 7
||
ala) | 4
=
o 20 7
o) | 4
=
=30k .
=
N 5 _
<
> 40t .
- Rectangular array .
---------- Virtual rectangular array
S50 —_—— Circular array 7
] ) ] ) ] ) ] ) ]
-200 -100 0 100 200

Angle [degree]

0 4.1: MUSICODODOO OO (SNR = 10[dB))

22



1.8 —r 1 r T T 1 ' 1
i X Rectangular array 1
1.6F o) Virtual Rectangular array | 7
i a Circular array T
1.4+ ]
% 1.2F ) ]
W - x X g % ® ]
| S a0 i
0.8+ s |
0.6 ]
| L l L l 1 ! . : L I
1 2 3 4 5 6
Wave Number
O 42: 00000000
T T T T I ! | ! |
ol _
| | -10 B |
m i -
=,
o 20F ]
= I i
=
. 30 ]
=
55 I i
av)
> 40t ' i
--------- SNR 0[dB]
-/ \ N /) N SNR 5[dB] |1
ok — — SNR 10[dB] ||
SNR 20[dB]
! . ] \ I : ' ' '
-200 -100 0 100 200

Angle [degree]

043 00000000 MUSICOOOOOO

23



-- SNR 0O[dB]
SNR 20[dB] 7

------ SNR 5[dB]
— — SNR 10[dB]

0 100 200

-100

! !
S o o
a N

lgp] spmitu

S50

SeIN

-200

Angle [degree]

044 000000 MUSICODODOOODO

SNR 20[dB]

-- SNR 0[dB]

-

------ SNR 5[dB] |1
— — SNR 10[dB]

-10

_ _ _ _
= = = =
a3 o« ¥ v

[dP] opmuSey

100 200

0

Angle [degree]
O 45 000000 MUSICOODODODOO

-100

-200

24



1 50

Jodooboboooootdbobod

oooooToooboboooobbooobboobooboobbobobooooo
godgbgbobobboooobobob sildgbobbobbobobooooooon
gboboboogds2, i 1odgg 200bbbooobboooouoooboon
gooboboboooobooooooobbobobbbooooobooooooobo
sl3dubopobooobogobobboboooooboobobbbbooooooobon
gods4dbbooobobobooobbooobboobboooobboboobn
gbdgdobooboboobobobobobboboouboaon

5.1 UOOOOUODOOOO

OOoDoOOoooOOooboooooobooobDboboODO,0bo0o0bopCcOo0DO0bObDODOOO
OO0s5100000000000000000 o 0dBdOOODO0OO0OOOOOOOnO
OO0O0D0O5s2000000000000D0O0DOK10D00000DO0OO0DOO AGC
Ob0db0-60dBmO0O0O RFOODOODODODOO-60dBmOOOOOOOOOODODOO 8
00000000 bO0oDO0bObO0o0 LQUbObDOo0bOobogs3bb0000n0 RFOO
0,900MHzOOOOOO 70MHzO 200 0000000000000000 9000
OO0 OMHz.OOOOOOODOOO £90°0000 £5dBO0OOODOOO0O0OOODOO
gbbodgbogoobobbbiboodoooobobbbobx o5ppmb OO0 DO
0 400Hz(Max) 00 000000000 3dBOOOOO 35MHzO00000O 54000
godobogoguboodboobobogshuugoosshubgoooood
guodoooogoooogoobgboobbbogoooobooboobobood
000000000 IQOO0ODO0OOOO0OO0ODOOO bMHzO12bitO A/DOOOOOO
OO0000O0obOOoOOoOoooboogooopCcoO MUSICOODOODODODOOODOO

25



051000000

IF Frequency 70MHz
Gain 50+ 3dB
RF Input Range —110dBm0O —30dBm
Phase Control Range *+ 90degree
Gain Control Range + 5dB
RF In Connector SMA-Female O
IF' Output Connector [ BNC-Female

0510000000

26




0 5.2: 000

One Board
— Demodulator _
1 Mixer 1 LPF  Op-AMP
I 1 1
1 —O
1 1
Power LED| __ _LNAPats_ _ _ _ ___ AGC Parts _ _ _ _ . ,
I b Atten. ! ) Atten. . .
Fault LED | AMP  AMP T I BPF  Mixer BPF  AMP AMPI '
| i i
: 1y AA . AA ! 9| !
‘ X vllm pls : !
O ! 1 I
REIN]| ‘I ' LO | (+7dBm) : ' LPF  Op-AMP o
O " !
o X LPF | L o
AGC [ \ | \
[ [, 1 L |- Mixer |
LO| (+10dBm)
AMP BPE
Op-AMP
Eletrical Mode DAC AMP
Dual
Relay
Manual Mode % PLL Board
+15V- Phase
Shifter
Op-AMP
Eletrical Mode
Manual Mode
+15V-
Control Board
Controller Lab View Bway
Splitter
A
10MHz
Reference
Clock

053 00000000d

27



1500———T————T 71—
I component o
-------- Q component
— 1000 |- -
>
E
i
*5’ 500 -
o
O_ —
B T R R R—T
RF IN [dBm]
(a) ZIEHDH NEFIE
1.2 T T T T T T T | !
s _\WJ i
0.8 -
@) 0.6 -
—
0.4} -
021 -
0——@ =0 w0 40
RF IN [dBm]

(b) ZEHDI, OHAODE

0 s4: 000000

28



055 000000

5.2 UUUOLOUUOOOLOOOOO

5.2.1 0O0OO0OD010000

gbbogboooobboobooobobobob1gbooooboobobod
Oooboobooboboos2000000D000000000K30D00TOOO
ggoobgoobo4buobub 3+100b0bobbos3oobobogd3x 400
gobbogbboobbgouodbouoooooboo o4t 3x200000
Ooooobobobooo4b00e0bbO0OOb0ObODOOOOYOOMHzODODOOOOOO
O0O0000000O000oobo00 -1dBmO000000OO0ADCOOOODOODOO
OoODoOOoOoOSNODOOODOODOOObO 20dBO00O0O0O0O0O0O0OODDODOOOOOOO
0000000000000000000 5% 1079 /day0000TOOOODODOOO
gogooboobboboboboboboobooooboolgbobooboooann
Oooooobooooooobooooobobosebbs7r0nooTODOOODODO

29



052 00000(0O00O10)

Environment of experiments | Inside anechoic chamber

Number of arrival waves 1

Distance between transmitting

and receiving antennas About 3 m
Frequency 900MHz band
Sampling frequency 5MHz
DOA estimation algorithm MUSIC method
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The "T” character-type 3+1 elements
array antenna (3%x4 elements)
The rectangular array 3 X 2 elements

Element interval

of rectangular and virtual rectangular array | 0.4-wavelength

Circular array 6 elements

Radius of circular array 0.4-wavelength
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054:00000(@OCO0O0O20)

Environment of experiments | Inside anechoic chamber

Number of arrival waves 2

Distance between transmitting

and receiving antennas About 3 m
Frequency 900MHz band
Sampling frequency 5MHz
DOA estimation algorithm MUSIC method
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The "T” character-type 5+1 elements
array antenna (5%x4 elements)
The rectangular array 3 X 2 elements

Element interval

of rectangular and virtual rectangular array | 0.4-wavelength

Circular array 6 elements

Radius of circular array 0.4-wavelength
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0 56:00000(00)

Environment of experiments | Outside anechoic chamber

Distance between transmitting

and receiving antennas About 7 m
Frequency 900MHz band
Sampling frequency 5MHz
DOA estimation algorithm MUSIC method
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Environment of experiments Outdoor
Shape of array Rectangular
Number of elements 4 elements
Frequency 900MHz band
Sampling frequency 5MHz
DOA estimation algorithm | MUSIC method
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