


@2 AIST
— ST T RIS, 7T REEH
Friis transmission formula
(EARAFE/AEDICE T EAREALGT LA AIRELEERE TDRIEASNE)
WTER BN ZENF NGy (0)=10logo(gnr1(®)s Gnra (@)=1010go(gnr (@) D2ERD T >
THERWIEE DS, (w)=20logo(|s21(w)) BIERERIEX. 7T EEEM=2z. & 7T
FDIRIYFAREM,=1-[|]2. Mp=1-[L,PDEL T, RRATRT CEMTES,

A

2
|S21(a)52)|2 :M1M2(Ej gNFl(a)»Z)'gNFz(a)aZ)

ToTHRBEHRDIBE  2RKDT T FAF (0)=20logo(afi(®)). AF\(®)=20log,o(af;(®))
D2EKDToTTHRANEZEDS, BEHKRIL. 7T EEM=z2,LT. KX TKRI
ENTES,

1y - Ky 1

521(0)92)|— : —
Z, dqf, (w) af, (a)) z
SZI((O) =—AF, (a))— AF, (a))— 20log,, z +20log, {(770 -k, )/Zo}

AF, (a))"' AF, (a)) =—| SZl(a))| —20log,, z + 20log,, {(770 -k, )/Zo}

TUTTHREDAF,, AF,, AF;O3ROT7oTFHHAWTCERITERYT A2 EIZKYERT
T FTDTOTFHRBEERTAHAENTETHS.

NNNNNNNNNNNNNNNNNNN ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



SRR PO EZE E L FrisDisiE Akt =AST
48 (@) i EE B LU FFriieD{miE 2= [1][2][3]

521 (e0, Z)|2 — (1 —[5 (a))|2 Xl —I (a))(z { 477(z +d, (/611))"‘ d, (a)))j £1n ()220 () 3)

HEAECI1T7UOTFHFETIR RETUTFHERET VT HIIRI— D770
LITRERT ZEMTARE,
FTHHE 2.(0) = 2.0(0) = 2.(0), I 1(0,2)=T 2(0,2)=T( 0,2).ELTRHK ELH S,

o ()= 47z(z;t— zz)(1 P )1[ 1 B 1 J o

|521(a)> Zl)l |521(a)9 P )|

1 1 1
2 ()= o _
affar( ) Zy- A £|S21(wﬂzl) |521(a)922)j21_22 (5)

[1] T. W. Hertel, “Phase Center Measurements Based on the Three-Antenna,” Proc. 2003 IEEE
AP-S Symp., vol.3, pp.816-819, Colunbus, USA, June 2003.

[2]K. Harima, “Accurate gain determination of LPDA by considering the phase center,” IEICE
Electronics Express, vol.7, no.23, 1760-1765, Oct. 2010.

[3]M. Hirose, S. Kurokawa, M. Ameya, “Theoretical Investigation on Relationship Between Near-
Field Gain and Far-Field Gain Using Phase Center,” Technical report of IEICE, AMT2012-02, June,
2012. (In Japanese)

NNNNNNNNNNNNNNNNNNN ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



a2 AIST

Biconical 7 T H RHEEHERDEART7 T FTHRBMEDELE

(E—AVNEICED)

1.4 i
--o- 3 m STFT
{2 10 m STFT
' —=—using Phase center( 3 m and 10 m)
—— 3 m fix
m 1 —— 10 m fix
A2 Z1dB
S g 1OMBEIEEM TRIESNETTHHRRE EE
‘*é U SmEIEEM TRESNETUOTTRADER
5 R KX T1dBFEE
8
G
o
S
5
i
A
0. j
%O 60 90 120 150 180 210 240 270 300

Frequency (MHz)

nationaL insTirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



B HRERKDD=ODERBEBDT 77 EEERE

(#a

= 5

FARNY

E BRI RN DE)

@ AIST

A _
i (-Ir=)) G,

Ideal Distance from the insident point of antenna (m)

B S RFEFrisfE RN FHLU-BEMLET T IERE

-2
: affar

e
)

e
~

<
w

0.2
0.1 N e
‘N w: 1 m
/ -=-2m
0 . o3
===4m
o EAREHHTEEOOTUTSRIERE, #E  —n
. - o= ~
FIRBA CIEARTE R IR S £ 3E <5 ~lom
'230 60 90 120 150 180 210 240 270 300
Frequency (MHz)

nariona nstirue o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



a4 AIST

LPDA7 T+ BRBELBERDEART T HERHARED LR

(E—AVNZEIZED)

1.2 : : :
e 3 (EEET—) TE#RE)
===10 m (Ermo— L%k
! \ — using Phase center(3 m and 10 m) ||
\\ === 3 m fix
0.8~ —+ 10 m fix
\
\
\O
= 0.6 AN
o ‘“
Py N,
:g: 0.4 \'\.
5 T AR
Q02 M N e e e
-0.4
300 400 500 600 700 800 900 1000 1100 1200

Frequency (MHz)

uuuuuuuuuuuuuuuuuuu ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



a4 AIST

Bi-log7 > 7+ RMEHEROEHRT T+ RMED LB
(E—AVREIZ& D)

1 : :
===D=3 m fixed distance
===+ D=10 m fixed distance
\ .
\ —D=3 m and 10 m amplitude center
0.5~ A
—~ Y/
aa \
° 1
-
5 "\
g ‘.”,0 ------ ““
q; 0 ’T’ ~ ‘JA P e O —’
= 7
8 v e
= \
< \ ...............................
L2 N R Atk o E R I T TN N TP PSR
o \
o -0.5 \
>) A Y
= Yeu
L \
) | W 7\
qq: L4 \ I\ 4
-5 \\ " \\ ,[
«~
-1 R W RN J/
NI “"'\v«.\ I"\\ l'\ I,
\
\\ll s\_.‘/ \\’I
-1.5
200 400 600 00 1000 1200 1400
Frequency (MHz)

nationaL insTirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



EEKRZALV
ToTHEEREEZEYRNTYD
EMIBIEAEREE (BERFEER)
17R—KVNA
Open Short Load #RIE¥vhk
BlIER S — D ILIEWNARIESTT7A /N D

L1|=|7-/Td_t 1|=|
ToTTIEE—4%5H%
OTUTFEHET
ZENVETEE

H= From 1.5 m
to5m
Delta H= 10 cm

Metal ground plane




TUoTTEERIEE
A7 TFER) Bi-RoF
AUT

a2 AIST

LPDA

A: From1.5m
. to5m

"V

MWAMRoFZRALSE
T7oTTEHOERIEZES
== Jita A] BE

Single mode
optical fiber

r—2JILHhe D R ETE

?JE’C%%

.....‘
"'-...

uuuuuuuuuuuuuu

NNNNNNNNNNNNNNNNNNN

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




= Fap— L AIST
ToTHFEEREZEZDRE oume BTN scevce

ToT T EERE =TT E x 2

LPDA

A
1

iAbout 5m

E 2

~
~

<4------=-=-=-=-=-=-=-=:

<

To Network Analyzer

Metal Plane

525

N6H9] b]9UG

TR
e
A
Fotete!

1.0 VSHMOIK YUYASEL

TR R R
(SOEH I
L5055

botetetetetety

R R
(S0
550
oeteled

i s e

4
4,

TR IR,
SO

S

eoete!
eeeteielels!

L

SRR
tevetes!

TS

XS
5

o9

yporg 1

AN

Ao
eteteletede!

Teteteletste!

%

TR

o
£52%

%%

T
&

<
Yatets!

5

4
5505

R
58
-
!
]
<

bty

P25

nariona nstirue o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



a2 AIST

S, (dB)

RIMIIYNT =T F AT AT 7FANIZELDR—FEREE
(WARMENXT7A/IN)I9FED21—)L)

Vector Network Analyzer

20
0 _________ " /WN\VW\ /_,\
__________ fnﬂh \/ \J
20 s "\
-40 ‘ g X \
_60 ............................................................... “ 30! \\‘»\
T A AU A A . "\, Al
80 [Tamea ) pY.
ATT=20dB
-100 | —= ATT=30dB % 1000 2000 3000 2000 5000
—— ATT=40 dB Frequency (MHz) |
00 Lomes o
—- ATT=70dB BAl  ro7oiucser ||
-140 f \ x ‘ J s A
L2 3 4+ s |portt Port2| | IS
Frequency (GHz)
; P
Photo Microwave Directional ¢ Microwave ——
diode amplifier coupler amplifier | modulation :
Optical P P P Laser diode Optical
fiber fiber
coupler Direct RS | Directional Microwave Photo sompen
modulation [« . coupler amplifier diod
. amplifier p p ety
Laser diode

nariona nstirue o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



@ AIST

S, (dB)

Si(0) DEESTDRIERR

-50

-60 '

Bl | |

—2m

—3m
—3.5m |
4 m | -
—4.5m
—5m i
= Avg

250 50

750 1000 1250 15

00 1750 2000 2250 2500

Frequency (MHz)

NNNNNNNNNNNNNNNNNNN

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



-70

0.00E+00

-8039

-40

%%éf@Snt(t)ﬁﬁiﬁ ﬁﬁiﬁ@ﬁ‘gfﬁﬁﬁﬂjﬁﬁg%

a4 AIST

1500mm
1600mm
1700mm
1800mm
1900mm

2000mm
2100mm
2200mm
2300mm

2400mm
2500mm
2600mm
2700mm
2800mm

1.00E—08

& S11(t) (H=5m)

S 117intrinsic(l) —

r.". )
A

N

In

i

MO/

LA
It
\

2900mm
3000mm
—— 3100mm
3200mm
3300mm

3400mm
3500mm
3600mm
3700mm
3800mm

3900mm

4000mm
4100mm
4200mm
4300mm
4400mm
4500mm
4600mm
4700mm
4800mm
4900mm
5000mm

P =+H=1.5 m (D=3 m) org

—H=1.5 m (D=3 m) stft |

- H=5m (D=10 m) org

— S11_intrinsic(t) (Height Average)

-90

-100

-110

-120

S 1 lambientiref(t)

S 11 undesired(l) N

£
RETO RS

| 4

4

|
A
|

-50

-55

|—H=5m (D=10 m) stft

- HELETUTHRIE
=S5 DRIREBFS

| | 1 | | | | ‘
250 500 750 1000 1250 1500 1750 2000 2250 2500
Frequency (MHz)

0 20 40 60 80

Time(ns)

100 120

nationaL insTirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



a2 AIST

SLFEARNE) 107 E B L =FriisDIEA R

RIEHIDEZE B LU -FrileDInEA X [1]1[2][3]

2 2 5 A :
|521(a),z)( = (l_|r1 (a))( Xl_|r2|(a)) (4%_(2_'_0,1 (a))+d2 (a)))j i (a))g2oo (a)) (3)
17T T AT EEGET7UOTTHFERET T TR BEDT7 T FTFDEHLUTERT
CEMTTEE,
FTHHE 2.(0) = 2.0(0) = 2.(0), I 1(0,2)=T 2(0,2)=T( 0,2).ELTRHK ELH S,

2. (@)= 4z = 2,) (e 71[ - Jl 4)

/1 |S21(CO, Zl)l |S21(0), ZZ)|

affir(a)) o £|S (1 B 1 jz 1

_Zo’io a)szl)| |521(a)922)| —Z, (5)

[1] T. W. Hertel, “Phase Center Measurements Based on the Three-Antenna,” Proc. 2003 IEEE
AP-S Symp., vol.3, pp.816-819, Colunbus, USA, June 2003.

[2]K. Harima, “Accurate gain determination of LPDA by considering the phase center,” IEICE
Electronics Express, vol.7, no.23, 1760-1765, Oct. 2010.

[3]M. Hirose, S. Kurokawa, M. Ameya, “Theoretical Investigation on Relationship Between Near-
Field Gain and Far-Field Gain Using Phase Center,”Technical report of IEICE, AMT2012-02, June,
2012. (In Japanese)

rrrrrrrrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



a2 AIST
AR GRME) RILDZEAWV-SBE0EART7oTHERHEEHR
7T S OEER LI BEE BT T RMEHRIE, ERETLTFOTUTF &
ML IRBRIDETDENEND RS, b, BARTUT TR, (0), of; wm(0)Z&
BT, (6O RERT EMNTES.
n 1 1 1
s, (@,z)=
sl @ @) d @) @)

7)%*Fﬁﬁﬁ§%ﬁ%%2_12221, Z:Zth—C, %EE%E—GSﬂ(Zl), Szl(Zz)gi,Es“fEL/, J:Et?fl\‘:_)
di+d, ZHIFRL, XXZE=F5.

. _ I — 1 :
of, o (@)-df, (@)= Z, A £| 5, ]21 Rz

waZ1)| |Sz1(a)azz)|

[1] T. W. Hertel, “Phase Center Measurements Based on the Three-Antenna,” Proc. 2003 IEEE AP-S Symp.,

vol.3, pp.816-819, Colunbus, USA, June 2003.
[2]K. Harima, “Accurate gain determination of LPDA by considering the phase center,” IEICE Electronics

Express, vol.7, no.23, 1760-1765, Oct. 2010.
[31E# HIE, R FTE, BIIE, “CrfBh DAV EERFFEREA FZFFOREFZROERMIRET,”

EFEHBEFESEMIME RS, AMT2012-02, June, 2012.

rrrrrrrrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



Gain (dB)

a2 AIST

LPDADE A FRMGEEZART T HRIEAERLR

14 35
12 ¢ —30!
£
10 ¢ =
=
gl 5 25
=
=
6 [ g 20 L
5
4 £
< 15
2 L
0 R 10 Y H-
250 500 750 1000 1250 1500 1750 2000 2250 2500 250 500 750 1000 1250 1500 1750 2000 2250 2500
Frequency (MHz) Frequency (MHz)

& 77 FF T BHRT T TR

nationaL insTirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



a2 AIST

IGmidh— 7o T T DBEDT7oTTFEERIEEZ YN YD

|
£

L1 1

1117V

t

ETS 3115 old

#

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



ETS3115 (AIEmELE&F) a5 AIST

-20 1 1 1 1
S11:(t) time domain envelope
-40 i
~ o -60 -
2 3 |
- S1(®) measurement results = M I
S S | 0 il A |
‘ il ) w"\w“‘ ‘ J J\
‘ bl L NI LA
40 - 1 -100 (P | ”)" il
| ‘
-50 | ‘ ‘ ‘ ' | ‘ -120 ‘ ‘ ‘
500 1000 1500 2000 2500 3000 3500 4000 4500 0 20 40 60 80 100
Frequency (MHz) Time (ns)
ETS3115 (AIm 7 bER ED/NF—2 Ay
0 | | -20 | | T —15m|]
S11:(t) time domain envelope —2m
40 2.5m||
a -60 r“\
<) |
i VI
7 M b i ““ " 1‘ I\I“i .1 M
S11(®) measurement results Wl
-40 1 -100 b
-50 | | | ‘ | | | -120 ‘ ‘ ‘ '
500 1000 1500 2000 2500 3000 3500 4000 4500 0 20 40 60 80 100
Frequency (MHz) Time (ns)

nariona nstirue o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



Reflection wave
from antenna

under test

10 a5 AIST
0 Frequency domain ]
-10 -
% H=1.5
\./‘_‘ _20 - . . _
70 2.5m
30 —3m |
—35m
—4 m
40 - —45m |
—5m
—Avg
_50 L L l I l
0 1000 2000 3000 4000 5000 6000
Frequency (MHz)
-40 7 ] I | | )
—H=1\5m Time domain Reflection wave
0 _§r5n from Metal
ol " ground plane
— —35m
g 70 —4m .
~ —4.5m
= -80r —Avg
w L. 2<¢v 9@

10 15 20 25 30
Time (ns)

nariona nstirue o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



S - ground reflection wave

a2 AIST

-40

o
S

o0
S

—
o
S

-120

%

FFEREI TD Y ST L — REHK (B #{EHkK) & i

0

—

—1.5m
—2m
2.5m
—3m
—35m
—4 m
—4.5m
—3Sm

”W

W\r

10

.

“'hl l“llnll
15

Time domain gate

“‘W \“ f u(

M *"A
umt it Lllui l ‘ Ay

20

Time (ns)
FFEERELERIOTUTTZDLDOD RS KERERETIIER

S1 lt_ground_ref(t): S11 (t)' A 1t_intrinsic(t)

BREREFHEZRZLLOVTHE (BIFR)

NNNNNNNNNNNNNNNNNNN

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



HS5URTL—o R &R E R AT

-25
30 - il
-35+
S 40
- —H=15m
= -45 —2m
U)N 2.5m
504 |—3m -
| —35m
-55 4 m .
—4.5m
_60 | | | | | | \ | \ |
0.5 | 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

Frequency (GHz)

ToTTEIHAEVIE RKEDKSS (BERRIIAETTOIER) OZEMNKEL
ERHND,

uuuuuuuuuuuuuuuuuuu ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



> o @B AIST
RIFE )% Z [E LT Friis transmission formula o TR pomes

{2 #8 5l % & [E L 1=Friis transmission formula [1][2][3]

so2)” = (I @) Jo- ()| « ) s

47Z'(Z +d, (a))+ d, (a)))
ERBKREZAMALE7UOTHEECREETII. EET7UTFHFERET T AR =TT
FTTHH=8H.
2o1(®) = 2o(®) = goo(®), I' ((@,2)= I' 2(0,2)= I'(0,2), d; (0)=d, () =d (®)

ELTRHKZTHFS
1
47z'(z —Zz ) 2 \! 1 1
e ()= 27E2)( [ - j :
) ey e ©
1 Zz|521 (a), Zz)| — Z11521 (a)a Z )|

dlw)=—
( ) 2 |521(a)921)|_|521(a)922)| (3)

[1] T. W. Hertel, “Phase Center Measurements Based on the Three-Antenna,” Proc. 2003 IEEE
AP-S Symp., vol.3, pp.816-819, Colunbus, USA, June 2003.

[2]K. Harima, “Accurate gain determination of LPDA by considering the phase center,” IEICE
Electronics Express, vol.7, no.23, 1760-1765, Oct. 2010.

[3]M. Hirose, S. Kurokawa, M. Ameya, “Theoretical Investigation on Relationship Between Near-

Field Gain and Far-Field Gain Using Phase Center,” Technical report of IEICE, AMT2012-02, June,
2012. (In Japanese)

nnnnnnnnnnnnnnnnnnn ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



Gain (dB)

ToTTHBRELHGR

a2 AIST

15

[
-

)

—d=3 mand 8 m|
-=-d=4 mand 8§ m
d=5mand 8 m

~-d=6 mand 8§ m
—-d=7m and 8§ m

1.5 2

25 3 35 4 45
Frequency (GHz)

NNNNNNNNNNNNNNNNNNN

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



Gain (dB1)

~ L N 9 0 O

7T HIMEAEICKST T T HIRRAIERRE

Y=Y

EEICKDT T FRF A ERRLEE

method

method

——Extrapolation

a2 AIST

-—Single antenna

(D=3 mand 8 m)

3 - 5
Frequency (GHz)

uuuuuuuuuuuuuuuuuuu ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



a2 AIST

AEFFRDE

ToTT =

—

\Q
—
- —
o9 P
oovol
ono
P
®%
o,
H
o
\.
—o=*
o °
ONQ -
.l.
——
.l.&
o’o.
)
\%
\.
‘.
..l.
~o
o
®
o
H
s
.‘
="
- B~
»® °
0
oo’
.I.
s ®
\.
e
o,\o\
o
l.l.
‘ —e,
\.
oS 3
ooVo
I.
I. .l
®
® \.‘
o
)
omo\
°
QVQ
© o % O © o % 9 9

(ap) 8@@.5

Frequency (GHz)

stirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




DR HARHR—27 0T OROE NS DREFIDFETOD R

(H=1.5m (D=3m)&4m (D=8m) DAl E #& R %= FI )

=
o)

N
~

S

1
-
N\

Phase center diatance from the aparture of antenna (m)
-
(\O)

a2 AIST

1 2 3 4
Frequency (GHz)

uuuuuuuuuuuuuuuuuuu ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



=)

/

ZHFHL\V -
7oTHFEEREEZEREYNTYT
EMIEIERE RIS (B L mEs)

17R—KkVNA

Open Short Load #RIE¥vhk
FEr—T LRI ARESLTTA/N) D

L1|=|7-/Td_t 1|=|
ToTTIEE—4%5H%
OTUTFEHET
ZENVETEE

H= From 1.5 m
to5m
Delta H= 10 cm

Metal ground plane

nnnnnnnnnnnnnnnnnnn ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 27



2 AIST

Outline of single antenna calibration method

Semi-anechoic chamber Double ridged guide horn antenna
(1 GHz — 6 GHz)

e om o Hit
i I - — ‘ !—"‘
AUT L. j RELS
e o
®
WY '.
6 m F
H=1 to5m (] {
<_ AH=10 mm E ! -
VNA | Metal ground plan —
’ T ———
Y LPDA
VNi\ (300 MHz — 1 GHz
" - L4
Miller effect % : |

rrrrrrrrrrrrrrrrrrr ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 28



Measurement setup and radiation pattern of DRGH

a2 AIST

Antenna

1
1
1
1
1
1
1
1
-
”
1

om

Metal ground plane

Frequency (MHz)

Frequency (MHz)

1000

2000

3000

N
(=
(=
(=]

5000

6000
-50 -40 -30

1000

2000

)
S
S
(=)

EEN
S
(=
(=]

5000

6000

-20 -10 0
degree

E-plane

-50 -40 -30 -20 -10 O

10 20 30040 50

10 20 30 a0 50

degree

NNNNNNNNNNNNNNNNNNN ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

29



Sll((D)JEI }&'ﬁlﬁﬁiﬁfﬂ“ fﬁ%ﬁ%

Antenna
support pole

S, (dB)

0 1000 2000 3000 4000 5000 6000
Frequency (MHz)

'Reflelction Wave Ifrom
—1.5m
the ground plane Com

25m
—3m
—3.5m

4m
—45m
S

!‘ M |
gt L T bl | —Ave

>
2 1 19B)

T

-8(

Metal ground plane

-100 ' ‘
15 20 25 30 35 40

0 5
Reflection wave from the AUT Time (ns)

nariona nstirue o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



Sl 1_ground_reflection_wave(dB)

a2 AIST

B HZEREIRKE (= 5°,(0)s )DEIR#FEEERR

/ —3. 5 m

| | | | |

Antenna
support pole

:‘,'/ —1.5m
| 2m
I 25m
3m

4 m
—d S m
S5m

1000 2000 3000 4000 5000
Frequency (MHz)

6000

NNNNNNNNNNNNNNNNNNN ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



a2 AIST

17755 THUNBFriis {miE A =

A
47T(Z +d,(w) + d, (a)))

2
1S21 (w, 2)|? = (1 = [Ty (w)]*)(1 - IFz(w)IZ){ } G1(w)G2(w)

17T AT EETUOTFTFERETUOTTIHR—HFED-O

G1(w) = G, (w) = G(w), |di(w) = d; (w) = d(w), (w) =T, (w) =T'(w)

., = A= _47T(Zl_22) _ 2N—1 1 _ 1 -1
TUTFRB 6= = (s )

— o . 1Zz|521(w» Zz)| - le.5'21(a),zl)|
T TR0 d=-
Xk 2 1521 (@ 20| = 1531 (@, 2,)]

1727 H T, BES2DDEETOS, AEHR 15 EHRTUTT
FISE R AR

nnnnnnnnnnnnnnnnnnn ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



Gain (dBi)

13
12
11

o O

ToT TR ERRLER
B7UTHIMEERENTUTTIE)

<
o
/S O
o LR
OO
& g5
M
2

Gain

Three antenna method
Single antenna method
¢ Difference

3 4 5
Frequency (GHz)

P
V]

a2 AIST

2

1.5

1

0.5 T
(D]

0 &
5

05 &
A

-1

1.5

2

NNNNNNNNNNNNNNNNNNN

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

33



