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SUMMARY

Measurement uncertainty assessment 1S very 1mportant 1in
measurement and calibration. RRA provides antenna calibration
services for EMI test. Reliability of EMI test depends on accurate
antenna calibration. Antenna calibration results have to be
accompanied with measurement uncertainty for its better reliability.
This report gives the results of mutual comparison of free—space
antenna factors between NICT of Japan and RRL of Korea. To
obtain the free space antenna factors, NICT use the Curve Fitting
Technique wusing Standard Antenna Method, RRA use Height
Scanning Averaging in which the insertion loss depending on the
height from ground is averaged. Although the maximum deviation
between the values calibrated by two labolatories was 0.6dB at
600MHz in case of dipole, they were correspondentwithin the

uncertainties of both institutes.
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A BABAANA o= T4 FEVY] HAEolZF hed W WHATEES] A E A o]
ol ry FHulEo]l hnd o WAL A=Aol7p drh Ho E HA A=
Zdolol A rvro7t FA dIke]l 3 AY AFH] F rvro = mA (m=1, 2,
3.0 Wl Afratzdel HA S fnt ojegh oA WA (18)¢] ¢-H
AR e 0o FABT 3
ry —jkz
1 / € _dr—0 (19
mAJ, T
o] ¥t}
S99 9% 347 100Mke] 1 wabste] Hul 2 H e FRA
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ry—ry= /& +4R5 — /& +4hi =m < A

= /& AR — /& 4k =m X ———r

A7 f(Mk)E Mz 9] Fapdolth, Algd HAWOZRE e old
E -5 ¢tEUe o]AAYE I0mE st HAEolES ImE o]
2 =23 27 EolE AEAVE IA, 2\, .. m A $AE At
[ 1]el4] ®Bolzth [E 1]elA= 30, 40, 50, 70, 100, 200Mgo] &k o]t}
& AR st A4 (18)el oste] AlAbstH 300Mze] A9 1
o] AEape] A7 Eo] ¥9E Im~252mol L 129pde] AmApe] 270 o]
2= Im~9.91melth 400Mk= 138 1m~2.23meol™ 1638 1m~9.91m, 500Mi
= 194 1m~2.04mel™ 203 Im~991m, 600ME= 194 1m~1.90mo]w
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[3 1] YA s AEA ry—1, = mA/2(m=1, 2,..)° #dEHE= 270
QFELt =70 AlAFEo] hp=1meo]aL SFEHY o] A 2] 10mY
T A227F mA/2 He 27 Hd =9
NEARE 2 A) ha(m) (30ME-200ME)

SOME | AOME | SOME | 7OME | 100ME | 200M
0.5\ 5.72 4.36 431 3.62 3.03 2.23
A 8.77 7.30 6.37 5.24 431 3.03
150 8.19 6.64 5.39 3.71
2\ 9.91 7.94 6.37 431
2.5\ 9.18 7.30 4.86
3\ 8.19 5.39
3.5\ 9.06 5.89
4N 9.91 6.37
45\ 6.84
- 10m* ¥} | 10m=*= 7} 730
550 10mZ | 10m % 3} Jomaz| 775
6M 8.19
6.5\ 8.63
A 9.06
7.5\ 9.49
8\ 9.91
13+ 10m 7.5m 6m 4.3m 3m 1.5m
) HH Y v~ E= 10mo] 7] Wi =7 Ho =ol& 10m<Y
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Transition of antenna factors according to scanning ranges(80ChHz)
—— tmin height=1m
32
—s— min height=2m
37 min height=3m
f min height=4m
5 5 =
g —=— min height=5m
G
hs] —— tnin height=5tm
5 3B6
u —— tnin height="7m
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£%4 — min height=em
min height=5m
2
+ Curve Fitting using
SAM
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hax height (N times of the twavelength path—difference of
reflected waves)
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1

F (hl) = ? [L12 — Log+ Ly +20logf s, + Cro — Coz+ Csy — 32]
1

F (hz) = 5 [L23 — L3y + Ly +20logf ym, + Coz— O3+ Chp — 32] (4)
1

£y (hs) = 5 [L31 — Lo+ Loz +20logf . + Cs1 — Ca+ Coy3— 32]

_ijlm e_jkrlm

_ € _
C'lm - 2Olog | le T | (5)
le = \/D2 + (hl_ hm )2 (6)
T = D'+ (hy+ 1y, ) (7)

HSAZ A 88k 4%, 4 2 54 gteu Alolo] Agl d7h 34 448
1ol hE 34 27 WEd WA 6), 6) L (N 27 g gk

i i i o—dkd =gk,
1o = Cy3 = C5; = C; =20log | 7 | (5-1)

714 HA it W A FolE o ).
AN G-De ARTe wARE mAE AANAA (13)37 A
S ER ol oA =ol@ HSAS olo] we Hite ANsA Hu

(5-1)
—jkr;
o ZgEe —— & 0= FHS sHol G- vhEa Lol gsh
ENT F ok
Oaverage E< q >:_ 20log d (19)

o

TejE g 3-QHHU HSA Wwle] Abrait QU b= 42 v WA
(20)°] =t
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Fy (freespace ) = % (L1 — Loz + Ls; +20l0gf 1, — 20logd — 32 ]

L Ly — Lo+ Lyy+2000gf 1 — 20logd —32]  (20)

F, (freespace ) = 5

Fy(freespace ) = % [Ls3y — Liy+ Loz +20l0gf 11, — 20logd — 32 ]
o714 1, 2, 32 22+ FHIYE o m ek, L, Lo, Lo <FEIVE 2 (1, 2),

(2, 3), 3, Dol thste] zololl wet a7 S gkel Fds AT At

tElLt ArdEAe]
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# 2. NICT s=tH vy Ao A5 e

o tel Lt =70 o] (m) 22 obg| Lt ob g L}
Tk At 2 wolm) | ol AAm)
30 1 6 4 20
40 1 6 4 15
50 1 6 4 12
70 1 6 2 10

100 3 6 2 10
200 4.5 6 1 10
300 3 4 1 14
400-1000 1 4 1 10

12 o e =

Mg 2L ko Mo

H

ZHH el Curve Fitting MethodS AF&3tar Qth 28y Fub4

Wi ol Zhol 7k Qlth. 30ME-300ME W2 A ASHA Curve Fitting Method&
&3t= wkdel  400Mz-300ME 2m s=o]¢] FElu IAE FA s LAY

St Y AAE AbE S

o] 7] 4+ Curve Fitting MethodS 4]

AERS AYsithdurg oz ey ¢y

_E
F = Vv (21)
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AF = E/V

[ 13] eleizte] el

[ 1218 PAHANA SrELe] 9 Puuszt Z, % a1 AEDo|7 he
ol A7 P ANUAE Zeha A Ao

Zo7tAE 2 dds ol e [29 1319 22
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(29 139 S7hEl el Qe A4 Ao A QDE olgaY kool
StElY} Q1A QuE e} heu AEA R e 2ol AR

E 1 Z,+%
F(h)=%: = a
(h) == 7 (21)
o714 <SteElve] Y dydas AP JA HHH A A wiEel
Folo| ojFEehs Frolth T EE tHue] Edds 78 e 2o
WA ow AT St Al

51 Aol A Z(eo) AT o
NEY AAE ol et FEYSH
o

Z:(h)= A o2 o

(23)2 el ofstd Z(h)= =olol meh F714& zterw =ol7f Tkl w
g} ol®l Fholl =dHsl= SAo Av. aE=E WA (2D, (22) 3 (23)

oste] SrElLl QAE Thed g FAom muE ¥ 4 ok

. _ cos (k - 2h+ AQ)
F(h; b, A) = F(e0 )+ 4 ot T (23)

A F(oo)= mAIFEA o] W] ofsto] FHFA o

uelatolar, A, bl R A6E HEF oWl wmX|golnt. o] Fk nAFES
GHUH O Z Folol wt SA4ste] WAA (1000 &3] Ag =0
Fe] dlelHES o] &3dte] FHAASW (Least Square method)oll we) =
gt 2 zE a9 2R ERY At eV QIAE A&t
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A F 29 NICTS 30MEz - 1000ME the EMI =

[ 3] A3A249F NICT

A A Ad FAHE A= (% 39 2d =
A2 [ 18] HejErh Blal Fakge
400, 500, 600, 700, 800, 900, 1000Ms

WA oA A v W

9g oret
& o

g ok
713ke] ofel A
+ 30, 40, 50, 70, 100, 200, 300,
14347 of .

RRA NICT
7] 45m*30m 45mx30m
Ground Plane Steel Sheet+
5 H Steel Sheet
12mm mesh

A E =0 10m 6m
N Network Network
=7 )
Analyzer Analyzer

\
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[2%] 15] A A5 2(3) 2 NICT(5)9] Qtelvug ofejA| 374
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Al 2 A golE HEY

Ol

(18 4] 9 Z23E gz W [19 15] e H®
skt
(% 4] vl g tholEeketbe] A9
A =2} R Model T o
Anritsu dipole MP 652B 30-200MHz
Schwarzbeck dipole UHALP793 300-1000MHz
[3 5] tho] &<tevt g4y} v
Frequency NICT 9] RRA®] Difference
(MHz) A 7H(dB/m) A 3H(dB/m) (dB)
30 2.27 2.44 -0.17
40 4.81 4.71 0.1
50 6.72 6.49 0.23
70 9.56 9.44 0.12
100 12.88 12.57 0.31
200 19.08 19.02 0.06
300 27.31 27.42 -0.11
400 29.89 29.99 -0.1
500 32.01 32.01 0
600 33.55 34.15 -0.6
700 35.22 35.25 -0.03
300 36.59 36.86 -0.27
900 37.90 38.42 -0.52
1000 38.57 38.59 -0.02




dB/m

Comparison of NICT and RRL for Dipole

200 400 600 800 1000 1200

Frequency (MHz)

o

‘0 RRL Antenna Factor B NICT Antenna Factor ‘

[29 16] thol & <QFHlY nAgdy} Wal ef

Difference of NICT and RRL for Dipole

400 600 800 1000
Frequency (MHz)

‘—O—Difference of Factor ‘

[2® 17] thol & <QHely A ds §F 7189 Aol
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A 3 A volmyZ Qe Y

4

Ao Fug 9de 30ME-300MEzo] i
2 ZF 7]#A A

ol 54 WAt vlo]l sy Z eV Aot Aol A FH|skal Al

T Schwarsbeck BBA9106
4% A B Hololw [29 17] # [19 18] =
% AfolE aH R HojFET

]D} [J—E

3

6]
2 3}

R I %—@12?(?%) %—@ZRQEB/W ?LBI
30 184 18.87 -0.47
40 14.8 14.71 0.09
50 11.1 11.35 -0.25
Hlol m 1zt 70 6.0 5.81 0.19
100 10.2 10.33 -0.13
200 16.8 16.55 0.25
300 19.7 19.31 0.39
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Comparison of NICT and RRL for Biconical Antenna

3
3 —e—NICT
S —=—RRL
(@]
®©
[T
0 50 100 150 200 250 300 350
Frequency (MHz)
[ 18] vfelmyZ <tey w23 vlal 18
Differences of NICT and for Biconical Antenna

E

m
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(o]

L

Frequency (MHz)
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Al 4 A dg=57] dEHY

of,
19
rlo
w
S
S
=
5
—_
o
S
S
=
=
o
=
wm
o

=
=

Q

=

wn

o
&

o}

Q.
(!
T
>
—
v,
S
)—A
o
)
o
v

[ | StElv w2z na
NICT e A2 ZFo
) =74 Zé_(;r(jB/m) };_R?Jr (jB/m) (LB]
300 13.6 14.00 -0.4
400 16.1 16.17 -0.07
500 17.3 17.44 -0.14
600 19.1 18.93 0.17
700 20.1 20.29 -0.19
300 20.9 20.81 0.09
900 21.8 22.02 -0.02
1000 22.7 22.90 -0.2
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Factor(dB/m)

Comparison of NICT and RRL for LPDA

—&—NICT
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A5 A ZARGE
CISPR/A/644/CD Ao ANG relvtingel 483w F49 xS
THOR F A% A mAPW] dF SPRHEE AEAsih FaD
ARt 9o YENARAY), PAY, LR, vtrE 2D Fon
WA, orE A, AEFe] FARE 5& medgt oAF S Ay
A729 W HSASl olsto] trolZctut mAgel tg ae FUEE
[E 8lM RelZTh [E ol % 7ol AE¢ ZYRIE nuds o
[ 8] HSA®| o1 thol® creu wge] B3E FHE
Uncertainty sources and Uncertainty Probability Divisor ungéig?sgl +
influence quantities value, = dB distribution aB
Site insertion loss measurement AL
Network analyzer residual error 0.166 rectangular V3 0.096
Combined mismatch 0.049 normal 1 0.049
Temperature effect on cable 0.0974 rectangular V3 0.056
Repeatability 0.180 normal 1 0.180
Combined uncertainty, AL 0.22
Evaluation of the induced voltage, AC
Antenna positioning error 0.107 rectangular V3 0.062
Directional alignment error 0 rectangular V3 0
Error in assumed phase center 0 rectangular V3 0
Mutual conpling witn ground 0.0044 normal 1 0.0044
Site effect 0.1 rectangular V3 0.058
Non-uniform H-plane pattern 0.2 V3 0.115
Reflection from masts 0.07 normal 1 0.07
Ambient RF interference 0.1 rectangular V3 0.058
Combined uncertainty, AC 017
Evaluation of the induced voltage, AF
Frequency 0 rectangular V3 0
All Combined uncertainty 0.28
Expanded uncertainty (k=2) 0.56




M5 e 7|2el Asny A Hlw
[3 9] Qtellvbd 7lae] 4 ESE vl
QrE L NICT RRA T 3= (M)
tho] & 0.52 dB 0.56 dB 30-1000
vpol Ay Z 0.4 dB 0.58 dB 30-300
7] 0.7 dB 0.65 dB 300-1000
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=4sle A9 3-¢FeY Height Scanning

AFEeHE Y QAL E
Average¢} NICTS] #EetHUH S o] 83k Curve Fitting Method= 37
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thol Z <tellube] % 600MEzol Al 0.6dB 2 900MEol Al 0.52dBE A€ slare
0.31dBolWle] £& AFE AATH 600MzelA 0.6dBE= & 71#e] SHETE
(A2 056dB 2 NICT 052dB)E et &%53 I dds=

g
T2 ddteltt. B ey EA mpolmyZt bELEe] A3 30MEol A 0.47dB,
300Mizoll A 0.39dBe] ztol & Ajelstar vl 4 Faa E5F 0.25dBHE F
= dAE BHQew, maF7] <rElve] A 300Mgoll A 0.4dBE Al etaL
EE F3ol A 0.19dB o] ¢
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