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Abstract

This paper presents a quantitative comparison of the antenna gain measurement uncertainty between far-field antenna test ranges and
compact antenna test ranges (CATR) using a unified evaluation framework. Antenna gain is a critical performance metric in defense
and aerospace systems, requiring systematic uncertainty assessment to ensure measurement reliability. Based on the JCGM 100:2008
(GUM) and IEEE Std 149™.-2021, this study compares a far-field gain uncertainty assessment and CATR-oriented uncertainty evaluation
framework. The results show that far-field measurements were primarily affected by environmental factors, such as ground reflections,
multipath propagation, and environmental stability, yielding an expanded uncertainty of approximately 0.60 dB. By contrast, CATR
measurements effectively suppressed environmental multipath effects under controlled indoor conditions. However, system-dependent
factors such as quiet-zone amplitude uniformity, feed and reflector alignment accuracy, and impedance mismatch dominate, resulting
in the expanded uncertainty of approximately 0.64 dB. The structural and operational characteristics of both measurement systems are
compared, and practical guidelines for selecting an appropriate measurement approach are provided according to antenna characteristics,
frequency range, required accuracy, and test objectives.

Key words: Antenna Gain, Measurement Uncertainty, Far-Field, Compact Range

=38} - 4x(Agency for Detense Development)
- Manuscript received March 10, 2026 ; Revised April 3, 2026 ; Accepted May 11, 2026. (ID No. 20260310-015)
- Corresponding Author: YongGil Kim (e-mail: dong1230@add.re.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 675
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 37, no. 7, July. 2026.

.M 2

QHe} o) Santenna gainy& Felv}e] A5E Wrkste
PV 71 RAHAE B9 AR, ALs A4 9
& Z4o) 279tk 53] F L 4397 FopIAE o
B Aol A28 &8 A5 Ba5DE, JgEely
EFSE QL 0|5 £ Ao S 85l 1
B A 24 BIAE 42 8 9, Bk B,
DA WAL, 87 Wa 5 O 2ele] 23 A3 9
WA, 0|2 QIsh ZAgt AR gk Aolol 81

R B
gk QAL WAgit) olgek eaE AAHCR Hesia
24 A7 AFEE FHap] feide 4 29
(measurement uncertainty)oll thdt A 24 Hr717h e sih
=4 B tE A2 71E2 JCGM 100:2008
(GUM, guide to the expression of uncertainty in measure-
ment)ol A AIA I Q1o StV 54 Fofell M e
IEEE Std 149™-20210] D)4 ZFO2 S8 9l
g 3o wa, L o] 5 SHME S

o

P

mi oo
=}
R0

lo rIr
=
%

2 o
)
ftl
> o
e
ro, ko

% RSS(root sum square) =
Hrtsit) HIo= olgsk 4
-field) 57 3ol A 9] e L
Ak A7 s o] Skt
5 34 AFoxs AE o ey
er test)9} 3 ?_}Eﬂ‘/]' 7LQ] O]E Ae
J%li}

=Oé
NI
)
Sot
o3
e
Sot
i
e

X,
~~
)
2

’:h

(

O 2 ojtt |1 of
A

N,
r
(o,
2
o
o
fo
ofr
®
A
o>
(N o2 or ol _B
oy e Rl r>~
e o2
o,
o
>
o

¢
o,
2,
=
ru
e
Sk
bt =

o HJ
we
E

1}11 ox, e H‘[ —|—‘

N

o F

oxl J
1o
LL
(ST
o

it
1o
N
2
ki
T
M
1%
ol

=
L)
>

e
E&

o A9t B £E3
o 71e8) o, 49 3
AW 71 S A
& 324 IE Adn

oL 01(_)‘!.‘ _L‘
4o ooz min Jfm

é
to

o|N 4
XN

compact antenna test range) A|Z~%<] 8o

ok AU E HAAE WARAIE o] sl AlFE A

of W} JS(quiet zone)s FAIFOEMN, A
Al

o fAKE 2R 2L $AY & e

676

t} o2 olg] 9 87
AR WS gFo R
AU, 3 Y 93} quiet zone %f‘zﬁ 2
_'Qr Q_]o] /‘HE E}E o_]o] 29 5}
F8ka, AR %Zdﬁﬂ
ke BHE FE3} 7low
B

B

o)

offf ¥
ne g

wx (M oyo
MN ro
o X

i
ro
o N
©
il

1%
&)
dm 2
rir
Y
& oo 1t to

= oX

9,

2
Bl oo
rir i
)
ML
o
o e

o
__)f(_n"
b

1- -
N, N

I~z oo
oE
>
lo
m{E ¢
tot
S

=

R}

2]
TOM A wkt} o]
149™2021& 7] QE, %J
A7 HAYE fﬂlJ

rir
Mo
2,

[N
o

2,
o
At e o
-
2
=
&
@
o

H_i m.ln;
o, o
N H
[k ot

AN

T ru[o r2

Mr W
e
Lot
&,

Koy
ok
ﬁOL
4
b
o
v}
o
o

sl
Ho,
1
lru
OHI
ne
rsﬂ
i
> 2
fu (o =

=°.=
_{
I\
o,
o
>
(¢3
it
oX,
0
o,
)
ofil
2
2

N Jm B

> o
ofr
ol
kd
[

ox!
ox
Ay
L
I

o f
o2t

_P*‘L_ﬁ?j

I
}O]‘:ﬂ}o = AlQkgtth
JCGM 100: 2008(GUM)«] E3E A A
% B3 = RSS(root sum square)

ol

Mo 1@ g

41 4o o
o
T
-0

> ?

e rx
}"EI ﬂllo

_>‘4_11
N,
=
|o
fu
_0|L
S
Jﬂ

o Mo A >
r=

et
e
rg r
4 &

N,

L
ot
tr (N

77|

A
MAHOR FaslolgoL, FA

o

N

)
b1
1%
°
=

>
N
R

)

2
A= Al o]t
GUM ¥ IEEE Std 149™-2021 7]ute] £
ZHAHYIE HL319 far-field?} CATRE]
1.1 vjg 3o, Al @2k wAY S-S ¥
Stk Aelld 71E A7 A Zdeth
E9 Tk A BlE ol B8 A 8919 724 A}
SIE=3 %ﬂg?‘s} o2 7juko 7 =7 upa) NelL 9)5l AR A 7}
S AABRs AojA] sk 284 7)oE 7k

53] % ATE F S WA & BT &

re
re
o 4
o _i flroox MN o
o
Ry
o
fru
=
E]
ﬁF

mlo

FJ HHE e

i

i
K}

= AFgH
FEQIE B, AN BAE F2o] 37 29
B Hx A7 FA w3
Table 1. References for comparative analysis.
Category Reference
Paper A far-field measurement [3]
Paper B compact range measurement [4]
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Table 2. Changes in far-field uncertainty components.

Evaluati
No. | Uncertainty item leon Cause/mechanism
Source polarization
Source . ..
1 e . B purity, positioner
polarization purity
accuracy
. Receivi t
2 AUT alignment A/B .ecelvmg antemna
alignment accuracy
3 Gain standard B Standard horn antenna
uncertainty calibration certificate
. M t
4 Repeatability A easurer'{le'vn
raepeatability
Mutual Transmit-receive antenna
5 ) B .
coupling-SGH mutual coupling
. T itti i
6 Multipath A | reflostion (miunséd;d
reflections-SGH &
structures)
7 Leakage-SGH A Cable/facility leakage
g Impedance B Reflection coefficient,
mismatch instrument specifications
9 R ceever B Receiver nonlinearity
amplitude linearity
Recei i . .
10 coeiver dynamic A Receiver dynamic range
range
1 Phase error B Phase measurement
error
1 Mutual B Interference factors
coupling-AUT around the AUT
Multipath L .
13 reflections-AUT A Receiving-side reflection
14 Leakage-AUT A Receiver cable leakage
Environmental
5 Environmental A conditions (temperature,
stability humidity, wind speed,
etc.)
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Table 3. Changes in compact range uncertainty components.

Evaluati
No. | Uncertainty item Vtyl;?elon Cause/mechanism
phase center - focus
Range antenna .
1 . B misalignment, reflector
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geometry
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roughness
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Table 4. Comparison of uncertainty components between far-field and compact range.

FF item (15) CATR corresponding items (16) Characteristics Analysis
Gain Stapdard Gain standard Common -
uncertainty
Impedance mismatch mismatch Common -

Source polarization Feed polarization+
purity reflector cross-pol

Increased feed
influence in CATR

In the CATR system, polarization distortion can occur
not only due to the source (feed) but also because of
the curved surface of the reflector.

Multipath reflection Removal (absorber, QZ)

FF intrinsic error

The far-field range is highly affected by reflections
form the ground and
surrounding environment.

None Reflector surface accuracy

CATR intrinsic error

The level of multipath reflection depends on how
smooth the reflector suface is.

# 5. Farfield 2% 3548 43
Table 5. Far-field uncertainty component results.

No. Uncertainty item Far-ﬁe.:ld

uncertainty
1 Source polarization purity 0.161
2 AUT alignment 0.001
3 Gain standard uncertainty 0.165
4 Repeatability 0.058
5 Mutual coupling-SGH 0.000
6 Multipath reflections-SGH 0.080
7 Leakage-SGH 0.002
8 Impedance mismatch 0.157
9 Receiver amplitude linearity 0.000
10 Receiver dynamic range 0.000
11 Phase error 0.000
12 Mutual coupling-AUT 0.000
13 Multipath reflections-AUT 0.033
14 Leakage-AUT 0.000
15 Environmental stability 0.032
Combined uncertainty URSS (1q) 0.299
Expanded uncertainty URSS (2q) 0.599

GUM(JCGM 100:2008)°1 w} 7+ £ 35 RSS(root
sum square) WHO 2 Agste] T B 9 g B8
TE A&

LA 54 AHE 5)E B, A 2 FH 722

H 6. Compact range &&= &5 A3}
Table 6. Compact range uncertainty component results.

No. Uncertainty item Ci?g::t;lr]ﬁge
1 Range antenna alignment 0.000
2 Polarization mismatch 0.009
3 | Range antenna quiet zone coupling 0.004
4 Reflector edge diffraction 0.080
5 Reflector surface roughness 0.000
6 Leakage and cross-talk 0.000
7 Room scattering 0.000
8 Quiet zone amplitude taper 0.018
9 Mismatch 0.247
10 AUT positioning system 0.000
11 Receiver non-linearity 0.000
12 Receiver dynamic range 0.000
13 RF repeatability 0.022
14 Multiple reflections 0.000
15 Gain standard 0.185
16 Other sources 0.000
Combined uncertainty URSS (1q) 0.320
Expanded uncertainty URSS (2q) 0.640
A = WAk &7 oA BY ol 2 &
g 7o 2902 Yeigton, 25 ¢EHY o5 2%
S5 9lEs YA 94 AYHOE 2 AodEg B
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Table 7. Far-field uncertainty component contribution results.
I¥
Uncertainty S m@d Contribution
No. . uncertainty Remarks
item %)
(1)
in st Dominant
p | Ganstandad g s 1 304 omne
uncertainty component
Source Dominant
2 polarization 0.161 289
. component
purity
3 | [Impedance 0.157 275 Major
mismatch components
Multipath .
4 | reflections 0.113 143 E“V:;’fi“;l:mal
(SGH+AUT)
5 Env1r0r@ental 0.032 L1 Auxiliary
stability components
6 Other . < | Negligible
components
Total 100 %
H 8. Compact range S 354 719% 43}

Table 8. Compact range uncertainty component contribu-
tion results.

. Standard L
Uncertainty . |Contribution
No. } uncertainty Remarks
item %)
(1))
| | mpedance |0 376 Largest
mismatch dominance
2 | Gain standard |  0.185 2838 Dominant
component
Reflector edge Structural
3 diffraction 0.080 o8 effects
g | Quietzone |, 1.0 QZ effect
amplitude taper
5 RE 0022 15 | Measurement
repeatability stability
Oth .
6 o - <1 Negligible
components
Total 100 %
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Table 10. Comparative analysis of far-field and compact
range measurement methods and selection guide-
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Category Far-field

Highly affected by
external environmental

Compact range

Environmental .. Stable due to indoor
conditions, )
effects environmental control
weather-related
variables exist
Reflection | Ground and structural | Excellent suppression

suppression | reflections are present using abosrbers

Frequency Frequency-dependent Stable frequency
dependence variations exist response
" Supports precise
. Large positioner, PPo p
Alignment . three-axis alignment,
alignment errors are . .
accuracy feed alignment is
present .
important
. Standard horn,
Dominant . . .
. Environment-multipath, | alignment accuracy,
uncertainty .
standard horn quiet zone
component -
characteristics

Operation and . . .
Low cost, requires a | High cost, requires a

installation . .
large test site large indoor space
costs
High frequency,
L Large outdoor antenna, g q. . Y
Application high-precision
o low-frequency
suitability measurement, beam
measuremnet .
scanning, antenna array
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