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Design of Offset Dual-Shaped Reflector Systems for Compact
Antenna Test Range
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Abstract

Gregorian offset dual-shaped reflector antennas have been widely used in the satellite communication systems for
their high gain and low sidelobe characteristics. However, in this paper, it is designed as the CATR(Compact Antenna
Test Range) reflector system, and its near-field characteristics are investigated. The CATR facility needs to provide
an uniform plane wave with the minimum amplitude and phase ripple and the low cross polarization to the test region.
Therefore, the reflector near-field patterns are caleulated and presented with the variations of the aperture power distri-
bution, the feed horn pattern, and the distance from the aperture to the test zone. Also, the offset dual-shaped reflector
is fabricated at 30 GHz, and its near-field patterns are measured. The measured results are in good agreement with
the calculated results. From theses results, we confirm that the designed offset dual-shaped reflector can be used as
the reflector system for the compact antenna test range.
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Fig. 1. Geometry of gregorian offset dual reflector.
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8 2 FEA| FEB | ¥EC
A7E ZZ3D) | 100 2 | 100 2 | 100 A
23 AI(F) 86 4 | 78 A 79 A

2.4 Eoj(h) 98 A | 88 A 80 A
SEN ZhG,) | 5630° | 5519° | 50.20°
AW W9 ,)| 5935° | 5885 | S3II°
ol E 0.42 0.48 0.48

A Ag 50 4 | 62 4 50 2
Mzt 14.22° | 9.601° 8.52°

ot 2 T N

oX 2 T e

33.96° | 26.88° 23.94°




FYE ey X

Field Intensity [dB]

5 . . W
5 40 3 20 -0 0 1 2 30 4 60
p in Lambda

(@ =4 A4
(a) Vertical patterns

)
o, 3
)
0
1 |
: \
]
[
2 .~ Adtype \\«

b —&— B-type

cross pol. ﬂ
50 LA LB
5 40 30 20 0 0 10 20 30 40 50
p in Lambda

(b) % A=
(b) Horizontal patterns
J3 4 72 A% 72 BY 23 AA(0 max=46 4
Z=100 Q)
Fig. 4. Near field patterns of structure A and B
(0 max=t6 A Z=100 ).

11dB A= =7 Yebsy, ¢ A9 234
Uit AR 4 dB A% WA ek

=X mE 2¥ ® A

il
2z}

43 7H M

A7|ME AHFA LTA Al AFE A
g By wZ 23 A4 HeL 1A}

I9 62 +2 CA tis Ay Ag 2xs}
P max=44, 46 R 48 29 Aol i3 2F AAY
73 2 £3 A0S REF7 Qo S AT

S 25 Z=150 1 oz AR gty 17 69l
A BoFERe] 23 AAY AE HEE 7Y £¥
0 max 7t ASFE GEO| R, 0 o7t %4% =
A vetstth 73 Hde g, 2
(-3 M AR L 0 =46 29 7S 7}
vt 3 e ¥ A o AR 1
bR 2 7Y FE7F AL25E WA Yelg

-‘Hq o _}{)1,

E A4S AUSY QEA B Axge 4

0
@ 10
2
2
s 20
2
E
-% 30 b 2 - cross pol.
3
40 [
50 40 3 20 40 0 1 20 30 40 &
p in Lambda
(@@ 3 A&
(a) Vertical patierns
oF SN iy i,
o 10 |
h=h
ry
£ a3 —— B-type
€ —=— C-type
o 30 [ \\L
@
w
4 cross pol. ﬂ
.50 LB L L L L L
50 40 30 20 0 0 10 20 30 40 S0
¢ in Lambda
() +% A%

(b) Horizontal patterns

J8 5 #2 B4 & CY 2 AA(0 max=46 4,
Z=100 )
Fig. 5. Near field patterns of structure B and C

(P max=46 A, Z=100 ).

39 6@l 73 HHy AZ HJE g
0 max Ol 44 29} 46 29 AS ZAFHLCZ £] (B 9]
Wl /M o =48 2% A= 42 dB O] E By
zt %7 nueu Sz 99 AEE 0
=46 ,14 9 -35dB ©|3E Bl WA, o =44

At 48 H 3$E Z2F -31 dBS} -27 dBE HA
Zth I9 6yl ¢34 Hee] A2 ¢4 e
Z FAB Ue Y, 23 Uk RS 0 .44 2
8 7% —42 dB Ol3}, p pue=46 148 29 ASE
zZ+zt -36 dB9} -32 dBE Hth

2 FAY AT Fde A%t 729 g 3]
s THY A X 0, YT £ 00 7
U EE Y 0 0 0 B2 A, 7R Y A
ERE %OWEE o4 AAY HE AR ¥
A FARAG, 284 Aol wel 23p Byt
ez iO}ZIL AE ¢ F ok

455



BEBRESEAGEE H198 B4R 2008F4A

Field Intensity [dB]

@ m ® w w0 ®o» w a
p in Lambda

(@ +3 A4

(a) Vertical patterns

Field Intensity {dB]
8

7y
Z- cross pol. ﬂ
1 1 1 1 ! L Lo e )

&0 40 30 20 -10 [} 10 20 30 40 50
p in Lambda

) 7% A"
(b) Horizontal patterns
J8 6. 7% Co /M+H A EE Wsle] o 2
H AA(Z=150 )
Fig. 6. Near field patterns of structure C for various
aperture power distributions(Z=150 ).

44 HEFE QIR H3lo| ME 2y ©A

AZ4 A W] E 42 AP 999 4
ol ZAXsh=d FLIG VM= AFHLER
B A o 2 AA Hde] 4L T Fd

I8 72 FEBY ANTH AY £X 0 nax=46 2
d o, JFHESZRE Z=100, 150, 200 4 YoiA
AgA Y 24 AA HEE BAE) 19 7)ol
A 2 AAY 3 Y AF QR Z=100 19
75 8o 7 @A Uerstth Z=100 A%+ Z=200
28 AAeA ok 08 dB ol HolHA AR,
Z=150 polME YEhA] gtk 74 Hu g
3Hz-uH) Ast ARL 72150 oA HE B -33
dBE Bgon 7=100 39 7Z=200 &) ZASNE 7}
z} -28 dBS} -27 dBE Rtk 1Y 1b)NA 2H
AA Q) 3 W] AE FEL 7=100 18 B €
Zo] 717 BT, 7=150 29200 49 HL= F4

456

— Z=100 A
—H- Z=150 %
—>- Z=200 2

Field Intensity [d8]

p in Lambda

(& T34 Hd
(a) Vertical patterns

@
=
-y
@
c
2
£
o] 9
Ky /\ & 72200 A
w z - cross pol. ,‘P\‘

“0 i

i
50 LB ! AL LT ) LA
6 40 30 20 -0 [+ 0 20 30 4 B0
p in Lambda

) T% A8
(b) Horizontal patterns
38 7. 72 BY B33 9% dslo] mE 23
A0 max=46 1)
Fig. 7. Near field patterns of structure B for various
distances from aperture to plane wave zone

(p max =46 /\)

oA PAAFE gFo] AL Ytk XA HI} 4
B 25100 po0AM 7P B -40 dBE EFlom,
Z=150 A%t 7Z=200 A9 ZASle 7tz -33 dBSk
-30 dBE HYh

45 28 29 MY Mo OE 28 ®A

FA &9 AY Ah e 2 AA g2 9%S
Zoh. 71 E F4 £9 A9 Heo] & ¥ g
FaoA z+4 ET =14 dBFH ET,=20 dBY 7
o AA vAe 4 TEAH

IY 82 72 Bl Ust 2 AAY #4 & F
¥y Heg Bzt o, 7 A £X o .,
=46 2012, BZH A 2=150 19] YA sf4Ig
Astoltt. 1Y $(a)lA & & ARl 3 Hed
AZ AL 713AE "oy ET,<14 dBY 3%

==

e]
T



FUE et HAE HUAG AWEY 224 BuA Nzde 4

o 10

A

%‘ 2 —— ET;=14dB

g = ET;=20d8  \
£

3

('

p in Lambda

(@) 734 A
(a) Vertical Patterns

Field Intensity [dB]

— ET¢=14d8
—=— ET ¢ = 20dB
d cross pol. ﬂ f
L8 S §

5 40 30 20 40 O 10 20 30 40 80
p in Lambda

(b) =% Hd
(b) Horizontal Patterns
d8 8. 7% BY #3 & MY £X Wz w2
2 AA(0 max=46 A, Z=150 )
Fig. 8. Near field patterns with feed power distribu-

tion variation of structure B( 0 p =46 A, Z=
150 p).

e

o] &2 Wi, &9 gojmt ¢k | dBE BY
A ettt ET,=20 dB3 A&
HHo 2 AXA 05 dB oJHel A €
WERER] gtk ol Zubakz-uhal) )
T -33dB o|3}& Btk I¥ §h)T &
AY v8 HEoZN A& AR 3 ™
ASHAl UERsE oY, 3 dEle] wat w4
A &9 7142 Hols ET =20 dBY) 73

Bl W, ET =14 dBY A$= -50 dB
B4

©
iz}
rlo

o
0%

Mr & e
fle rir

b

o 4o

o Mr o ox O W Rl oM
&

[o]

oh
il

£
Ll
2
rr
(@]
>
—
=
>
>
of,
Lo,
ox
olr
o
=
i
_0,1'.
sl
=3
ﬁ.".ﬂ

I -
T D2= 1691 Tom
1'st org (-490.0,777. N,
NN s
w8

Y
MY

TN da@on

X+ /"
25t oy (BE0.0,-550)

5

D3 15045 mm | -
L S

Di=129274

d8 9. 4AR AAFY LA B A~
Fig. 9. Designed dual offset-shaped reflector system.

o B A 2" A BY S A 3sle] B4 S
gl M3 AL 4 3 30 GHzY o

QL 1 em$l Ao tatd 100 12 2HAHRYL, A
AQ NEFT 7= 70 % B=7 HEE 89

L I Fo] k=88 4 B F WA 2 Ao
F=80 2& 23, 34 &9 7§ NFHEL 10 cm,
MFZHE 13.48°, ET &= 20 dBo] X A4 7Y
TE 0t 46 1F AARAT AY G492 F
HAL N FHOEHE 150 4 BolR A A3
Atk I8 92 ANE RdZ Aztg AUy o
A i AlAHY Z2HEE HAFT HAR
glolEl 9} 50 gm oW e AF 2aE X YL

o, B E2A 9= 5 um oot}

AZE QZAl BrialA Al 2H 9 o]R2A <] AN
@3 AA 24ge vy A9E 39 103 ud o
BTk 19 102 ARG AR 3 HEo]
X, I8 112 5% deo|th £3 ey A% A
AA A HolHzt JehA] o w2l Z2
+0.5 dB °JHH L, SA AN = o7} | dB,
& £15 dBE BYh 3 4L AR g =
AoA BF Holoe Bolx ggtoy g2
BANAM 17°E Uettth % dEHNME A4
g 2R BT Holnrt YehA ¥y, gE
AR S 734 £1 dB oJo)xZ, SHANME £15
dBE Bk &3 A2 ARAAME gosgl
gl &o] Yeha] oy AR oAM HolHE 15°
2 Uehstth AdA Y 2HXNE ME 22E Bo)
2 YE, ole 34 oo B v FA &
o G 1A g3 AAS AF A A 3

o N u ox W rl

457



BEBHKSERGE B19% B4 005F4A

Field Intensity [dB]

—— Calculated
—=— Measured

50 -40 30 20 -10 0 10 20 30 40 50
p in Lambda
() AF ¢
(a) Amplitude patterns

=<

Phase [deg}
88,88

-
ulll|*‘r"r||/l
q
i3
b

%0 —— Calculated
120 —=— Measured
as0 P
b
S0 40 30 20 10 0 10 20 30 40 60

p in Lambda
6) 9 4
(b) Phase patterns
a8 10. 3 o] S AR v
Fig. 10. Comparison between calculated and measured
vertical patterns.

AeelAe 083 Bz ALY defolHE
24§42 Aoz 47e,

£ ERIIAE CATRS 9% 19299 399
B 2T BWAR A2 AA, AT
H5e BAMYT HWAE A2AH 2
WA BB AL ol g3k A
om, E2Y QT4 B JHEA &
A B30 24 AAE A8 999 gzt
Qo] G 2 4 Yk AT 27, FA £
ols, AP A $E R BHY A Avst
o AAd o8Y & Ui HolHE A Hgth
EEY 954 Bwage 32 £9 49 99
of e} BE3 HolRt ol Z7ks) W) 3
D Z3o) o) gaeE JATE RS FAHATL,

ooof KM o= o bl oo
S
X2 rir

458

Field Intensity [dB]

—— Calculated
—£3— Measured

50 40 -30 -20 -0 [ 10 20 30 40 50
p in Lambda

(a) 1& &

(a) Amplitude patterns

150 | \V\'\Ek’\ /a/n»»/
120 "\_/—_,*M_—-.—-\_/
90 |
—_— 6
2 =
g b
o 0
f i )
&0 [ R
A
20 |,
120 fﬁf\h\ —— Calculated
\ —&— Measured
150 | i,
180 L ! L ' L L 1 It
6 40 30 20 20 0 10 20 30 4 &0
p in Lambda

(b) 9% &
(b) Phase patterns
33 1. 3 €9 S32% AxA vz
Fig. 11. Comparison between calculated and measured
horizontal patterns.

ol Al AN A e £V 2= &
PAE A2RE AAetE 1 A48 JERT

Nrde A8 Exo B2 4 A, A7
7Y £ 90 AZFE AE AL 34 vet
o #34 AAd wE ZH AAY A= 2100
A 2o AR MG §o) 7 R, FH &
A9 g Hold mE sy A3, solHrt A2
A% ggol Zag iy, A% HolHrt FEA
A debde &g

ol e Y AFAE EUE FYE e H
E A S AUFH LZA WA ALY S A
gt A9 Bd S At 27 A 4 3
% deF el thate SHste] HkEd, 4
AY NFFZ Wl A AN S SHAE FAFH
Heen, ojge] e AL 23 54 8784 ¢
ERIME Q4o & Aoz AZ4dd. & =%
A AAE AR QA B A2E e FY



FYE Qu HAE AN AUy 2T 2

E ¢V HAE #HAXE02 ALE £ 98 A
olg} Aztdth

A

5

HO

(1] L. H. Hemming, Electromagnetic Anechoic Cham-
bers - A Fundamental Design and Specification Gui-
de, John Wiley & Sons, Inc., 2002.

[2] W. H. Emerson, "Electromagnetic wave absorbers
and anechoic chambers through the years", IEEE
Trans. Antennas and Prop., AP-21, no. 4, pp. 484-
490, Jul. 1973.

(3] E. K. Walton, J. D. Young, "The Ohio State Univer-
sity compact radar cross-section measurement ran-
ge", IEEE Trans. Antennas and Prop., AP-32, pp.
1218-1223, no. 11, Nov. 1984.

[4] R. C. Johnson, "Determination of far field antenna
patterns from near field measurements”, Proc. IEEE,
vol. 61, no. 12, pp. 1668-1698, Dec. 1973.

[5] C. W. Pistorius, W. D. Burnside, "An improved
main reflector design for compact range reflector”,
IEEE Trans. Antennas and Prop., AP-35, pp. 342-
347, Mar. 1987.

[6] R. C. Johnson, "Some design parameters for point
source compact ranges", Proc. IEEE, vol. 61, no.
12, pp. 1668-1698, Dec. 1973.

[71 W. A. Wong, "On the equivalent parabola technique
to predict the performance characteristics of a Ca-
ssegrain system with an offset feed", IEEE Trans.
Antennas and Prop., AP-21, no. 3, pp. 335-339,
May 1973.

[8] W. V. T. Rush, A. Prata, Y. Rahmat-Samii, and R.
A. Shore, "Derivation and application of the equi-
valent paraboloid for classical offset Cassegrain and
Gregorian antennas", IEEE Trans. Antennas and
Prop., AP-38, pp. 1141-1149, Aug. 1990.

[9]1 A. W. Rudge, N. A. Datia, "Offset parabolic re-
flector antennas: A review", Proc. IEEE, vol. 66,
pp. 1592-1618, Dec. 1978.

AEIRECERE

[10] Y. Mizugutch, M. Akagawa, and H. Yokoi, "Offset
dual reflector antenna", in Dig. IEEE Int. Symp.
Antennas Propagat., pp. 339-345, 1976.

[11] H. Tannaka, M. Mizusawa, "Elimination of cross-
polarization in offset dual reflector antennas", Elec.
and Comm. in Japan, vol. 58-B, no. 12, pp. 71-78,
1975.

[12] R. A. Shore, "A simple derivation of the basic
design equation for offset dual reflector antennas
with rotational symmetry and zero cross pola-
rization", JEEE Trans. Antennas and Prop., AP-33,
no. 1, pp. 114-116, Jan. 1985.

[13] R. Mittra, F. Hyjajie, and V. Galindo-Isael, "Syn-
thesis of offset dual reflector antennas transforming
a given feed illumination pattern into a specified
aperture distribution”, IEEE Trans. Antennas and
Prop., AP-30, pp. 251-259, Mar, 1982,

[14] V. Galindo-Israel, W. Imbriale, and R. Mittra, "On
the theory of the synthesis of single and dual
offset-shaped reflector antenna", IEEE Trans. Ante-
nnas and Prop., AP-35, pp. 887-896, Aug. 1987.

[15] V. Galindo-Israel, W. Imbriale, R. Mittra, and K.
Shogen, "On the theory of the synthesis of offset
dual-shaped reflectors-case examples", IEEE Trans.
Antennas and Prop., AP-39, pp. 620-626, May
1991.

[16] 153, 32, 48, AT, 4AE, o4
2, 'S egE A8 AUEsd L2 2
Z¢t gHelve] HA", S5 A 08 = A,
12(5), pp. 765-776, 2001'd 8.

[17] V. Galindo-Israel, S. R. Rengarajan, W. A. Imbria-
le, and R. Mittra, "Offset dual-shaped reflectors for
dual chamber compact ranges", IJEEE Trans. Ante-
nnas and Prop., AP-39, no. 7, pp. 1007-1013, Jul.
1991.

(18] Y. T. Lo, S. W. Lee, Antenna Handbook, ch. 15,
New York, Van Nostrand Reinhold Company Inc.,
1988.

459



BEREHEPERGEE F195 B45% 008548

20079 29: @SSy AAFE
# (F8Ah

20079 3¥~¥A: Gy A
A58t} A A

Z A SO0 <t 2 AnAs,
uto]Z 25 32

19793 2¢: yAWE R ARFs
% (F8Ah

1981 24 HUEY AR
3+ (FE4Ah

19883 8¢Y: Uty AAZFE
st (FEEAD

19893 39 ~&A: (F)stolA

Hu 71X E
1991 39 ~8A): @3Ny AAF 83 34
20063 T¥~8A: @3ulsy FEuSHAAHY
[F 2AZ0H oty 2 Aspds, vlo|2Z 3|2

460

4 4 d

1988 29: SShStE AAFE
3 (34

19933 84: daoidy AT
3 (344D

20079 29 @3t AAFE

3 (el
‘ ! 4 . 19944 39~ WAl BIYLIFA

79 49979
7 BAEOH L ¥ AnAH, vjelazRsz



