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Simulation on bistatic RCS measurement method in anechoic chamber

Li Zhiping He Guoyu
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Abstract; An method was presented to measure bistatic RCS in anechoic chamber. The target was illumi-

nated by compact antenna test range ( CATR), and the scattered field was probed in near-field. The transfor-

mation from near-field to far-field (N2F) was analyzed by antennas coupling equation, plane wave synthesis

and equivalence theorem. Sampling rate, maximum angle and taper function in N2F were formulated to ana-

lyze the measurement’s performance. The sampling interval needs to be half wavelength, and undersample will

worsen the maximum angle. The maximum angle’s estimation was perfected using the synthetic aperture’s pro-

jection. Far-field was determined by localized near-field approximatively, which can be concluded using sta-

tionary phase method. A taper function was applied to the near-field data that reduces the error of the scanning

truncation. The method was validated through numerical example finally.

Key words ; near-field; radar cross section ( RCS) ; anechoic chamber

FEE Bn R tE BT R IEA R E SR B B AR E0
AR, EXEA N HHFHEONRA 8%
BT, AR XU I B LGB R 2%, SR TR
RO THE B E AR E DR S50 E G E
ERA,EXEAFZHEREF, —ERENHR
AL HOBRAR . XUk AU 3 T 7R BB mE = A R
FHMEHRBASRME" ™ R, EEG A
LORFAFEEK BN BF, RRELEESHR
WX AERS, M E MG AR BARE R #
HOEHABREREME P RBABEAR S, B
AR AER DRSSV EKS X, gAY

WOH B 3 - 2007-08-30

“BFEES”. RXMEGREREEZANE
K R-1E % B ## Wi RCS(Radar Cross Section ),
BRBEWREAHE G A AW ESBE KX
ERBRETRE T ERHEHEERABNMGITA
R, BHH T T H X I 508 R .
BRI BE T EFEART BEBBEAMEGH#H
TWEZN RE®T BESFENREHTRES
R R i TR AT R-

1 ZEHRWIH RCSMWEH
1) B4R

EEMNT: EHEF979-), B, WEHM A, 1814, lizhipingbuaa@ gmail. com.



1050 It m M T MEXKEEMR

2008 4¢

KAHE B X2 H I 7 PR 5B K
B mE BN B s BB REN

Pu(r,) = Hk,A,(k,,k,) .

Ap(k,, —k)e ™" dk,dk, (1)
Hep A (k&) F1 Ay (K, k)55 0 0 K& A
BERFELMFEEE, X)) EABRETEEE.
WP BHOMSEER R KGFRR",
BREBEAXN(D) KEKESTHEER
kA (k k) - Ap(k,, - k) =

f jP,,(ro)e’V"""d;deyo (2)

B TR P X RAHER, THKRIRAE
EHMBMEE LMW, K IBE SRR
R 09T W B A, K18 302 35 DU B ek

RQ)EME A (kb )ERTHFEBERE
WL, A MRS DR EMAS R
TYHEKEGE  EHAAFME exp(jk - r ) (FRT
Y- T I B R, AR O RS

HEREWREHNB PR HBERL, A (F,,
k)& FdE, 3 A B m R AL i B (32 LR 1k
%) , BT 2B 45 3k #0950 32 SUAR Ak B R v
WM REARE LN G446 H
HTFRBTEGHA HTGHER T G HIME
B AR B A R R A RE B REMTIE
BfE R B 500, 4 48 6K ok BUR 35 3 LS FT 78 [ A
B2 8.

2) RESEBALR

BRI SN BT 2 Nyquist REER,

Ax, < 1/(2k_, . /2%w) = w/k,m_,} 3)
Ay, < 1/(2k,,,./2w) = w/k,,,

FRMESHEZEAMERRFETEK,A
HREMNBES PRI EEHE W L., =
Fome = kTR B R

Ax, < A/2

Ay, < A/Z}
B/NFEANBER G KRR, T LRSS RIE
HRBHESTHERS B A AESEK.

HERFEMT  FESRNEHARE L
K2R m 3%, A A i A R T . KW, T
BEMEAYEERES S, AREBHRAND
BEA AT HERRMETFEHR  HETA
HERZ(ERRKAHOBRHBEEERT, . R0 &K
BOBRELFEROT S OEE ARNAKOR
DREIIABBRE, AR OBENERREHL

(4)

REEHOR B, hH#EHTHRENES,
RE—ZERABTERNAR XII7] B L%
RABTHERABMAITHNEBEAKX 6, =0 -
tan[ (L -a) /(2d)],L,d Fi a FFIAEHOZH
Rt BEBEMFAMANRT ,BREBAXIFRE
BOREHBREMNEN BELKEAENA. BE
e BOH L R B2 B i B, ST I 1) I B L AL T
BORHNEMEXESERE, B/DERTEKN
BHROR,ME 2 fix YBEN%S5E04H
U, BDA 20 B 0 R

sin@,,, = (ylLcos@8,, - a)/(2d) (5)
Hpo<y<l GEFEEMORFA AL, MNE
RKABMARER

0., = arcsin(a/yy’L* +4d°) +
arccos(2d//y’L* +4d") (6)

1 ®ER&
BREHAE

H2 ZaARgyH
B XN SRR

B3 4 T i Newell B X [7] MK (6) 3t
BHRFIAERT (e =5 BK) AHEE(d =14,
2a,4a,8q) FHHMUEE(L=1a ~8a) SHEBAMZ
B# xR BEDBEMAR y=0.9796. HXEMH
B BER BU/NE UM B K R T DR S KA
A X7 INEERAXFERMRE, ARIE
BE/DMESHEEREKEMEITHREER.

80 r _- Newell, d=1a
----- Newell, d=4a =
70 [ - Newell, d=8a T aaee
60} — Newell, d= 16a//" °°°°°
et v A (©).d=ta
~ ya + & (6),d=16a
5 0 '<°°=f€.(6),d=]a gEE
& /o aK(6rd=da_guw”

Lia

3 RBRART . SOHER SESERABRKNXER

3) RERak#
BUHMBES XK EGMBEGFELR. B



oM

Z RV R R AN, RCS W& Fim i E 1051

B R R LR BBR, 3 X BT ) F5tE A —
EMERT#, %8 FHF LMK 40dB AT H
WRIBERWHEE. BN PEAERENERES
PA— € B 77 18] 45 i 1) 42 25 ) U, BE B A 5T A9
AR R BB KM 2 5, 0 A AT U BGR. W
WP REUNERENBSES, BT Ml
SR —BAMY BARESHNBEXEETN
T B 45, B AR B 00 2 4 i B AR B B0IE 5. T A
HAREECUER , H 3BT A 8B 53T 3% K& R
BRPHTER M HEAMB RN EGNERER
WG R AR E L.
VFHKEBGRERFHEWBR, SH@E L
RO 5 0 B I 22 4 K OB MU AR 735 1 38 3% £ it
BHVEEABRIS, KPRARRSEEE
R B E AR F B R
exp(j¥) =explj(k-ry—-klr,-r'1)] =
exp[ k(sin @ cos px, + sinfsingy, + cosfd -
V(x =2) 4+ (5o =)+ (d-2)")]
(7
ok A B RN E 35 F 375 65, A3E B
HHRMNERE r FEF LRRBEFEMLRRE.
FERBR AHE QRS HEASHE,
AR L R B L B AR — B B T 3 (B4
)

ﬂ=k[sinecos¢— W

%,
] =0

(%, — x")
VG =)+ (5 -y + (d-2)°
o

— = k[sinecos¢p -
9,

(yo = %") ] -0
(g =3) + (5 -y) +(d-2)°
(8)

ARREELR

% = +l d-2"1 tan0c‘os¢} (9)

Yo =y 41 d -2 tanfsing

EXREPMEAX &k J7 @[T 5 T &k
BIE 5 B R LB R A, BITE BRI E S
BETAHE. AR ERGENESEEHAM
M exp(ik - ), BB k J 1 ML R 4R B
YR G H IR TE AR AL B L, e M e 7 0 B
52 e P X IR 3 TR BOK R 3, H sk K/
HEMBRLUESHEBPREGR B RRBEN
Al U, B S5 TR GTT m A —B, Rk R
R () MR, LT HEE B ARG L.

FOL MO TFT A kR KRR RE
B, GNEEARERFRBHIE, MAEME K
B, S A5 4% BA UL, to 3R R 3 A i B e
SHERME REE A BERENER BHREHS2E
By HH . AEAMBEEEEXS ., - MEIHR
BaT S BARM R &4, A TR R HRRE
/LG, WBHHERLES.

2 K

ANKTEMRERZEANRAEREZMESA
R EDGE RCS M 3. REBRITE ™ R
H B, B RE R T GRS
MBS, EHEBIR—EMER L HBES
Bk BBGE R, I E 4 FTR. B R H R
MEE Y 5 B T A IR 3 H B, R BT R BRI
B EHES. AENEFAREXNMNEHENRE
W, B 4CHE S MBI AR B AR IE—
(FRAME) DUHHUR K BE B AR AR A
(0°24 J5 1] ,180° A &ij ] ) , Near I Far ¥ % iy 83,
718, Near Ry B BIUBAR IR LAY E 5 B 55
(A5 33 fa 3R ) , Far J B 5 BT 37 B 8UH
N2F J38 Near( & #{7) 725 %t H #937 37 X o #U54E
B5FA =051 fA=A55 iR -4
BEERENAGEHRENES. EMERGER
RUTREM®RBFZRAEAES, FUES
A B R B 35 725 B W AR 35 FE A A A T
BINESTHRTFHY A 78 B 90°d R K#¥
ESHEHRENESEIRE, BT 90°MiE 773547
wyas FEAEZ - H—- MNARENAELENE,
O M EERESRELEA", GREPLERS
SMEMELERNZE K-, EXkP, T
EHEREURRKEE, EPERBEAEL
Wi, AFHRE—ERGHES. L, AR
k- SORE =2 i Do W YR (Y M T
HAK, T MEEA" ZHTEMBEROR P LK
Bi7 I, 3E YK T B B9 RO B 3T 90° Mt I B
THALSHRELSHER B4/ NTAHKHD
%, B/NTHEAE.

A ZEHPHBEAFMNAKES 4 IGE
L, i3 KRR # BT A % A BTEE
4351% 35°(d =4a,L =8a),16.5°(d = 4a,L =
4a),30°(d =2a,L =4a) ,69°(d =1a,L =8a) §
10.5°(d = 8a, L=4a). BEHESH, b XK
(41 ENE R AREE 25K 35.8°,20. 1°,
36.1°,73. 7°F1 10. 3°, W& 3 122 Newell; Tl B
R(6)H H 894 3 % 34. 8°,19. 7°,34. 1°,68. 6°



2008 £

1052 EtEZMEMRXXKEEH#R
01 . N2F(4=0.52)
E 51 7
§ -10
2 st
£
T d=8a |
T 30 L=ta |
-35 i N i .J
75 8 8 9% 9 100 105
WREBA  samC)
M4 FMBERT AHES BESERAEBXER
0
5

. N2F(A=0.51) * N2F(4=4)

3— L3 RCS /dBm
8

451 1§ i — Far d=4a
S0 i j i - Near L=8a
_55 I I 1 :AL L I 1 1 1 J
4 50 60 70 80 90 100 110 120 130 140
i 574 A SEAHIC)

5 PMREERRN LTS ERAER

F10.3°, WE 3 R (6) M. BTk, XER[7)
MR ARXAR(6) & AT HERMAE K
Fl, AL EERNER, AARERKGERE
WAMBFRT. Wi, b FEBHAXMES P,
BE Hbr R e & 5 W R R+ H R & B SR
¥, mtr B BAa—M IR, BT LX el
HFE—ERE.
HEGTHRAOEESRERNR . OWER B
B rmErmmEss  SELREFX,H
WHEHBEXEFRRE DML, ME 6a 5E 6b
WIZE T a3 M43 % 91. 7°,103. 0°, &j
HEHHSRE G H 4 5dB. B 6a fIE 6b 1y
BP0 RARFH K (- cot 91. 7°d, d)
(-cot103.0°d,d) , BB LIZ LR F O, 15

80 B h
8 s
1 s d=8a
E 0yf — d=2a

65 H N s " P, PO |

0 05 10 15 20 25 30 35 40
Lla
a AE0=91.7°

&R 4B

75 - et e tageng
70 * wee d=8a

o — d=2a
65 ' —

0 05 10 15 20 25 30 35 40
Lia

b fE 6=103.0°
B 6 i s WS ST

cFHE BT REZE L/a R 4. B 6 (FIETET
UUE B, LR R B RG 3 EH N R EKE M,
EXREBREHASHEAHBEEN(L/e BXTF
D BEERMKEERSGHEEARER K
K, B G d R I T BE B, B0 0 SR 00 BE
BE, SRR G R K FEE L/a K3 IR
GABEES EEFERERT MK R, A
FHENFROR G/, 12480 8% S
B B 6b F L 6a WK TE K & 18.

3 4 #

RXAERZRITERAT BArE S5 #
HORMRTEBENERERGMEGEME
W B RCS W7 ik, 24 T R AE B R 43 f iR
BHLESES S8 RN EE. TAET
ZREEHEBRNAERARESHFUAERT B
BEMUEAX  RERBFE P TERK BEYH
REFERTLLA 2 (B LR A 3 A 800 R s B R
BOTRABEE G EROEREE Bhamtl
GRMAEBARE; EEHERPEGZNESE R
B R R VTR X AR
o J5 B2 B9 LI A0 T 7 B B

S X3 # (References)

(1] Cown B J, Ryan C E Jr. Near field scattering measurements for
determing complex target RCS[J]. IEEE Trans A & P, 1989,
37(5): 576 - 585

[2] Zahn D J. Investigation of bistatic scattering using numerical
techniques and novel near field measurements[ D]. Ann,Arbor;
University of Michigan, 2001

[3] Hansen T B,Marr R A,Lammevs U H W , et al. Bistatic RCS cal-

—

culations from cylindrical near-field measurements—partl; theory
[J].IEEE Trans A &P,2006, 54(12) ; 3846 3856

[4] Barird R C,Newell A C,Stubenrauch C F,et al. A brief history

of near-field measurements of antennas at the national bureau of
standards [J]. IEEE Trans A & P, 1988, 36(6) :727 - 733

[5] Joy E B. A brief history of the development of the near-field

measurement technique at the georgia institute of technology[ J].

IEEE Trans A & P, 1988, 36(6) :740 - 745

Paris D T,Leach W M,Joy E B. Basic theory of probe-compen-

sated near-field measurementsJ]. IEEE Trans A & P,1978,

26(3):373-379

[7] Newell A C. Errors analysis techniques for planar near field
measurements[ J]. IEEE Trans A & P, 1988 (36) :754 - 768

[8] /Nl YEHESGHHUMBXBRAEHE(D]. AE . HER
FHEX¥EFITR¥MKR,1998

Zhang Xiaomiao. Study on several key problems for planar near-

[6

—

field scattering measurements[ D]. Xi'an: School of Electronic

Engineering, Xidian University, 1998 (in Chinese)

(mEEHEB:X %)



LI A, R AA TR
[44ik:  http://www.edatop.com

B

iXE&E®E (RCS ) AHrigiliReE

Syt 55 UIl (www.edatop.com) tH £ 44 k B T WFACSH — 2 SRR TR AGR T, BN L T
oo WP REBAIIRNA WIHTR, B A R KRB URIR 2 B A A Hgpdkdh. 2 A
PUBR. FhEEA. FAEFEEZKEAMA AT, DA TWEARIIFR. AR, 2T
FLRBEHX AN,

T ILHUNA (Radar Cross Section, fijF% RCS) & HiSKE BIAR BRI S, B2 B
WU E SR, ] HFSS B A% u) AR TS (E K 7 A vF S48t H AR 1) RCS.

i S PRI IHE ) (HFSS FR I HUT A M VIRFEERE) 2 MFPRE, R vt
A HFSS AR AT TR A HUR BT - i A R . B th & R, 1L dg, HW

.
5 o

HFSS TEiE# S8 m oSl iRiEER

SR G IS I OREE, Jhd. (PSR HRSS) BrIlRAE 21k

N HESS AN T TSI RAE, 35 B S A e R A g 1) AR A 418 HFSS
FISERRERAEAN TR s CHFSS BRI i (RCS) 7047 ) 5 IIERTE 2
B IUFE QA ] HESS SR I M 4450 7 0 I AT » 047 o Tk WSS T

HFSSHEMHARAAN

JPE— BN RCS. XUk RCS &5 (158 S, SEApl YAl ] HFSS 4347 Bk RCS. XUk
X ] RCS A5G40 RCS A BB RIS bR /ESE . MAIIRRE, EXKIHZ, W=E
I jiiF i

S| e, ENBE. ..

PREMHE:  http://www.edatop.com/peixun/hfss/130.html

® HFSS 1Hi)IiFE
M AE:  http://www.edatop.com/peixun/hfss/

e CSTIF)IFER=E
M 4E:  http://www.edatop.com/peixun/cst/
o REIRTHEIRE

M dk:  http://www.edatop.com/peixun/antenna/



