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Abstract: Reflector antenna with defocused array feed is investigated. The phased array feed moves towards the
reflector and locates at the defocused area, which can enhance the beam reconfiguring ability and limited angle
scanning capability. Improved projection matrix algorithm is adopted to get the excitation coefficients of the
feeding phased array under phase-only control constraint. A numerical analysis is carried out in order to
demonstrate the effectiveness of the approach. The patterns of the offset parabolic antenna fed by defocused feed
array are effectively synthesized, including scanning and reconfigurable beams. The beam direction, beam-shape
and side-lobe level requirements are met under phase-only control. The design results are verified by the simulation
software GRASP.

Key words: Limited-angle scanning antenna; Pattern synthesis; Phased array feed; Projection matrix algorithm

Vol.34No.2
Feb. 2012

1 5l&
EZHRRHEZEGRANKE KB Y RS
HHERUARERE. aFLYEEFEEED,
MEFREA KR R FEREREGTNH, RAMLT
X MAEERERERR, RERBEREMRE
R AR AN, A FEFED LMREES ER—
NMEWRELE, BABENGBEREEETEPHE
INREBE |, SRR ITERTESILLS 5K
Ji B R E I R . YR AN ) R
HEG B —EEEE, BERTILAR TR
LRl RIBBLE/N, EiLRBIRIE SR

2011-06-15 W ®|, 2011-09-01 X[
B K E A LR T 5 £ (9140C1902020903) 3 B R &
*EEEE: X4  sdhzlxm@yahoo.com.cn

A REAT BRI R R E M, X T AERX KR
REFRAE RRETRE, RREXHIRE KER
ARERBFRFERE. BREFGHE RS TRE
B 3 BEAR A R i el P 4 LA TR S (AR X AR IERE R
%), ERR, BiRARAD, EBARKIMRERR
BEHIHE .

Bt BB 15 B R A TR 2 1A 77 T B 46 1)
RN AEE: PR, BT HEREE.
HER L. (URREE, FREMHE. BT
BB B R R IX sy ik vt R 51 1R A
BRERHEREKROEERS, R, BHEHK
IR BE S AR 3 AR B T A . X, KBTI
SRS 420 250 R R 0 SR 48 0 R 51 B L SR R P AT
P, SEIESETHEREAEMBHLE,



482 HTFERFAER

EAREBTERT NG, BIREERSRILREE
(SAR)RAEKINFE K HH0F, REHITFE B HE,
BRI T RIS, SHWENERERE, XK
TREM K E B,

K F R B8R 5t B AR 43 A B A AR 32 A AR J i T
8 AR R ThFR 4 Bt R W 4% F A1 N i &
FIER T, RETEYE B HESEN ST
KRR EREFRBHFMETITHNE. NTHEE
5y, FERINER G BGFERARE, BEit
KA RBIER, 4B IMBCRERLA
FIFRE,

AE TR MRS, SOV I R £
TR R B A T K 2k 7T 1 B . ZE X RVBAR AL
SAEAKES, KSR R, STHR(6)
PR M BER BiR, TR AMEE,
SHEHFT HERER, AT LT ERR
B l. ASCEERBBINTE T EEIA—4, 8
TR ETHERIEE, R T X R ERR KA
W, 4 9IS A S IR TS =) S0 2 1X 3 fr o S
Ho WL KBRBERERSTAKZITERYE, FH
BB HIRERES A 2, Retil SEILE MR
A R AR ARG
2 [EIEERFE R

B R E. REEFIF ISR, DR
MR AR PR ER, SKARBHERES % B T 8 B A
M B RS FEHMIEHAERT, HERE
BB T HIIE SR R 8 i, 8T R A E AR A R
RGEBELHARRRBR. fERERZIEBRNE
s FRESTERPERE R RE LR E TR
M (mask), WILREBEMEFIMAMM AR, FRE
7 1f) P 77 FE RSB 2 L B TR T

I 31) U R A ) S S T R 2% B AR S5 BT LA B
BN RITTEBRrEN BN, TSR TER
BT 3548 5 77 19 B B v L) B R 2R L R 2
AH AR AR AR R B TR ) U B S
HR&HYELEBRFR SN, REEIKEHE
P R B B R
2.1 iR TR AR B E R KI5 M

REMYEREHEHWE 1 Frr. BYER
SKPERAN D, EEEXf WEEEN H, WERES
LR SIRE MY E ML A K 6, . TRIZRES
W, Y EFBE—EEE. REENGNTEY
KB 5 AMERRE, @ 1 P ER, HHEENFNY
HAFRR{m}, mEWMYEALITR{p}, RITRESIA
AR}, BRI R{r}, WEABRER{X,Y,Z}.

| RTE
Zu( X)
qemm———
P(R,0,8)
)

Dl WXL L_.
ZP zZ
O ) o, ; T Z

I e of 6,
113 S Rt S S
&m0 7 F
B 1 RERYERENEHREE

EFWEREE, B 1 FRE AL HiEs
%
E(R,6,8)=F - (F-R)R
; 1
F=%%f”ﬂkmw”w g
Hob & Fin 4500 B BEE SRR AT, R

AE AR RE p ABIFFIMLERE. R

BNV EBEREE J(r)H
5 2nx H)), RHH 0
o, B HE @)

Ko n DA RRNREE R AARE, HAA
St
A3h, BB BTERA o AT S,
LM 2877 R R
D,(6,)=D,(6)=Ceos’6,/2)  (3)

Hep ChHED, WRIBMERERS A%
HI B SR 5 R 40 b1
FESLPRRRRES A, SR A 1 B BT JR T 1)
BvHR, BIAT R R TTH AR RN
2.2 HFHEBROKRE
He Bt e S T BB T YT R 2R B9 77 1) B AL B
n, IR ESIRFRE S SR R R R M, B

Buv)= 3 A, (u,v) (4)

HH y=5in(O)cos(®), v=sin(O)sin(¥), 6 &
AMBE R IR R TR R A, 8B n MR
BRI R E.(u,v) A% n MRFEER T Y
ER&EHMTT R E. ER MAMTEXESIHNER, B
B MATE, HEEERXWT:

Fd = TA (58,)
ol [Th T - Tyll4
F:iZ T21 T22 e T, A2
o I S iN (5b)

Em TMl Tm TMN AN



2

XM % HROEREEREMERRENTA 483

EEP Fa%%%jﬁ‘r‘ﬂ@! Tmn= n(urmvm’ m=1,2,",
M(M> N).

Lk b, B MRS EARFE—RAGRSH
e e R R BT RE, ERER/D BN
F, ARKBHRG)RANBEHENBRILE. £&
IZREXT, RERE(F,TA)S TERERNIZ
MER, B#HELHE

T"(F; — TA) = 0] (6)

it KRR (6) AT B BIRBEMEFIMERM ALK A
wmF:

A= (T"1T)'T"F, (7)

WEAE PEXH P=T(T"T)' T, #3R(7)
B3 A RHE TA=PF,4H@E, RXG)ME
AR,

— & RAEME M ENEEE, 23X(7)—
BIEE B RRERNLS R, FiuldsRd
BERiECUE T R E RS, REEEE
HBAEHR TR

HARAHABEMAK AV, HREHANE
BHHE—k. REHBERARK(B), RHEHNEZTY
FO, % FV5 F,RAHE, EHEEFRE, 3#F
R O I A R R E I T

AF = maxF(,F|- P {,F})(F/| F}) (8a)

My, |.F|> M,
Py {.Fl}=1l.F|, M, <|,F|<M, (8b)
M, |.Fl<M,

HeH maxF A SR HNEKRE, FREA—LH
BT ME. Py.F|} RaAEEEXHRER
F, M ESERREN EREE, M REESE
BT SRR,
WIBREEEER, oIRGB RYERE
A
AA = (T'T)'TYAF )
EBRIMERHRYE, EFEMALIERE A,
B

A, =AY +CAA (10a)
A‘P = Re{—j(Atemp /A(u) - ]‘)} (IOb)
AP = gmeite (10c)

Hp G AFK.

HRERIRREEN, EERHHLHEN
77 1A B SR Bk AR B (Bl m 3000 ). B
ERmAEmE 2 Fow.

SCHR 6] 5K FE B AR B X AR 92 B R 2 ROEAT
Gify, LA EREREULEE A AR BERUE Y B AN A1 )

[ wthima |
[ #HA () it F |
[#HA(5) & AF |

(A Qo) THA |

A F/maxF|-1e=3
SIS B <3000

EIL () IFHAA

H2 $pEEgknER

RRAEB RS i Horp, WEARBEHL
MRT & BTHBIRERE, fE A RL AN TR
B2 OB MBI REE.

W BRVEN, AU T REFIIR K R TR
SRBORE A L, B AR 1 B AL A A UE
¥t B WA U 4 S SN ISH YR B TR TR I
RIGH, TWEAKAERBNNTREE2O0%
B RERR . XMNE AR EGE N
#4 J5E 16] KR, Y 16 R A 6 ARIE A SUBE s i, Ty
VIS E IR B I BR ) ZE A SOR R AR A
REH T B EGES, BIEREFIVIS AR
BUERECA 0,

X T E P HA BB Ty W B AR, FHEX L
TRAEE. FRENNEFEFRRE. REEE
%K, 2Lk EHERIGENEREERARE, &
BIBUE UM RP LA, EREREE. kFXA
FBEE%. B ARHERR T D E AR E
F A EREMEREE. WRBRAEREXBAE
BT R RAER, ATZE X R A E S A

3 BEHEM

R A SO T M3 e B A T R 2%
R EGEERRRFE, MHRE YRR 77 6 B
TR R . BERIEAEM 245, FIAH GRASP
REBHTRE W BT ERIE.

BEGEREMYARENSE: REMDE
KR&HZ D=20m, REEH H=4m, £ ~12m,
TAHEMOHZER 1.25 GHz, HREMKFIHN 16X 10
BITHFERE, ¥ 2 NEFHERRNEGRES 3
m, RELRRR 2, HRA 0,, 0 60.51°, HRAMRIRE
RS % R HER A-10 dB.

ETEREEN, WIRMEFIHEE S XA
SERIZRFMAL, SUE AR A AR AL 43 A 3R S5 R
FRE R, HERESRILEEIA(SAR)ELA









486

HEE5fFEER

RV E S

[

(3]

(4]

(6]

[7)

onboard  reflector  antennas(J].  FElectronics  and
Communications in Japan (Part I Communications), 2001,
84(6): 22-31.

WXE, NYE. RHBD O REESTESEN R ERLE
HrREJ). FELEKZER(BAFEM), 2011, (1): 35-39.
Gao Wen-jun and Liu Xiao-meng. Synthesis of array-fed
parabolic antenna patterns using least-squares method[J].
Journal of Air Force Engineering University (Natural Science
Edition), 2011, (1): 35-39.

Hayman D B, Bird T S, Esselle K P, et al. Experimental
demonstration of focal plane array beamforming in a
prototype radiotelescope|J]. IEEE Transactions on Antennas
and Propagation, 2010, 58(6): 1922-1934.

Tanaka S, Yamada T, Murata T, et al.. A study on pattern
synthesis method for array-fed reflector antenna for advanced
direct broadcasting satellites[C]. Antennas and Propagation
Society International Symposium, MA, 2001:
566-569.

Shi Wei, Zhang Quan-sheng, and Du Hui. Quantum particle

Boston,

swarm optimization for integer programming of phased array
feeds(C].
Millimeter Wave Technology, Chengdu, China, May 8-11,
2010: 1386-1389.

Bhattacharyya A K. Projection matrix method for shaped

International Conference on Microwave and

beam synthesis in phased arrays and reflectors [J]. IEEE
Transactions on Antennas and Propagation, 2007, 55(3):
675-683.

Liu Xiao-meng, Gao Wen-jun, Deng Yun-kai, et al.

(8]

9

(10]

(11]

b

HXE:

Integrated beam synthesis technique of phased array antenna
for variable look-angle SAR[C]. The 9th International
Symposium on Antennas, Propagation and EM Theory,
Guangzhou, China, Nov. 29-Dec. 2, 2010: 536-539.

e, BERR, EAK AREREFERM]. L AR
HE B RS, 1993: 79-93.

Yang Ke-zhong, Yang Zhi-you, and Zhang Ri-rong. New
Techniques of Modern Reflector Antenna[M]. Beijing:
People's Posts & Communications Publishing House, 1993:
79-93.

AT, BERGHE T LR BEH AR [ EMLAD]. (8
T3], BEETRBKAE, 2010.

Bai Xue. RGA-based pattern optimization for hybrid
antennas[D]. [Master dissertation], Xidian University, 2010.
Milligan T A. Modern Antenna Design[M]. Second Edition.
Hoboken, New Jersey: John Wiley & Sons, Inc, 2005:
385-387.

Bahadori K and Samii Y R. An array-compensated spherical
reflector antenna for a very large number of scanned beams[J].
IEEE Transactions on Antennas and Propagation, 2005,
53(11): 3547-3555.

%, 198554, @1E, AT HABIIRBRHER
gt

B, 1973F%, BHAG, MEESM NERZRHR
KHHMT AL,

B, 1962 4, HRH, BLERW, HAARRNER
ERAREERA T EIELH.



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

mE 3 X &Kt

REVTH IR MRR =, EVFZ TR AN, AR SE b LA sk br AR th e Bevh R AR

/D FH 23X 28w PR A R

SEbr b, BATH G ZEARAG B A IR Z M A RN, B T HFSS,

CST #f i WA sl ol LA e v Y TAE PR fE R A7 A 2R 2k
Zy it (www.edatop.com) i T B AURUR e e vk AA IO IR, #fEd T — REIR L it By
YIRIERE . BATRRBE VIR, (BN, EMS Y, Al A B S PRt oy 5] B4R R BEvt () B0

ERE AT AR

i O

Ansys fFsS

FEETES ] \\
¥V A '.h\"'.
¥ty
sy PR

——

HFSS X% i&itiEilIRIEER
BRAE 6 TR 1 AEHS, SRERAMILAETRE, PR,
BASAARNSSR R E UM 4 &, ST R A VIR T HFSS R &1
St . SEE A EAT . BN HFSS R VETHRRE, nl LB R
TR ) AR AR HESS BRAFEAT REBeTh, ih REEBIEA A+
BAEMAE: http://www.edatop.com/peixun/hfss/122.html

CST RZ&&IHSUIFIIIRIEE R

ERAT 5 NHPUEIREE, haBRFEERLRRR, BAERHBEN

FIFUR, A1 R G ) B4R CST fik TAE = M Zhse R FIHE ] CST
e TAR S AEAT R vt SEprd FEAN R AR R A . AUBTRAE, 14441
YHE, HA S WK AN 3 N AELARE, s>
BRI ), AR ST

PERBWE: http://www.edatop.com/peixun/cst/127.html

seaEI

-l

13.56MHz NFC/RFID Z& B X & iZitigliEiEE LR
ERAE 4 TSR, B UILKE 13.56MHz 25 P8 < 2% Bt I B A4
PRV SCERARSE &, T RS HR T 13.56MHz 2k B R L1 TAE 5
. Bt Wt DL A HESS #1 CST 1 BLAM M2k Bl K £k i
FLARSRE, FIRHEA2E T 13.56MHz 28 1B K25 T e i (6 B R o
AR 2 3, AT LA B s Bk 5] 2 48 13.56MHz 25 il R4k
FCUCHC B F SRR L BV

PEEDIYK: http://www.edatop.com/peixun/antenna/116.html



L. S, REE®I AA 9%
[44ik:  http://www.edatop.com

KT ZidhiFil:

Syt I (www.edatop.com) HH #0445k H TRIFACH — 2k B8 iR TR AR AL, — HBUI &
Fod s S8 REBTHIR AA R FR: 5T 2006 44541 EDA M (www.mweda.com),
PLEA R I [ P S5 K AR SR AR R 2 e vk A A 5 R Rl Y 22 5 S A DL B R 4 Bt 42
SEFYIRFER ADS. HFSS SV AT ERIIURTE, T R& )40 JREE 5 AR A, o
T RRAL A AR AR T 2 AT 15, BN BOT 4 TR ST T 2L BoREE ST . % A M aE I
B RENTE . EABESESFKENME AR, EEE DIVEARTR . AR 42—
TEZREWEHX .

HMNBIRIZME
X ROLTF 2004 4E, 10 ZAEFEE KT ILE
X HETE TR R B TR, o T ATt A A Bk
X OAPRTE. BEREAE] TIIE I IBOR, R BRI 07 R, 27 2] TARPI AR

K AWF RN RRE TR, dachr TREN, B, K. 5%

ERZRIAN:
¥ GlInRE I E M http://www.edatop.com
¥ 1l EDA M:  http://www.mweda.com

¥ B VAT http://shop36920890.tacbao.com



