ETFTERRNL (IPS) EBmERNNFIREE
BERFEARFAR

AN, AR RaE, e
(L e FHBEKRE Wl A 610066, 2. FAHRERALE 7w 100101; 3. FEMFRKEF
Jb 7 100049)
OB TN TR TR T 0 P R BAT 2R R R, TR ABARL
T — IR AR AR AR IR S R R A R R Rk i R IPSTIR AL L e R E R AR AR,
KIS 635 0k R AR AR UAT T st AnthAl, 328 T —AviE i F 90 2 B IPS #4564 ik
BRIk A A R LT AR B BT R LIPS R IR AL T R AT, A AR ey ol |,
ALRET ZERERG Ik, FHATT Bk eitr &,
KRR ATERAME (IPS) Riddt;  MFRREMRIEH, KMELHRFE AT £ L) Fik

FESZES: P161.1 XHEkFRIRED: XERS:
038l §

I 2 BRI S i 00 H 3~ DR IS T RSO S H R SR i, i RIS
S I3 B R T 20km-30km EA_E 2L 1 24 LM 2 K B ANRLZ DL LA ER A2
SMRAT RS AT R IR . Wi PR KIS A R BRI T
B bR 8] A RS HL

ATARBRINER Cinterplanetary Scintillation: IPS) J& ¥k [ 330 20 S B Y5 1) v Rl 77 %7 i
OKBHZRAT FEBR 2 TR, A BH XS B FSC I B 00 S PR i B AR P — R B LR AR I 5 o 38
BFFCX RN SRS, v] DARIFFUECR U IR A S5, 05 R I PR S O IS X5 2 1 AN R )
gk, RIS X BRI ST RS s S A T B o A7 2L s DR P e R0 2 W 04 7 S o
IR —FPE 5 AR B . DIORSRGT i el T R AT tEE A 3 S hr, DA
e ) L a2 i ALy BRI F A, AT 2R B o TR A S FEA R B AR TR A T B i S5 F ) 4%
FERFIE o T8I 2O S IS LIRS SR . AR IR GE . AU AR ES B IIE,  DE LA
BT, AT LB T AR 2 8] 1 45 4 S JE I 2 AR AR AE

HAT, B2 A E K LR AT S BT T AT AR INERIIESE, [ A bR TR
HL SR W T AT R B IR LI v 46 HAT IEAEREA T BOR 4, Tl I = IR 0L,
For A, AT AR T SR B XG0 = ZE S A UK BRI FEA 17 2 BRCOME R — 4k~ [h]
JENIT BRI AR IBEL R PRI B 25 it PO 5y ThT M TR ™

M TATEBRNEE (IPS) BIsE, Hrpiy— AN CHEBAZE T 2R ARG AR,

TR IR IR, ST — AR ERR . H, SRR, W
Moo P, S T U S A T R . AR A
LI B IS, 052 R A TR 76 53R R B 50 B M TP 34 0%

AT . E K A RERE R4 H (11573043,11790305,11433006) %5 )
Wk H #): 2019-07-10 BT H
EHRI: M, 595, Rk, BRI SHEORSCHER,  Email:xuanyang24@nao.cas.cn



S5 R, A MR e AT AL, SRIE B sf I 55 . TR H . Hiaifr: o]
TR B AN AT R BOR M AR R b AR B ], RIS 248, REA
F U AR TERUIRSS IR AE 0 s 5 (5 S AT A5 S A B, DASRAGAE RAEBE™ . FIATIX—$%
AR A TR, SR R 2 A5 F R I A UL

1 {TERRAYE (IPS) EBiEsE

FETA4 AT BB N AR BE ) BEvH 1, 20 M B H ANagoya DY 3l FITE] 0o ty B 3% ) TPS
BT A 25, AP 7B —uh il BRI R Ty R A T A SR
IR I 2 BB, SRR T s AT R e s AT 3 2 1) 6. 3 ol ML e A S s
KA BN R L . % =i AR BRUT A . “ S =", HAT M ol 2 ) [ B2k
KR AL20023 HL o IPSHRINBE 26 = B PN S5 PR Ui P2 PR R OIS TR0 47, R P P 65 U £ 2y
A A AN = 5wl I K EL A OGN S, BRIFERAG AN ] 2 8] DX A K RH XU EE L W3 A8

Sub Station: Abaga
dish

(I
~—200 km
\ ~ Sub Station:
= \l(cshikclcng
~200 ki @
-~ dish
g
\ = 2300 km
\ -
dish P

(®)

3 cylinders

Main Station: Mingantu

AELI D) 3G S B S, JBEE KB ARICMEZAEAT S B 2= (RN s AR R RIS

Bl IPSHIEH AR
Fig.1 Configuration of the IPS Telescope

T T HITPSHE I BT — ANk AP A 2kt = AN A R e HERCE, BRI R R AE R b
(N=S) J7 BRI RS 140K, EZRVE (E-W) J5m) BR R SF 40K, wilE2fR. AT Pk

2 IPSHEDLET F 3R

Fig.2 main site array of IPS Telescope
FARR AN FHIARRLE HbR, ARG Bt in] LAEE-WT %6 5)), (HAERER R A h ks
W5, AEARI ARG AN F R RIX, AT RASE B R I R R o . 535h, ek
A —A20K R Ze, Bn] LU TIPS o W5/l li & 45 — AN 20 20K IR A4 1h R 2k o



FEREAN U R, REANN AT LAXUSAE B3ty 5O b UL DU S R, T AR ] DARUBIAR 22 3 rUBR L
Yo IR, 5 AT AR 30l AR R e FRATAR vt 1 AR B0 WL 80 25 Hh B 22 fX) A v
P 53T A AT LA X 5SS AT EA T 28 3l AH R ORRAT B A RS B R A B XU JEE 3545 U, AT
S b B A — KB XS A

BEMEMIRZAT — N RAEL, WA TR ARL A 304 RS HUAE 5, W] BAFE327TMHZ A
654MHz | [l I /2 P T A o REAMBREIE S — MR A IORAS (LNA) 55 280K. il
PR NADFAHIR AT . B A IR AL B = L, RE AT 2
PR G 1 S i AN RS 1) 22 A S A I AR5 5 o AR S T2 B X IPS B 5 4 b A T R 2 14

P WA ARV TR . IPSEEIE RS () 3 BB HO AR IR LR
%1 IPSEEEMFINEESHAHALET

Tab. 1 Main Specifications and technical indicators of IPS Telescope array

R FEERZ: 3X140mX 40m
PO E R LE: 1X20mFN2 X ~20m

SRR 327MHz, 654MHz, 1420MHz"

pES 40MHZ

SR SRR 39KHZ

ERER Fuh: 3x124, FEiHKT-20dB

REYE Fih: "4 4mdy , Fik: "261mdy

(o) LRI S S SR
2 EYIESHER

BB AT — N, HANA TS S L B B AR RS 5 o K28 — Ao
THBRIE R NS H I TC. (S RANINE R, HS %R =5 1 S(t) = stt)e™ &
Ry M A EETCRAM A ST AR IR A S, (t) = s(t—t,)e™™e ™ o A gk MRl 7 5 7

So St

4

B4 35 LR BRI E S A

Fig.4 Received signal model of uniform linear array

t1=dsin® /c

dmnB\
/

APT7R o

1% a(d) S, Wad) = [1, e e g e g }T REIRITE APN -
TR T2 BTN £, = id sing/c .
TR 2 A S 2, (AR, LS B A

G5 AE 5 A PR I 7 25k o IR I KR 7, I LA IR TR I 6 e 7 ) FLAS T
HA WSS A,



3 B AEEEX

BERURLR T 10 b5 07 2 HE A IR 4 eSS ot ok 4 TR 7 1 £
BEBUNI . RS )7 160 86 KT L2

F(0)= WHa(0) (D

S R A A A

7 T B HCRAL T WR AR, KU A7 ORI S M35 . X ot AT IR
(EIEE A, RIS ELS, FEFIIG)7 6 ET LL2 h

F©)
P(6) =201 _ (2
©) oglo{maX|F(9)|

(T (2) SUATBAAE M REAR S s, X3k F AR 77 B2 A 5 ke, b
ARG, TG IR 7 1 P(6) fF5 T 3 A
4 BFrBEREHEL

R R SV R R B SR DR OB TE AT IR, A3 1 4 et 0
USSR TR, LU SR S TR H G, Sl
BB B DA B, 38 BT R A
41 BB A BT

B BT DR 2 RV ORUELR T S 1, S A ST 0 o U288 T T 05 2 05 1 i
AR A 57 TR F(6) = a(6,)" a(8,) = N s 3hr @, oI o A, Nyt o
Af, X, SRR S AR, BESIZESIEEL 5 6, 7 A S K
4.2 BEENBFIR RS

1 T TR B M 5 T SR AR, A R BB, s

BEA 5 15 PAE TR 5 T P A, e T 37 T T B, AT TR il F & i
A AU AR S RAG SR, B RS AL T E G N A, REfs S DURHYT RS

Iy';j—ﬁo Wo

oo /L

(57

= ‘ 7
r@ﬁg j

B 35 NP R SeiesniR
B ITT

SRR G RABOR A R GEHE BB TR o
s TR A R SEHE R

Fig.5 Block diagram of adaptive beamforming system




LCMV Skt — RN B 1E N EC7BOR 5 A%, LCMV S B e i 5 5 s
R 1, T A 5k O IR . AR B4 e N, L sieil sl

Clw= f (3)
X C=[ag,),a(@)]h N 4Ly, 6, HWEESTrm, 6k THAE 5771,
f =[1,0] 2 251t i b .
LCMV S 87 3L A
minCW "R W) (4
stC"W =f (5)
A RO AEMUE T (A S THORIE )R E 7 Z R
AT PA% B H 3fe ik g A3 s AU R B
W,, =R'C[C"RC] f (6)
H T RGMEATRZE AL, BRI 5 By Z=2 0 R AL B iy 22 R RS
R FEZE S, SLAMMER RSP T, R RERSEIEE SRR ENTIRRZE, A
T IR RFE R, 0F R AT A TRALEE, FATHITE LMV AR I AE TN 1 SO,
RS S T MR Thae D, Wit TN S Th3d . Jrbh, 78R, g2 0]
SN
X =X, X, )
Ri+n :E(xi+nxi|j—n (8>
Arp X A EMRI M5 5 WS 5. THMmES) , X ORI SEE S, X, MRS
T . Ry, W ACE TP A R ZE R IS A AR AR A

W

opt0

=R,,'C[C"R,,C] f (9

PR R 5 b7 ZZ R0 R, RSB 5 7 20 B R iR ZE il 2 B 21 i) T3
ANSEZBR ) TP AR R 22
4. 3 Matlabst R fli K5 4R

X TIPS Bz 5 1 vl A PAAIAT: IR 2, L BN T R 2 A0 15 304N, A5 TR] B A P 1o
FEIPSHLI i BT FT A R AR S BEATBOR G AC B, SR SEBLRZAR [ AR Ao XL
R LUK P AT X LR — MR R, PRGN EIN=3041>, BEocimlfid=0.5A o o T PPl
BOR G EIRIITERE, BA AT T M



(1) BOE AR 5 2IE A N 10 o 3 BRI I EES0 7 18 P i 6 s

o T T

-10 [~

-20 [~

-30 [~

-40 [~

-50

Ampltude in dB

-60

-70

-80

20
ul T T
-10 —

-20

-30 —

Amplitude in dB

L 1 i
o z 4 & 8 10 12 14 16
theta

@
Q

6 B G T R 2R

Fig.6 A main beam formed by conventional beamforming algorithms

(2) W 552k M N100E, THME S 2k M 508, 4%k 1000, SNR=30dB, INR=30dB,

-20

30
-40 |~

-50

Amplitude in dB

-60 —

-70 [~

-80

-90
-80 -60 -40 -20 0 20 40 60
theta
0

-0
20

-30 [

Amplitude in dB

-50 [~

60 L L 1 L 1 L L I
0 2 a 6 8 10 12 14 16

theta

FHen E 5% AR 2 . FET-LCMV AL T BB 51 7 1) B 4n B 7 7=




B7 LOMVELE R IR — A ERR
Fig.7 A main beam formed by LCMV algorithms
i A5 R BRLCMVEE 0] A4, 10 R A A el . AP SEkRE
15 ) BRI 5 — S5 AR e, TR BI-13.4dB A, AN AL IPSEIZE B I R 45 155 -20d B 4%
ARFEFRER (GRL) o AR, THAT P RE NI a1 55 e NFRCR S8, SE ML 45 1 .

5 I FEZ BN S BEE

H I SR A BRI T LA I 0 B (1 7 1k AR 55 LIk B IPS BT B E AR AR, RN B ()7
AR T R RE . ACAELCMVELILIHERE L3 T —Fh ol 519k, AE R R R A
FERITE LT BAR S5, LU R IPS S B R TR AR 3K
5.1 BERILCMVELE

HLCMVELL 04, I LLAE M55 7 G R M. ik, SR E T30 VA
FMPEE . fELCMVEEE R b, FHkm T HAME (K an-250B) 55 AR BT (e (R #1230k
ARBTG5 . LOMVEILZETHE S5 IR0, BUERIT-P07 ik Z b, (HIX
SAE AL Ty AT AT AT o B, SO EE R TR N A 0, 10— MBI (b
410.05) , SXFERT AT ALE REPAT-H0 7 i () 55 M v B BERARG AR S5 Lh R 00T H0 BT (K38 23 55 0 e
FE AT A B LMV 2 (1 4 SR 3k T LA R A

C,"W, = f, (10)

X C, =[a(b,),a(8),...,a(8,)] 8 NXm+L)UeLdidifE, O, M s 5, 6 A THiEs
T, 6.0 I ER T . f,=[1,0,0.05,...,0.05]" Jy(m+1)>1 4

SR LCMV B8 R R

min(W," R W) (1D
st C "W, = f (12)
FIF hr s B H e AR AU R 20
W, =RC,[CRC] 1, (13)

5.2 Matlab LA E 5% R0

FEFRERIAAE T, ABE WS 5 2A M 10, T 52k 4504 . HRir%h 1000,
SNR=30dB, INR=30dB, T-4hn_L5%IKMEATRZ . $ i T--25db ) £ B E A L T4 5 1 K
et ILCMVELE, B 25 R an &8 .



Amplitude in dB

2]
=]
I
|

o
=]
[

1

20 i .

Amplitude in dB
&
o
T
1

A
S
T

&
o
T
|

| | 1 | | | |
6 8 10 12 14 16 18 20
0lo

I8 Sk AILOMVERLE T TR U — AN R
Fig.8 A main beam formed by improved LCMV algorithms
PiECRHA T SO LCMV S, K LCMV LT IR BE S 77 1) Bl v i T--25dBIR £ FE 150 A M2
AT, IR 40.05. 17 BL45 A AT LAE 3 KA1 J7 1) e T R 1) s T-25dB ) 55 i
JEFRARZE-25dB LA T o (1 T 8GN 7 ST H077 o) W A 29 SR A, REAUL TP 77 1) B A 938 5 55
FR T B2 A /NI L RO 8E n - (6301 -25dB, HE AL -20 dB. PRIk, Bt fE LCMVELTEL 2|
TIPSEL BB TR (-20dB) 3K .

6 FT T HERISEHBFERE AL

WX BB (R ARE A B N — AN ORI, X BB (R S B e o 270 42 FhI8 AR A 1l 1)
RAGEW I (A, AT AR SCX MR R BESIR  B W 4 B o ARy, BT R & Rk
R IR S, R RO 18 AT EOE e AD R s« DRI AR SO R, RAAEHH
A%, WEPFRCAAR o TR A BT REOR KR R AF IBEZ e S BT 68, i el £y ok
FEAS RS A FE R A o D I8 T HOE R 1 B T iR SRR, RS R R — N i
B M, FHEARHIET T RS IR AR A . JE T T BRI 2 B A L S A
K9 .

&
<3

o
N}
I



=11 .Y
Lg,&; L
i

*ﬁﬁm

y (D

B9 JET1 BRI £ 22 R G MU S B [

Fig.9 Principle Block diagram of digital multi-beam beamforming algorithm based on subarray
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Research on Digital Beamforming Technology for
Interplanetary Scintillation (IPS) Telescope

Yang xuan“’, Chen Linjie’, Rong Jian', Yan Yihua™®
(1 University of Electronic Science and Technology of China, Sichuan Chengdu 610066;
2 National Astronomical Observatories, Chinese Academy of Sciences, Beijing, 100101
3. University of Chinese Academy of Science, Beijing, 100049)

Abstract: For the Mingantu interplanetary scintillation telescope of the Meridian 1l project, the
digital beamforming technology is one of the key technologies. Since the present digital beamforming
algorithms cannot match the requirements of the interplanetary scintillation telescope, In this paper,
the existing digital beamforming algorithm - LCMV algorithm is improved and optimized. The
method of setting virtual interference is used to reduce the sidelobe of array pattern and the method of
subarray is used to reduce the complexity of the algorithm. The improved LCMV algorithm is a digital
beamforming algorithm suitable for Mingantu interplanetary scintillation telescope. The simulation
results show that the algorithm can meet the needs of IPS telescope very well. Meanwhile, based on
the single beam algorithm, an algorithm of multi-beamforming has also been proposed and discussed.

Key words: Interplanetary scintillation (IPS) telescope, Digital beamforming algorithm,
Linear Constrained Minimum Variance (LCMV)



