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Design and verification of beam-steering system in space-borne SAR
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(1.School of the Internet of Things Technology, Wuxi Vocational Institute of Commerce, Wuxi Jiangsu 214153, China;
2.No.38 Research Institute, China Electronic Technology Group Corporation, Hefei Anhui 230088, China)

Abstract: In order to solve the reliability control problem of thousands of microwave modules in the
space-borne Synthetic Aperture Radar(SAR) phased array antenna, a design scheme of beam-steering
system based on parallel chain topology is proposed. This solution uses a chain topology bus to simplify
unit interconnection and realize lightweight design. It proposes a normalization method of the receiving
circuit to realize peer—to—peer interchange of the beam-steering unit, and elaborates the reliability design
measures to prevent interface circuit failure from the aspects of DC bias, fault isolation, and synchronous
transmission. The test results show that when the threshold value of the receiving chip is 400 mV, the DC
bias resistance value should be less than 690 Q to avoid the output instability at the receiving end; when
any receiving end in the bus fails, a 1 kQ isolation resistor can be connected in series to prevent the bus
communication from being disabled; when the falling edge of the clock is located at 1/2 of the length of the
data symbol, the transmission is error-free. The research results can provide a reference for the reliability
design of subsequent space-borne large phased array radar beam-steering systems and other similar space
loads.

Keywords: space-borne SAR ; beam-steering system; parallel chain topology; synchronous transmission

B I ALAR T 35 (SAR) R — Bl 72 BRI AR TR 3K, 7T A6 BE UL BE AR I A R 45 10 15 210 28 DD 2 BRAR Y /=1 40 3F
TIEMGU, RS RE G MALR RIS E T T RYE, T A P R 2K 3 454 4 G 1 e RAE 7 106 A7 4 3
AT B0 AE T 38 30 25 ) 5 B P i SR 1) o 5 4% 490 2 T AR IR LA A 5 4% R e AN [R], SARIE A5 22 48 R B 7 w142 ol 151
AL, BeAFE ) RTE, BB, B AR BT, AR R A R T A R AT BE A BRI TR & i
A3 % b 0

Bl & AR5y BE D) B 2238, B B SARM T AR B A R AR 5 e &8 i T 1 GHz, K2k W THT H B — P4 181 9] 37
TN 2 BT, T TR AT IR AR ) (0 i 28 R G B A I S, S R G AT RO (i L R
i EEE: 2019-11-20; fEEIHE: 2020-03-24
EETR: LR S A RRHAIRE E S5 B H (KJ2019A1168)




45 4 1) HXx%: B3 SAR BIERAIZITERIE 667

A BB SR RO R TR B R M R RGO BT L SCHRISIA th— R T I 1 0 0 2 A
W I L I A A TR L BRI OB AR B R K R G . SCHR[6-714R 1
TIE T CANGLR LR RS H 7%, 35000 T 3286 28 N T/RALIF M BB . BRIARCANBZR 5% M4, 14
S, (L CAN AL {35 % 5 FUAT 1 Mbps . B 17 JFL A KA i i D 28 b O JH . BEAb L
KI8T J8 1 77— T A5 57 1L 150 4 8 o S %607 R0 0 4 5 e 4 0 14 il R 7R
L SR th B 2 WD R T B A R A, R A SR AR I T R B

RS422 B4k S —F B L 3% . S HLBEUC I BT P 0 IR 4 B T K 11 200 m, I 6 1440 i ¢ 34
510 Mbps, HAEMIBEBIE . HFZ W MR  HUICHE TR AR TSR 00 AL, 52 BL I T Bk 22 SUSARYE B R 4
BT AU AR, A SO TR B SARSEBRFOR | 1 AR R AR S SS SE R |, R — I T AT
Hi A 9 AR SARVERE RGO R o MRGEALNL AN . I B TE AT I 45 J T 5 0 5 Bt R 1
TERAIE IR, FEMAEL VOO | R R | T 6 A T e 0 06 S AR ) B AT T4
At TG . WIE T R A

1 REEE

FEAT DRAR P P o Ik, % AR 0 Y A P AR
I8 8 1K AR G R R ) 2R, T R R T
AW T8 TE B AH BT B0 4 R L PR A T B 226 B
Moo 20 fE B RUSCR I FFBIES T, KA A
154, PEHI RS AR BT TAE B 45 2 R ARRS L, Az OB 9
Dl TR Ty U0 R A A R R BT T R B T A B S

(LN)
AT 7R, B A B T AR xquz i, A MINTT Fig.1 Unit sequencing and coordinate diagram of phased array antenna
(MXNYDREERTT, il 75 ) Ay 77 [6] K 26 5o ] #E P 1 ARPERERECOTHET S b
535 d Ad,

TEMB)NAT I AR B R R rh, BURE T PO R AR bR B s o, I 057 A B Mo . IR AR R 05, KR — 4k 43
BEAT AR, 5 AT ES mH) BT W AR AR R
N+1

2n M+1
=——xsinb,|| m——— |d_cos@y +| n—
¢m,n P B|:( 2 \J X (pB ( 2

A R SHE S K o AR A A AR AN TS, nT AT I TS K 2k BT T A AR
R 2k 1148 4530 38 ) LA A A ) 32 4 L iR 22

BSR4 . AT o B AR IR A5 DR 3R R e T R AR BER

AR Ak, T I A R AR AV S B R Rk S A O

ek R RS PRIE W TAEZ /T, 2ot 4y : :

W RIE, TS RN G TE AR AN Z,, o bus | bus 2 “ bus 9

55 (m,n) R 2 FRTT I SE BR AR A 45 A5 P, o8

Py =4y, + 7, ) ;
1 Z,,, R (m ) BTG A R A 1 I 4 5 s v I I I
2, bRUEE RS = T A

2 BERZHHE

jdysinHB}, m=12,--M;n=12,---N (D

beam-steering computer ‘

o

—Cwnw
N Cwnw
o Cwnwm
—CcCnw
N Cwnw
N C wnw
— Cwnw

Uk R EOR . MR M SARME R 2 2| 2 =l ]
SE A A K 2R B E [ T/RZH 44 F 4E 3R 28 (Delay Line, S| S
DL)ZH 4 /4 55 {5 AN B 3 8 AT 55, A AR AR ) 225K /)N Fig.2 Architecture of beam-steering system
F250 us, LI 5 HES A 16 m B i U g 2 BEERSRAA R

AL, P4z $IT (Beam-Steering Unit, BSU)FIGE 41 1F 41 AR = S5 07 58, WA R G SE AR I TR 20T 7S
KRR RN T, BT HEEER NP Ao, B EE ROTE R 27 R 1 o B 1F 240 T/RA
PEA3AE R LA A PR TH ML S B BT 2 0] | P45 B TC 5 B 2 =2 18] 28R T ) 20 RS 422 18 23 15 U7



668 AMZBMFERFRERER #19 %

Ao LR N HRS4228 U 25 19 22 45 FEL R B H £ =5 2400 mV, Ik k2240 {5 5 (Low-Voltage Differential Signaling,
LVDS) Wi 4% 22 70 B IR B {ELAIR 1200 mV, RS422 & MHL THLRE T W ¥ TLVDS B4, Wil & 7B LA M
NG AN P NS 3T S

1 BER

BT AN B BT 2 (B R FIRS422 B HAT4aE U $h A5 4, BB BRI 2o IR BT, b Es a3
JIE 7 o 958 BRI 55 (00 A A =2 ) 38 A P A5 R 5 AR AL, AN TR] B4 SR g B R 4 8 T/R AL 1 A LA A IR 2R 4 1
P TR A B TT 22 6] 0 B RS S R R B S S CLK . B #i AE {55 WREN ., % # v/ {55 SETUP. & &t fil %
5o TRTHIE I fil & {55 TRR, DATAO~DATASHEIG(G 5. T2 EREME, BFE S RS04, Mtk
P A 5 J2 AU A AE 5, X T PRI ) A% i 0 A% ke A 0 B R ) o 5 S S s o O A B, R
LK AR 5 0 Bt 30MR U /D B SAR 4 B 48 19 0 i [ L R IR 83.3%, IR AR B .

BSU 1 l ’ BSU 2 I ’ BSU 6 RS422+
2 4 I W L 4 4 4 W XY
RS422- y N
—— DATAO
DATA 1
8 :
é DAT A5 } connector }
E L 1
;0 CLK
‘£ | WREN _:)_
] R
E SETUP !
T e e T e [ N N
3 TRT RS422 receiving circuit
Fig.3 Chain topology Fig.4 Diagram of interface normalization design
[ 3 gnhR B % 4 42O A— L Bat R ER

FEEE A FN N T A, S0 R AL 2R B AT AS VE L 51 S 1915 5 I 5, 7% A B dzs 32 WSO #% 09 22 40 A g 32 DT i
BELUYTS Sy L ek SR, D B T R A RSA22 Wi Fl 5 AT T — AR T, JRER AN 4FT R o BEXTRS42225 53 %
WG S AN E A VEiE B R Ry, HLPH R — 3 i BERS422+5 5, 5 — il o B 5 AR B o5 . H B8 it i) ) 42
PTG AE 7% 2 F 5 P R R B R 28 i R RS 42215 55 A 42, iy LAt e 45 R ST 0 X A S WA B . XA A — ki
BT P AT A RS A=W 8, ST R S, BT 2E T,

2.2 WEI&IT
WREN
WP &R G B P B 36 D T B AL S B

BATT 22 (] Y IR P B8 T A 45 R T S Bl 4 A 2 T MMW
(PP BT o AR SCEE AT A 21 B B P S B o MU U U u

2 61 s B ﬁﬁ“*ﬁﬂ@x =
W B U s T 2 ] 1 B U 4 O 4 L]

BF 7 L2 W0 043 I 3R FH 3 ) 25 T

b B AT AS T, WS R o AR T/RAL 1 Y TRT T

G, REHMR G S TRTHY 56 TR T & 5 RDEN ] F—

STRRIYIEIE, HEGIZHEH LM E8, B &6 DATA 1 O O OO E D

R, 45 B £ 5 WREN R L PR, a5 Comrol tming digram

BT JF IR 7E CLK B 4 /9 F B Y R 4 & 17 B3l Bl 5 Htlm

DATAO, ENCFERT, IKNAAE G, BB X U il Bp 47

BRI IEAT BN S . M WRENSS 5 b & AT, B SR 5 e X, Wi g R M, M A IRbR B AL RS I,

W) 23 B/ NBOHE B0 R 25 T ) — R B A . YA I BISETUP F R E S, wdlid i - — R EIT AT
1 W B 745 5 B BB 5 7 RDEN [R5 i 8 CLK A R AT B DATATAL i . YRDEN KL F-BF, CLKAY

A8 T 47 8 T 500 o L L R 7 A R A B0, D B S SR CLKCR MR R, o e i, AR g 5 10




45 4 1) HXx%: B3 SAR BIERAIZITERIE 669

2.3 T tE AT AR T Peds IR S
) Tablel Data frame definition of beam-steering computer

A7 FF B[] 2 8 I 4 1T ML T 5 4 4 o R O 5 & Starting bit number Jata bit definition bit widih
50 e 2L — S B A I TR A A T 2 2 o o it seved Y
TS Ty 5 0 2 2 0 DA R 1 T 42 5 5 e oL o o0
Tl R U5 TR A A W B ) T3 =38 40 4 o T T SAR T /E A5 gég control bits forh3 d]:zl;)t/ line modules ;2
A RS A AR A R kUL P A LR
P TAERE G | TR 55 B R 3 A B, 050K 5 A 9 = oR B0 RN b 23 1 B A2 A FPGA) XL T RAM

. FPGATFHE B8PS K H 100 MHz, 1 29638 & If471H 5 RG240 b 1, BIVAS(E 11580 0] 7,29 4 0.02 ps.

WA HLS s BT 22 a) (R B AL e o S O X, IR R R 3,125 MHz, BRI R AL B — A e A
B, Bmig R LR, Hd, 0xBEICKH Tk, 57 bitfE AL, 2 biti® 4 5 66 — & 4 %25 bit, A4
T/RAA R EHI4 K25 bit, F24NT/RAM . BAAFEIR 28 AL 1 3 467 425 bit, FE3ANMEIRLAHMF . P4 pooiR
W AE25 bitib 4T B, Bl B 5 808 Wk 56 07 EAT L g, A AR AR WA B0E A 28 B ot s 6 47 J2: 700 bit,
A A A T 2 U A5 B T R I [B] 7,29 S 224 s

P4 B0 S L 2 8 A8 (5 S BT LA A, B A R AR 3,125 MHz. I 45 80 R B KR i A
BOE A 27A /N ECE A0 [ I & 45 24 T/RZEAE FI3ASDLAE 14 . T/RALAE FIDLAH £ i 45 il 67 24 4 25 bit, AT 5,
2 ) B 2 9 ot AL ) B TR) T2 R 8 s

D] I 90 45 22 5 B A AR ) 24 49232 ps, 96 2 Bk R G0/ T250 pshy B K

3 RERHARTEMEEIE

B UERS422 B4 B AR BT, TR T s S ML 5 64> 4 B 0T 22 1) 003 £ 2 R PE AL RLIR 0, 0 1 3 A
I R ] A0 A i A O B T R BOR BEAT SR IE o PRSI ML 4 BT 2 1] Y RS422:4% M HLER AN 6T R, LA
CLKAS 5 0o Pedm i BpLN A ik o, 6 I BT N H Wi, Reo ik i eR IR B, Ry e B B B FLBEL, RAT
Ry FL U b B

receiver | receiver2  receiver 3 receiver4  receiver 5  receiver 6

Ry ‘ BRI. R,.-‘ ERI Ry ER;- Ry ERI-' Ry
Ra Rs R Ry Ry Ry Ry Ry Ry
T -—; >—; [ =" =3

Ue | |GNDU, | [GNDU, | |GNDUs | |GND Ue |

Fig.6 Schematic of RS422 bus interface circuit
P 6 RS422 S A M L s B

|

|

Rg }

CLK T
|
|
|
I

Rs

transmitter

3.1 ERmENIR

L O L P G BRI BRI R R B, R ORI IR . e b, fw B BN ZERS422 BARAE B A
B s BIAT, (H R T ORE P A BT BT R — Bk, B P BT R RS42222 05 SR HEAT T HECE , W6 TR .
TERS422 ARV, W SRS W 22 707 S 2R AE . B s A0 B e R BEL, DULB R A R, E | B 22 40 LR AR
SVEER TR PR E X, MU TTL(Transistor-Transistor—Logic) i HH L SF EATEN . XM AES S
SURBCF AR, PIIE | 0 2 5 0 S E0 0 f & F BEL . 3200 I 6 e Wi 1R 2 4 PRV IE 7 g P A r T
R, OSBRI E Y =400 mVe SR AT RIE A i & AL B G AL T o ) 55 0 & L BEL O 10 kQiY
T OCAH ], o TTL S AR 2 A 2, U6 W D & F BEL #y BEL 1 a0 200006 J2 — 58 oK, B R, PR 2R %0

F 2 FEOM ASRATIHL IR R
Table2 Test results of common mode voltage at differential inputs
bias resistor/kQ CLKI+/V CLKI-/V  CLKI+-CLKl-/mV TTL output condition
o 2.549 2.490 59 uncertain

10 2.721 2.489 232 uncertain
4.7 2.794 2.368 426 1

iy 5 P BELAEL A T 50 6 T 0 A T e e DS B F BEL B A 25 20 AR (BT 3R, PR AT

Ri=120Q
U=5 V




670 AMZBMFERFRERER #19 %

Ue _Ur (5) 33 fiE HL B e 2
R,+R +R, B R, Table3 Bias resistor selection table
N N S N N N Ur/mV RA/Q nditi
A Ry EHIEEPH; Ry A TR U HEBEIBHEE; Ur WESHBEIE 453 690 ;0:1200;
BIE, THRATRMNEE 3 PR 20 L 440
HRr=120 Q,U.=5 VIty, XI T H{H 7400 mVAJFEILE 1, RAFIRH U

F BEL(E 0 AN #3690 Q5 XF T ME M 200 mV RS A AEFALLL), R
Ry L BEAE R AN 3 1 440 Q.

FEBE R LRI FN R, A5 U A5 B H BEL A 7 e B 4 A R
KFR A e BEAE N Ry a5 0 S A B R AR R, i, Blerh i Bhi
RHE AT o7 H BE BEL {1 5 2 3% 3 H0 i B BEL{RL 1% 6 4% o |

E T short cireuit

3.2 MEREBEENR
(a) Rr behind Ry

HY T2 () A G L ORI S BRI, 3 O R A R RE R A i L U
BB L AR T B T R, S RS42266 54 (42 b T 545 i o B 0
H B L R MR AR B A A A B K A E Rl A . A ciker R,
SEBE A, 7 BAE 25 4005 5 2 A I S A G S A WP B B B R o AR
3 5 DU E LB R 37 B 6 R AN [, Rl A3 R B AT PR 7B /s AR DL o+
B Rpid B AT BRIGAE T, BE B 1k B 25 Al i X s o i 838

SO O B P L R AR B BII9E M B R IE S M . 9500 L G-
B GUR R I . M SR UL 255 5 S U UL oot .
S o WU T i R T 6 B — e WA 1) 22 43 5 4 i A o 1 R R Fig.7 Position diagram of isolation resistance
BORZS . RS422% 26 Wi 3,125 MHZJ7 i FH 7% I 4 0 JHC Al 52 0 o 7 R g
A CLKAE S B0 o RI74 T 42 M0 625 7315 5 4 00 S 22 e 6 3% 1190 75 T PR, 9 ok JH A 122 WA s i ) 119 CLICIE JE BEA T
B — MR, He o SH IR 25 R K 8 7R o AT LA Y, 2 ReL T Ry I, 42 Wi oms S ) 9 923.125 MHzJ7 05 %5,
TARIEHR s R0 T R T, 32000 SHa HH A9 2 e v o, oMb B i Hh o o vl o, T TR S422 8 4k L .
DAL, 5 L BELBIC A D i e EL £ T TR 2 A ) 0 e ) P D, WC B e L 0 i T2 T P B2 D7 5 g AR 5
PG 2R, AR (] 490 5T i s 2 v BELBEL (B /D, e i il 1 TTLAR 5 B B 5 HRELEOR /D, 2 S Bl e o 5
IIRER A, T REL 3 2 e 4 1 ke Q2 A 114 Beh 0 L L

receiver

d HT — | _— - | — -
1 | [ Lol | I
.J___'n—_ — prmel | e e e | b
(a) Ry behind Ry (b) Ry in front of Ry

Fig.8 CLK waveform output from receiver 5

Pl 8 Bk 5 Hith CLK MaT%
3.3 ESEHNR

RS, W TR RO S — A a5, THER T
A5 B PR 22 1S R, AR IR AR L R P AR, HEA

S P RORT L B AR B s o ek mpaTao T T T T T T
(il B AT . R 3R EE T, RS422 IKEh#% #F CLK 19 LTt -
W B RROHE . RS422 BEMTBEME CLK M FREUTE BBl | East ]

. T O BRI B B 6 BRI SR 1 T _ ,
WU AT AR 4, R fH CLK Al DATA fi 50000 5 46 7, Fig Testsaveformof recever

PR B0 60T W 55 49 BB 172 KIEAL,

O IR B 2R REER T A7 RO G P B 007 . A B o TR RO 155 S R T A



45 4 1) HXx%: B3 SAR BIERAIZITERIE 671

4 £

-l
(avg

ASCHE AR TR AT EE U D B R B SAR PR RGBT T SR Tk T B AR R G0 iR B AL | B R AT
SRR R IR EE IR N RSA22 B R AE AL R BE B 2 RE AR T LR BE S5 O T ELAT A0 H, (H HGE £5 1 9 AT 10 MHz,
HL 32 A% i b g AR A B T BR A, S5 T T3 5417 9838 /N T 5 MHz, T3 T A2 A R IR A 4 G 7 A v EE A MR Y
— SR sl F bR 7R ) o T 1] T A A4 O T8 A5 BOR B RGEUR R A i e B R MR R A B R G R L
AR AL R PR L T PR AR, M Sl DA R G LUBCT DOAROR BOR B RO A O D BT L R B
T 1) A, T Bl 0 R O 4 A R DA S R 31 g 2 P D) RE B A

S E Wk

[1] CURLANDERJC,MCDONOUGH R N. & fLAEZ—FRL 55 54 [M]. db5T:AF Tk Mitt, 2014, (CURLANDER
J C,MCDONOUGH R N. Synthetic aperture radar:systems and signal processing[M]. Beijing:Publishing House of Electronics
Industry, 2014.)

[2] GANVEER N,VISHAL G,RANJAN S R,et al. SAR implementation using LFM signal[C]// IEEE International Conference
on Recent Trends In Electronics,Information and Communication Technology. Bangalore,India:IEEE, 2016.

[3] MIRKAMALI A,DEBAN R,SIAKA F,et al. Fast and low-cost beam steering using an agile mechanical feed system for
exciting circular arrays[J]. IET Microwaves,Antennas & Propagation, 2016,10(4):378-384.

[4] UCHENDU LLKELLY J. Survey of beam steering techniques available for millimeter wave applications[J]. Progress in
Electromagnetics Research B, 2016,68(1):35-54.

[5] BEHILE M. T 058G SR 6 AR5 0], AU F X, 2018,41(2):41-44. (HOU
Tian,SUN Lichun,CHEN Wenlan. Design and application of multi-mode beam steering software based on parallel
communication[]J]. Shipboard Electronic Countermeasure, 2018,41(2):41-44.)

(6] b #iRE, £IEZ. s r it 590 B R S50, 2018,36(5):34-35. (GU Guoshuai,YANG Xulu,
WANG Zhengzhi. Design and implementation of distributed wave control[J]. Digital Technology & Application, 2018,36(5):
34-35))

[7] BB TR RS FREERSEPCANDLERWIFI(I]. 5 HHET, 2017(12):49-52. (DUAN Deng, WANG Wei,
XU Jin,et al. Research on CAN bus technology in radar beam-steering system[J]. Electronic Products, 2017(12):49-52.)

[81 E 5K R4, “EIRPRER RGBT Kbk ZF: 5 715 B 2740, 2012,10(3):266-269. (XIA Yong,
ZHANG Hao,LI Xiaojuan,el al. Design of beam steering system for secondary surveillance radar[J]. Journal of Terahertz
Science and Electronic Information Technology, 2012,10(3):266-269.)

[91 B30, RS422 Bk AE Pl 2 b i 7 AT [J]. 4 B AL F, 2017(7):56-58. (XIAO Wenguang. Application design of RS422
bus in beam-steering system[]J]. Electronic Products, 2017(7):56-58.)

[10] BEEW. ETAEREREERENEGTS55CBI). B TR, 2008,34(4):7-9. (LIAO Changming. Design and realization
of beam steering system based on method of seeking table[]J]. Electronic Engineer, 2008,34(4):7-9.)

[11]  ¥Fkak ZEsk, &0, — R LA S s i i R iR i), Fia 5 H AR, 2015,13(6):572-576. (XU Dajin,LI Lin,
XUAN Hao. Design of a beam-controller system of airborne phased array radar[J]. Radar Science and Technology, 2015,
13(6):572-576.)

[12]  GRALE. AR I8 PR AL IR 22 0 BN DT L ()], Rk 540K, 2010,8(2):95-100. (ZHANG Zulun. Phase error
analysis and compensation in airborne phased-array radar[J]. Radar Science and Technology, 2010,8(2):95-100.)

[13] TI. LVDS application and data handbook[EB/OL]. [2019-09-19]. http://www.doc88.com/p—31480888927.html.

[14] ANSI. Electrical characteristics of balanced voltage digital interface circuits[S]. 1994.

[15] XIAO W,YAO B. Design of an anti-irradiation beam-steering unit based on ASIC circuit[J]. The Journal of Engineering,
2019(19):5810-5812.

[16] BRAEJE. 3T PowerPCAL LN A4 AH ¥ B T A B AR BLAY SR [D). B 514 Fg K2, 2018. (CHEN Jiaxu. Implementation of
phased array radar beam steering module based on PowerPC processor[D]. Nanjing,China:Southeast University, 2018.)

[17] A% EE. DSPH (5 0 Ao 532 B[D). B8 718 K%, 2012. (GU Changxia. Research and implementation of

communication interface in DSP[D]. Wuxi,Jiangsu,China:Jiangnan University, 2012.)

EZ "I
B3 F(1980-), F, Wit , SR TR, FEENEHE EFREFU981-), B, Wi+, ST, FEMN

FIRGEAW T RS KIS email:xwgb711@163.com. 5 A 4 B T TS I AR A ) B R Y



