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Abstract : Key techniques of spaceborne millimeter-wave (MMW ) radar and some probes for space debris observation
are introduced in this paper. First, the simultaneous multi-beam antenna is introduced into high-speed object detection and
the modes of the radar antenna and transmitter is analyzed. In order to reduce the Doppler ambiguity, a multi-frequency
signal processing method is used. The space station MMW radar parameters are given, and ranging, angle resolving and ve-
locity measurement accuracies are analyzed. And then the radar platform coordinate system is created in celestial coordinate
system. The relative position and velocity between radar and debris as well as the corresponding accuracies are investigated
by velocity decomposition and coordinates conversion combined with radar imaging method. At last space station MMW ra-
dar parameters are given and the performance of space debris orbit prediction is also analyzed.
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Fig.1 Spaceborne radar detection area

NE—EBAERT , L3 FR BN X 8] 1B =5,
BRI AMKRL AT RABIE . T
AR A BA RN SRR B m KK [
B, ARGE K- 6 Jo] Bl 2 (1A A ) RO AR LA ] i
BRI/ 5 B A (9 UM S 5%, 7 R K2R R A T
B[R] BE LI 77 1) , 48 A B AR A A A SR L
255 , DFFE LI 72 b R 7 I 2SR R+
1.2 AR HL2s (R RE BRI ALE 3h 2 5Tt

ROBETEJEOR % B 2 (1R - ply T HL o R B R T AR

RN, BELR BB A T MBI L, TR ARSI E
BREMARI R, EREFET, XXM
RAELRUE . PP R Bk TR R RREF
RHMAERE  — DN 2. B B3, 1000
ARkrb A T B R BT 3K 45 30dB [ {5 Mk HL 3R A, 7T
KARRFAFE BAREEUERE, Hh T BinfiE
AL FREZ SRS, B KB R s, fifs
GHTHRNBRR A E R, FER T WiEs B
PRI AR

fifeDR LRI B — A IS R R B R B 43
P B RSB HEE S A E TEm BR
B =2 R AR RIR Z e, i TR SRR
RS RRGA G S E IR &0 H
P EL , oy [RIE A ke B 8 B 4 0 2 7] AL, R
RN ESIRE R PR GERE B,

LG B AR B AH L, LA SAR F1 ISAR
JIRFEH LG T BT B AR SR B #R L T 32 3h A
2, 58 i KB [R] A AR R, 3-8 T K B AR g
LBk , X IRBUAE SAR 53K 5 #2 H ) 15 M LU A0 E B
PEESH 3 IR Rt o FI% JEKE SAR il ISAR 1) —
S RAGAL B 151 A A 8] B AR R R, PR R
AR BRI E I L. FEULIEARE b, T AT I
HErESRERAKE A TR R, 3HEEE B
SACR AR A TR R, AL —E MR
JEE B[] 2 1 ( STC) ZhAE'™ o Hh T 78 R AZ Ak B 5 72
H 3RAS B bR 1 BE A IR, th ] 345 B AR A 1)
B, R R BUR WIS E L2 s B E R .

SHAETHEZ shMER LR, X = 362 3h B AR
HITSHUET W R ZHE S R E K E S W E
LA R, 785X 13 72, Keystone A5 #i fl Ra-
don A R] VXt iz 3h H #rfE 17 HE B AE sh AL IE ) £
B,

1.3 ZS[EiER B E &

FERFELZMT , Tk 2 R R A7 = A2
R ), AR R - wk - R - Bz
MSHAGT - PLEN RS RS, S—HEH
FEXME IR A BR , 2 F K 26 0 R0 e 13 7
SRR B AR AL R E (B LR A
s, TWFFTH B AR PR

BIRE G RBUL T 2] B AR =207 B DA KAz 1)
P, T AR AL HE, L REARAT E AR AR R, ]



2748

T

H F31E

UG W AR 1o R B R 1) R B AR BT B AR R =4
23 [E) -5 ARBRAEFR FR , A AT BB RO H AR 1 318 T
WE@E, EREFE L, HTFEEIERZMRREN
HLHE , BT E % B ARTE = 42 8] B
TR BEARARAS Be T R S B0 9 ZE5K . AR Rl Y
— AR R R IS I R IR B AR AT R
AR, 75 S R AR T A R T v o 3
BE EREE SRR E R G =428, 3K E
b =432 B S 40, L TE T A 18 54

B & PR R RER PR R R WA 2 Fr
7, FERRRIES O BlHO A R AN «
L WA M EETFENHE T,y 5
2 B A TR AR R, FET RE Ly B &R
%' 0"y" R & BRI H,y' 0"z F
T RGP 5 AL 457 T o 24 R P A B 48 1)
B, R AR =4 B, RAEAIRRIEAR 0" Fl«' |
y' F 2" =3 B IEAR AR PO R ER 5 2 R ER I R 48 1)
TEx'0'y' TN, FAEALFRRIE S O M’ F 2" Wil
FIERAAR ARG, HELKERR R L, F L,

K2 FPREFRRM=REATFBIUTRER
Fig.2 Platform coordinate system and the

three-antenna radar geometry

o TR 2 REEM , BAEA IRELEH T
o BARE L, IR A T B B R PR XA
A —~ZS [ F LI B Ik RGeS LB R AR

2 DEBEHBTEERESE

23 [ 3 R R FEZ R =S (] B A WL 55 1K R — 28
BEEMAFG. —T5H, 2 BB RRR AEPLBTT I
B, M52 225 [ R IR . MO E R R/
TR R S (A R AT LI T , AR W R BLE PR
LRGBS AL EE, M BN S E A B2 AAEER

o FH—IT, BN B 5K T SR B R
AB 7t oA R EE 2R 2 (8] E B SLI0 E 16 ) 6 PR B it
T %M
2.1 FIRHBEW S

FEMRABYE L mEF —BASEA LT &
i, FZs 6] R B SR 180° % 4] 32 3h e B2, [l
15 BRI O°[R] [a)32 3h AR 35 22 , (Bl 428 1) B /1N
BB K, NZE 2T A BE U, 25 R B oK I R
IR BT LA — 7 Je M i 2 HBhE i 2 | i s
A PRI 5 3R R A B [ A LI AL 2 , R 43 DX 3
BRI T 2. 7EULEERE | B B TR
A2 BRCPR I X358 T 7 £ DAy — 233 [ 3l B a2y A
FE LA B R T LI X 35K, 7] 25 5 g — A e B
B 22 R R 2k, 1 F B BB 4 433 1 N
TR TE LI DX, 2890 25 43 B R4 ¥ 3R 43 14 31
AR R £45°, #F—25 2% [ 3] B AR A E E W
£55, REM O R T /N B
2.2 REMEHFVHTER

rEA ) B [RIE 22 R P4 R B TR
AR TG YR AR [ 0 [R5 3 R 4 51 % L Al B R
A HEREEE , (H B T8 K B AR | AR L T
FZN R, RER G E % B hk g Rk fE REF
BRI FRCR , HEARF RFINERFIEHTIH
AbHE

MBI A B, (8 2R B IR AR P R R, &
Gy LI R 5, 2278 PR [ B i, 25 5 SR
PIAECR A, (8 B T R SRR R, BoAR B N
2%, EHRTES 180 R B 3K . S 4E Ka P BRI T
RIRAA GBI & 8, FIFHTh A A2 (B4 B
REZSNRE AR AE E RS, (HHMR
UK 10% ,Hoas ] o R A —E M ER, 5ZHL,
25 8] TWT 3R EEH] 50% | iy TR d ok, I
PR B AT 2% P P R ks 8] TWT BRCR AR

EF LRER, KRG HEHE AR ERLENE
R, BHRF 24 58 R F RE A A FEFI R
2%, 78 5 K ORI X [8] , 38 BR 4 B4 BT R R 26
RIS SE L B EEF LTCC # AR M0 A LNA B
TCHIAIE R & S B 2 45 W R (5 5 R i B2, 1% 0
R RAET R FHBORTES S AR R A

HFARFE, B LR RERRZ R &SR
LIS, TEIE E bR AE R E AR XS S, IR TE



512 3

ZEIE A R EOR P [RIE L & A R i S i3t 2749

R R IR LB AR TR DL T 7R R 1) A B B ST
LS BRER” R XER , 0 H K2 & XHE 5
LR AL B . HARBRER TR AR 5y o XA
A BV, 78 R Rl A 0L 0 X 8] U HER A T o 1l A 152
TR B R STHBOR , I8 0 4B D R 1 A 1
REESRE B3 HARE XA K.

TBRE K SRR R BOR IS [ IR AL T 270"y
ST, Sy fife R E AR 8 B B R 4 A R 0 )
B RERET GBI R IR 0" At f B FEHR
TR RO 15 5E 7 35 K 5 R EE S, HE AL A
R 0\ T 2" Pl _EARBE =S AR r i 4 A
IRl 25 R MR Z 5
2.3 HIBMHIES AT

NEBRGETINE, RGER LM AR5 2
H— R =W, 5 Z AR R, R GOR B B = H il
M5 SRR AL T A5 o T MBS T AR
KW, ZWHE HESBIE AL BZE &
Bl MR 1 5 155 1 25 M IRV . R &
155 I AR, AT A AR TR + 2 055/ ik
PEIRIIE S 14 70 B/ oD RS [/ B - e ik
SifE S R PFF T LB, 53R E 4k
SRR A HARER IR 4 A 15 A 2 — A Ak i
R TS Ak 2R 6] = Ak 282 ik b 50 00 el B A 9
A 1) o B IR BE B B R TR B e

BRERA=AHOIER L f, fs BT
PRS- R EIPHEE S , HBTE A 3 frs, K
H A ESHL RS EBRZERD, BT HE S
WA B, , BAME5H TN 3B, .

f

VE

f

Tp

B3 FRFESWE
Fig.3 Radar signal waveform

ARG AERCEER S BRI 4 Fiw,
PR E SRR IE FE W K Keystone A5, BRI B 40
HRAIT E AR AT 7R B B — 23 B AR R e A A
PR S A~ S S8 A o 2 3 A, S ML T %
REAT A 1) 8 B2 ARVB ) B i 35 R 5 IR BEA (5 5
TEREES - 28 8ot BARsE e R R AR

X 2 [A] 1E 32 ) = 21 e Wil 8 1) i 7 PR Bl
BGREAT T AL B, FREH b = 4 2 8] o7 B A0 B
58 FERCEA b ATy H S HuE o

TS, TR, THRES, BRI
| J
[ o 4 | [ o4 ‘ { Wb | [ e ‘
T | |
‘ AL | »|EE%¢3:&E| ‘EE%EW‘QEF— ->| EE%@E%’J*EBZE‘
el
t AR | | A ‘
|
} H b | | Keystone 44 ‘
|
t P | | it ¢ S 2D
|
Lo I [ ]
[

K4 SHRCEER SRR

Fig.4 Signal processing flow chart for each receive channel

W25 B oS A v B2 K P 75 8 TAE7E Ka
B, Xt 3 —Sem REEREHR (4 RCS # 0. 0lm® %
8) B RAEFEERS N 15km, 2L H L EHES
KRGESEAERERER IR 1 iR,

3.1 TR

FeSCHR[ 4 ] #5528 2R BRI, 531 22 488 /N B P 28R
5 A SR B 25 (8] H AR5 -5 1 225 8 O iR AR
RN 225 By FEASR | A1 22 35 K B W 80 F T e i
B B HAn 55 M 25 8 FE, A MRS
TAESRA R FAAT

B <lf-fl< min(%PRF'C PRF'RO") (1)

’ 2
vr_max zvc_rmx : 7‘3

PRF - R,
f=fil < (2)
S, ¢ G R, ST BRI SS M. BT

SR RE IR 4]




2750 F AL 5531 %
F1 REZRBEFASEAERRIET
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