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Highly Isolation Design of Microwave Landing Radar for

“Tianwen-1" Mission

LI Shuanlao, NIU Wenbo, ZHANG Aijun, WANG Zhenxi, LIU Ruidong, JIA Jianchao, WANG Ke
(Xi’an Institute of Space Radio Technology, Xi’an 710100, China)

Abstract: The microwave landing radar is a linear frequency modulation continuous wave (LFMCW ) radar,
which is a key instrument for “Tianwen-1" spacecralt during its entry, descent and landing (EDL) phase.
Signal leakage has become the key factor that restricts the performance of LFMCW radar. In order to satisfy
the requirement of small, light and high isolation radar system, this paper combines certain methods including
a high isolation antenna design, intermediate frequency filtering and leakage suppression in digital signal
processing. It is proved by a helicopter test that these methods can filter out the leakage and reduce the phase
noise of leakage signal about 10—15 dB by analyzing data.

Key words: microwave landing radar; linear frequency modulation continuous wave (LFMCW) ; isolation;

leakage suppression

R R KR R IINAT: 55 ¢ R ) — B B £
T 20204E 7 A 23 A ik & 5, Eﬁns%f)u%?ﬁ\
T — R A R R N — BRI B R S

JLA B B - 3 B8 L A% 5 3 S8 a0 8 Jm = KR RS
HEAHT A B BE Kk B RSl el B B v s
BRI 1T BB . RO Bl TR O T I S DRl

FH P55 25 i1 3 il 8RR 2 21 B, 2 Bl 28K 0 25 R a2 AR
UK R ZE W AR . X T ok B 3 Bl BR AT 551
5, A TS 2 B (Entry, descent and landing,
EDL) By Bt 2 5 Ay QS 1Y B B, B 4 D 2 B R
AR 55 1 . ok 2R EDL i B2 — i /e M LT

Y %5 B 8 :2021-05-09; 1&1T H #§ : 2021-06-10

BEEE - #5758, TR, E-mail: lishuanlao@163.com .
5O B Ik

ELIER St e T B U | A B S N [ B

BOFIE) )T B B A Rl GO S S S
(Guidance, navigation and control, GNC) & 4t 2
BEAR T kB R TH Y B B RN HEEAR B R S 2
il 0 E SR B

H T I A i

22 ¥ (Frequency modulation con-

e WA B R R T T IR T ] T s 2 0 R R

##,2021,53(S) :97-101. L1 Shuanlao, NIU Wenbo, ZHANG Aijun, et al. Highly isolation design of microwave 1andmg
radar for “Tianwen-1” mission[ J]. Journal of Nanjing University of Aeronautics &. Astronautics,2021,53(S):97-101.



N

98 Mow o o= M

PPN

i 53 4%

tinuous wave, FMCW )\ A ANFIAEEEH X, Al A
T2 R R — 5 7 R g ok 8 T R B U AT R
0 B A K R B 48  T A E /N LR I {E )
AR AN G R AR P R ] — 5 " kA B
AR T VR S A . E PR R Ak
T Ik 37 B 22 0 T IS AR BRI 2 S 0 R s
WAE R SHES , P TR 38 & S5 58 W] 3kt 4 i A o]
B Aw 5 R i A3 ML . 24 3R 48 i Ik ik % B
FERNE I, 25 5 30U S 5 1 e 20 12 0BG B b i )
Rl K E R — R E G R (DRGSR
K2 BEAR 3 WP Y R SR, B 58 5] ke 422 WAL BHL 2
(2) 1t ¥ 15 5 4l o () Mg 75 30 45 T B 2% W IR X AR
AN EEWAR 5 5 (3) 1t U 15 5 76 B2 W Bt i 5 | A 1 28
WG L HE AR LA AR R AR 4 M A T 2 WAL
B RE T L 5k 6 200N 7 2 WA B I AR ME B T BR
(X FERIERG, KOG 5t U 20 482 50BE 2% o]
e A ABAE S0 DR I an ey A A k41 i A A
TS B IR H R P AR A RS S — B R
e VR 252 % TR 8 T B ) S B ]
1 MEERETERSET

ol 2 il B AR AE KR R A SRR o 4k
FRELARAS , 76 0 B B 4 il B4 50 A e Lt I T i n
M, MR R IR R AR , DA s TAEJR T LAY
F o P AL AR B IR UR AR R K B AR T2 6.2 km
e BB H B 7 OIS, T A B T A T AN TR AR
A, IF IR K 59 R 2 W H W U, I Ak X IRl 3 g S A
Ak PHRAS 5 SR ) 4 BB R R A SR A 2 R I A
M5 % 2k P I B s B R (S B B 2 Rk AL R
5mo R[] —5 " ER I % 25 Bl s w1 TR
¢RI e

= "
A _““\qﬂ PHRHIR

R
PHE R e 5 1R B
KRR P

KERH

BT R IE — " R0 4 5 Rl s 2

Fig.1 EDL illustration of “Tianwen-1" mission
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Table 1 Summary of critical radar requirement
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Fig.2 Observation geometry of radar
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Fig.3 Configuration of radar antenna
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Fig.4 Hardware of horn antenna
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Fig.5 Horn antenna pattern
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Fig.6 Triangle modulation continuous waveform
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(a) Frequency spectrum of positive frequency modulation
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Fig.7 Frequency spectrum before leakage suppression
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Fig.8 Frequency spectrum after leakage suppression
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