N z'I N =4
w® = RN F R
Journal of Deep Space Exploration

ES5EESH
2018 410 H

Vol.5 No.5
October 2018

KB RSN FIEE M IRB I R AT

I K, EhAE, A, TR, B8, BR, %138
bR SBEREA AT, d63E 100094)

i OE: HFRTREERKERNTSEMZEDL (Entry Descent and Landing) $AT Bt RUSHER I, 456 KB RSN
MR IREE A3 BT 73X — RAT I B R SORIAE A, ARG R T AR TR KR A AT 5% 1) B AR MDA 55 SR IR A B 2
W, IFCASEE 455 7B MAT 55 A B 40 T EDLI) AR A B 2085 TB, VRAIRER T KR R BRI Bl A5 5w L i
A ] 328 9 DA B e B A5 5945 5 A A 3 Oy SR A5 D5 0015 T AR PRI SRR R o A JE R R TR K R AR 55 R B R AR T

Ky ALSHEA RN ESE H T #.
k$2i7): EDL; mahAy:; MR STHu@fE: E-5600
hESES: V476 XEAFRIRTE: A
DOI:10.15982/j.i55n.2095-7777.2018.05.004

NXEHS: 2095-7777(2018)05-0426-09

SIAMRR: M, HOLSE, ZlEE, 55 KB RN TR BN 5 R R[], IR

W, 2018, 5 (5) : 426-434.

Reference format: HAO W H, DONG G L, LIHT, etal. Key technologies for communications in Mars entry
descent and landing[J]. Journal of Deep Space Exploration, 2018, 5 (5) : 426-434.

51 =5

T B UK R IRIAE 5 11 572020457 H AL 75 5L
BRI R KALS 5718 8K F LA, R K
ITA10M A G2k KR, Skl ah ¥ gk N K RIS
i, 25, Mo 55K TE, Bt e
NHREE (LA KR IRGIRI, HRG ISR TCE
Wi T K B AR, ARG R X BRI 3 H A AR o

EREN KR RSN FREAER B (Entry
Descent and Landing, EDL) , #8034 LIk 2%
S TE P K AR, R J N [A) P9 58 B T8 S BT IR
Fevk R IT S5 m sh A HLh 3 1E . EDLJ K & PRI H X
FERR . AR = i KATR B, AN K 3 Bl A
F R ALK, RS SRR I,
B SCI A Bl A RATIRAS AW B g A B
HARITERBFMELE, NEE UTHESEREMR
FPR AL EH Sy

AR Bl i 56 TR AN R 45 7 UK R i A 45 T
AW, M T — RATBY B L EAR S M A, e
THRRBAE S AT B0, FE4E30 7 @ (5 1
EDL AT Fir BOH KR BRIIAE 55 Hh 1 SRR F S AN T
AN, B REIR TR IS T R A SRR,
IR JE IR E K BRI SSFR T BRI RN S 204

Wk H#: 2018-05-05 &R H #i: 2018-05-28

HEWH: EFRARRAIEEHRIIE (61603008)

1 EDLER ¥{TEHIEZESEEZHS

1.1 BB ITIHEE

EDL B Fa PRI 28 WK 2 APE PR SR . (B
RFEE) &t — RAERE) TP RIIA A KAE
PATE CRIE) RIEM AT, L3R E KRR
“Urar 5" (Curiosity) KEZENE, FRINES K2 £
BB ITHENKE RS, WA RESSEE. B
KA I E— RIINLENANE, BRJEHUAKERT" . H
H HENBOR TRERIN A kN KR RS, BEERK
WARTT N IER CATH B T IR RIS R IT LU R
AT B B, 38 R B HE K T S0 S 3 1R
B s ARG 4R PRI 28 55 J5 HGR K B R I LBl 31,
WEAHZ AR FREGE TN, RLETF B R
KPS HERFEREPREN. K Z220126FE “4F
A5 KB EEDL VAT A R I £ B FHAF AL
12 EZFEEMS

K FEEDLE E 24 LR 3/ i

1) S8 KAT IR A

FHLE T Hb3R, KE RS0, HEEMNAN
HBR KA A1/100, WA 2R, 22X —RER KXY
Ma),  3gE N KB R ER I 2% R 22 v B2 B 6 B S
JEA B ERRAR, FREL K (EEE 2B



%5 4 0T % KRR N T B il BB 42 8 45 D AR 5 427
W A
Fpl SN
f il
j% I g ﬁmﬁx W 4
wK @ &
- -
7\"’K (k)
EE
eI
o g THRE
an @ 5 HEK g
B l
LlESI [ KE
faa= = SRR -
&1 EDL¥ATidfe
Fig. 1 EDL flight process
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Fig. 2 Atmosphere characteristics of Mars v.s. Earth
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Fig. 3  Altitude-velocity comparison of a typical ballistic entry, descent and
landing at Earth and Mars
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Fig. 4 Landing sites of the past Mars soft landing missions
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Table 1 Communication links in the past missions and the related landing status
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Table 2 Critical electron densities

HEH AR /GHz BB A PR I gt T E B (A-em ™)
0.401 UHF 1.99 x 10°
23 S 6.56 x 10"
8.4 X 8.75 x 10"
32.0 Ka 1.27 x 10"

B 745 0 T A FBAE 5 A A f R B S SR
IR 45 2 T R R A A i 2 o R AL 20K BRI I i
FEETHREEG, BRI BT 2
I, AT B T R R S BUE A . AR ]
TR S S AT EAE KO BRI 5 O R AT g
A7 A 25 Pl A o SR S8 RO B T 8 B JE 135 T 0 %
BV B SR G A R S R ST KE
EDLBL ©ATIIIE], K225 LN HUIE 2% 18] (T UHFIE 5
I T HIATO0 s RRER AT, IO B M3 {5 R R A2
EZIRE - AU

100 000
10000 |

g
= 1ooo |
=

100 |

S-BAND| X-BAND |Ka-BAND
10 I I I I I
109 IOIU 1011 1012 10\3 10I4 10I5

tﬁ?.’ﬁﬁ, H P45 em?

B7 AR S S R R S TR R
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Key Technologies for Communications in Mars Entry Descent and Landing

HAO Wanhong, DONG Guangliang, LI Haitao, WANG Hong, FAN Min, ZHOU Huan, XU Dezhen

(Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094, China)

Abstract: In light of the entry descent and landing flight in Chinese Mars exploration mission, this paper has analyzed the
difficulties of this mission phase based on the characteristics of Mars atmosphere and terrain. All the past soft landing missions on
Mars have been reviewed and the potential reasons for mission failure have been summarized. The communication architecture in
Mars Science Laboratory has been introduced to illustrate all the potential communication methods. The key technologies include
communication strategies for blackout, selection of signal modulation and high dynamic signal detection at low SNR. Finally,
suggestions have been proposed for the implementation of EDL flight in Chinese Mars Exploration missions.

Key words: EDL; high dynamic; blackout; direct-to-Earth communication; signal detection

High lights:

e The difficulties of Mars EDL, as well as the potential failure reasons for past missions, have been reviewed.

e The key technologies for reliable communications are analyzed.

e The concrete recommendations have been proposed for EDL communications in Chinese Mars Explorations.
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