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T TSP A2 s (0] 7 A o e /0> | 156 B 4 1R
SIRPERRAR . PR, AR A 2% B 5 v A 8 B G 2R
W7 T 255 7% 1 4 Spinal B 5 ] TYR2S A5, 1€
PEI S HA B B i J2 256 bit 1 512 bit,,
4.2 MWFHEHMIEES T

WAy PRASTE Spinal B2 1% J 1A 1of 72 b ¥ 259k
W P < A A e A VA FE W A R EO™ A A
{EFNTF s, , PHRENLECR L% (RNG) R H 4 A5 BR R
Ji 5 PR B B 8 G B, () 2 S A2 b R A bR
Ko DR, A L ZEWE ST Ay bR A Spinal 51 fg
S22 52

AR SCHERE R E A R BGHE T L, Horh
ELAT R BENLYEY salsa20' ™ - kE 4 AT 155 32 Ny
HAE, (FRE B, T HEAT 320 YR S s iz |

TEREAZ 5T, H Jenkins ™ 48 ) 1 B 0 1A 5 bR 2K Took-
up3 I one-at-a-time , & B 3/, lookup3 K FEH:
2 ABENUE, 1855 7 Y sl MRS 8 NI ; one-
at-a-time PREL—IK 1z B REAS B — 1 th (E, 75 F
1 6 W 10 Yl 15 AL H .

B S R =M [ e Ay R ATE 2 A [R] 250
T EPERErh L, 07 FLA5 R R WA R S HCT i L RE
LRARIEATE G, A UL A bR e X Spinal % 9
TR REIL A A S

3.5

—#— one-at-a-time

lookup3
—&— salsa

3L

# 2R (bit/symbol)
>

—
T

0.5F

SNR(dB)
5 NAREMKRZEHTE B 55 8,32,256 HItEAE

W R T, K 6 Rt T =R R 0 A
iz T Spinal % 200 K () iz 17 W], Hh &A%,
lookup3 | one-at-a-time  salsa20 {4 i [7) 58 2% B 4K IR 3
1,

35 T
S hash: one-at-a-time
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= 20t 1
E
W oT 1
10} d
SF d
o ~iem il E |—| I

B=8 B=32 B=256

E6 REMH RS T IET A E

% 8BRS AR P AT AR R AR B S, AR R
T EAT 5 G A , i r 2T AR 28 B L 2
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R, BT ATEA 2 MR R I IGO0, W e B4 S
PRGBS AT AR B 240, IRUL, 8 A oA B A 3
FER L) lookup3 HH 1k
4.3 FHEMHERBURKMFE B FEESH

TERGA R 5 L B 1 55 K44 B J2 Spinal A%
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JEXSFRANIR A FIE . 72 R ARSI E T, PR
ity 1] AR 4 H 2 B B8 0 BE R A [R] i 13 A 3R 5 S 4L
B, TR (R AT BB A AL B - 28 A
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23 IR P 2 B, AP RE R S8 25 1R T .

&7 45 T a5 16 i CRC K5 ZnfidHe K 3 n
H 256 bit, B 43 HIHL 8,16,32 64,128,256 ,512,1024
iF, Spinal fi%h (%) PE e 45 SR &1 5 K] 8 (1) 475 FL 45 144 AH %t
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0
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e
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B 7 n =256 bits &2 kKM F 8 B SHBEH S
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WA B LRI 280 B A, SR SR
RYEREHOR BRI A AR R . (225 B %) — & {5
ZJe, PRSI A R BOk#/h. 9 /R T n =256
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9 EAMFANH B X EHEEN E 0

FEBI e A U B R S AR 5 R B, ST R
kPR B P e BRI BN B . B 7 WoREd
K n R 256 bit IER[E Y B EXFVERERY 0, 24 B 1Y
K2 256 J5 , PEReFETHIREE AR /N, AETRZS T 4 Tt
TR A BRA Ak 1y ni AT IR SR B Ry 256, % i g
JIBR A T] SRR B =512 ,1024 SRS TARMERE
HI Il 8 AT, 2R n S 512 bit B, X 4% fi %5 U5 52
B2t W EHE B SRy 512, % B BE ) 3 1 & o v]
WP 1024 St — LR THERE

5 AR Spinal &ty 4| 77 X

TR2S S R BEHHRAE R , 5 RE L 2™ 5, A2
R FHEA ARG ERAIE ) 5 D) RO AR AR T i 1 A5
5y RHNE PR R B A 250 L B AR N B
MR HAT, 25 [ 80 R % & 5 2 (CCS-
DS) 2R H i iR i 7 22 R ) QPSK/0QPSK,
Wl R 2 (58 (9 P AT RS AL 8 B A5 B R
RGO 3 55, 55 199 7 Xl gk BoA
SE T AR R FH S A 2 B e A, SR [ 13 ] rh 2 2
A=A ] 22X AR ] 7 30 8PSK (16 APSK 45,
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J2 2 bit/symbol , € P73 B BV AT AT, 7 SNR 5 FE 44 i
22 PSR R T i 29 PERE B E— 255 T . A/
T Spinal A5 2R FAS [ 4 il B &5 00 1 DL £ 4T T 45
P10 g T 1000 Y075 5 04~ B8 R 5 A R
M2EE . S8 ¢ TR B &, AR R AT
HT el Q BR A LURF R, 2 ¢ = 1 I, RIRAT S 2
bit ZH B, RIS 21 D0 g B2 e 18T 5 24 ¢ =2 W, AT
B 16 mi R JER e =3 I, Al WS 64 R EE
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P 10 Bk 1 AR B PR AT - R IR Sl A
L -5,10] dB f5HE VLN, c =1 X RAY 4
s R U ) (A0 QPSK) B i 4 55 7 R FR Y 22 L7
SNR J+2 2 dB J5 2REEAL, 100 ¢ =2,3 73 5% B Y
16 .64 i 2 A A PR IR LrPERE, H e =3 Mt ¢
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Spinal 53 F TIRZSE (5 RGERT, R AT 16 530 2 )3
BRASTEANTR] SNR 25 TR REFRAFE miPERE
5.2 5 Spinal F5tHILELRY 16 2 B A& B R
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ﬁ%"ﬁl%ﬂmf”%ﬁ(ﬁ DVB-S. 2 H R 18— b 4] il
FrR mmf“{ﬁiﬁa”\ AR K, A B
Tfﬁkéﬁﬁﬁiﬁﬁﬁm ZAF1E 5 TR FEHAT M
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R
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PE, P (r) SOBERE AR AL, AR S F # T RY AR 2k
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Research on the application of Spinal codes to

deep space communications

Wang Xueqin, Wu Shaohua, Wang Guishan, Zhang Qinyu
(Shenzhen Graduate School, Harbin Institute of Technology, Shenzhen 518055)
Abstract

Spinal codes were applied to the study of deep space communications to increase the transmission capacity of a
deep space communication system. In consideration of deep space channels’ characteristics of large loss, long de-
lay and dynamic time-varying, Spinal codes’ coding-decoding parameter combination, constellation mapping and
working mode selection suitable for deep space channels were studied. Spinal codes’ coding-decoding parameters
were optimized by simulation, the performances of Spinal codes over an analog channel and a digital channel were
compared, and the modulation modes matching Spinal codes were given. The results show that the application of
Spinal codes has great development prospects in deep space communications; using the short encode length of 256,
512 bits, in combination with 16 APSK modulation in an analog channel mode, the performance of Spinal codes is
far superior to the traditional low density parity-check codes (LDPC) with the high complexity. Spinal codes can
get the performance closer to the Shannon limit in different SNR conditions.

Key words: Spinal code, rateless code, deep space communication, channel coding
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