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Application of Tone—code Ranging in Deep Space Exploration

Li Qiang, Tao Huatang
214400, China)

Abstract; The deep space exploration has extremely long— range, large delay of signal round trip, weak signal and other characteris-

(China Satellite Maritime Tracking and Command Department , Jiangyin

tics, pure tone ranging and PN ranging are unable to meet the demand of deep space ranging. A method of tone— code ranging that is suitable
to the deep space exploration was proposed, and the transmitting and reception timing of the ranging signal was analyzed in detail. Because of
the large forecast deviation of ranging signal return time caused by long — range and large delay, some effective protective measures were
taken to reduce the forecast deviations of the ranging signal return time and avoid the match mistakes. The process of ranging capture and
tracking were elaborated, in which the phase cycle of tone— code considered fully, and the improvement measures were proposed to improve
the accuracy of range measurement. The ranging accuracy and capture time were analyzed; the results show that the tone— code Ranging pro-
posed in paper is with higher accuracy and shorter capture time. Finally, the experiment was carried out on fully Digitized Control platform

constructed by DSP and FPGA, compared with pure tone ranging, the accuracy of tone—code was higher, and range value is more stable.

Keywords: tone— code ranging; deep space exploration; range capture; range tracking

0 3|5

S 7oA R A VR . R T AR A AL, okt A
(9T HE S R R . N BT IR 2 R ITE 3. 5l “HA T
27 B KR R R E AL MR T R E &
BRI T . HEAT H BRERIIGE 30 . 4 b 8 J 7 A AT 2 10 45
ME S . FARESROBREE . WL BRI, GEEE. L3300
W45 2R 0 56 A T B S O 2 S R AR SR U . A A AL
Rl R T S 0 A v A Nk o S 3k T B A — 2
BE LRk ok i T M0 % . fE B R 2 B R . L
W HE AR 0 AL S il ) I i A RO 7 R 2 O I R B
o BE—ERUE I B K — 5 T 2 T B 1 S VA A 3 S AR
e H e O BE £ B A AR S B .
B AR TEAE ML BOR . I LB B A ROR 2 3 8 ) B 1 — A o
S Rk 1 1R R G — 2 B A S B . R D
e 0 S T A O 0 0 B R ) 5 AT R
o T 0 RE B 7 0 % T A R B R L LT
FAROHE FEAS . ST, (ELAR AT L BRI 2% 5 1T £ e 00 G 480
BF B K (F SR RS A U /N T SR E B A
s AR A 2 B

Wi HH:2015-12-05; fEEHH:2016-01-28,
EFEE 4 58(1985 ), J), PRVUME B, TR0, Bk AT 5 48
E BRI 5 R LT 1 RS

TRASHRIN 1Y 58 R 2 HARERFE IR . 55 AR 1L i i 4
Ko (555 . B2l B0 D0 5 D0 B APl A 0 B S B AL T s
K. ARSCHR Y — Fh ¥ O A BE O ik, RO R R T R i
B I S T | B I BE £ 53R [l i R WA 2= K, SR
PR AP Bt . YN I B A 5 3R T B i R A 22 . 3B S B R DT
Bo 4. BJFIEAT T LI gT . SR FW, 00T A 0K
LA
1 RERWFSSH

WERNEA BAREEIE., fF9mERE K. F5 %t
f U NI SRR N e PN S O
1.1 FBimiEEs

5 HLE  CAT IR AR L, IR R B AR EE BB, ) 4R
AW EFE RATERATIE B 28 3 540 7 km, S 3 (5 27815 H
BRI E R, MRS N E S E R . R
KATEREEE R 1 000 km, A CATHE AT IR AR O R A 0 %
AR KL 50 B, PR b T 35 45 00 00 B A XHIR AR e L 5 5
IR BR ER 1 T R
1.2 FESEEMEX

FF AT 8 5 M T i A P 2 o e — 2L
A AESAERIIE, R HAR RATA S E R m e,
A, X R =1 000 km B}, Ar =0.006 7 s; R =400 000 km
B Ar =2.67 s, W] DLYRZS BRINME 5 A2 0R B SE K. I B B

N



< 18 - TR LI A 5 sl 524 5
I FE S35 S A IS JE A7 S 1) 52 1 AW R W E 2 BT, B SE &k R . I R
2 EEBESMEHXE FFiamEZiE h ST, » FEMEEwE A T+ T, » K5 k%R

TR A I B A Al M EEAR B . A A B —
T A — A0 B A I i O T B A AR
b PR PR OR A M RSB . A DN R A R BE R A AR .
BRI, D& 3 AP B, 3R B BOR 58 U AR WO 5 AR
W B B He B — R R (R BT & M Bopies . — B R %H i
1o ) AR AR AL 5 DN B B — TR A v Y R AR A
2.1 BEHEHRARK

A ) A e 2y 0 2 A A 0 Ak B T A A
Hedgi e, wmE 1 frR. HFE A AR BHRNEGS =k, E8%
TGRS, BUESZMH 55 FUF A ES . #iiE
A 3 BA 058 a4 N B S T A A RO BE AE S [ 25 4 ok S
TN BE AR, A DU I A B AR L R A RN D R = A
By B, DI Ak B BRI A 0 S Y BRI B 5 A A R B
SR 2B AR S T B 2 (R AR ZE A 8 A R A I R
AT A AT R A S TE A I A S TRAT g 2 AR
BHE

i P
T

WER TS
o

T 5 0 A e ) £ P AE [

wmg | WS

2.2 ESER
IR A MEAS S s & £ e Hor i s 2 i 7y
NS r, (O ZFFIELLEA (PMD) i1 J7 2 78 i 75 00 2 R 2%
P b 15BN I EE R 4R 1 50
s() = sin[2xf, + K C, (D] D
A, /o MBI EES (CRVIERES) K, K,. A
FeH ARG R, FFIAS C, (o 2l RO & 0 3 AR, R
WA AT R, DR AFRE AT, HAF ST RR A
C,=Q @ Q @ Q. (2)
Hi: C, A n A5, @ BRI, Q WPEN f./2" 1)
T
f 77 B AR T DA FH s 4 A 3R 0R
C, (D) 0t <

C, (1) = 3
oLy T
o 2 2<t< T,

AT S SN EE S W, BRI EE, D
A 432 OB 3R 7 R 6 A% R FIRE (S % 55 o 00 B A 2 50 ok 9 A 1 ol 9
AR B . HEREES BN,
S(t) = /2Pcos{2xnf.t +
Kpysin[ 2xf .t + K,..C, ()]} @)
2.3 EEREAE
AR T E DERNNTAES G, Fihk
B EATE S B 58 BLUG TN BE AR B 0 TAE . S %R A T
BEOR A & K & . TP A0S 5 & 0 S A I BE JRBE . B AE S &

T,
2

BP0 C . AR REFRIEN ST, + T + T, TR i a .
WIF R T, + T, WEJGIFIG 25 C MBI 511 . B ST,
+ T+ T, + 2T, WZITFAG K% Co R P51 . LItk 24 .
KL B Coo SR IIES . o, STo B AR 5 S ik i 4 i
Z s Ty & AR5 b RIS R] . T, D9 S 38 AR SR IF . T,
HAE S DR AP 8] B B 1]

W AET . HARHEE ., (59 WILR0E . 2 0 3R 5 5 5
R AT REATAE N A RE 7] 45 B0 Ak A5 H0 3% A 5C S A9 155 00
JoX FRF 3 TR 3 ot B BT MEATRE AR . by T R R T R B AE T AR R
Ry DR I S e 71 e AR B AR A 2R L O T 8 B A — v i 2
BORE S . BOMIES & 3% AT LIRS R AT 2B R . LRI P
[ i TR 9T 3

T+T |T+T | ,+T | ,+7T
R
AN ¢ 3 ¢ Jc U
\\TO + RTLT
T+ T |T,+T |T,+T |T,+T
PRI
| R C G, AN
T, T Try . Of
B [A] ol T2 Lla] T ofgg T 2
HE || R ¢ G G AN

P 2 A I AR5 Ak R e i e P

BN AF S A3k A TRl T 00 B B ST AR B0 B B R
SRR GE R E T A S A SR, BRI ALRE S
RS s R R o E SRR R, AF R I ) 2 2R R T
WRIEATME A 1R A5, R IE 3 S AT %) RT, . S50 5 [ 22

TR S M R A28 o RT + T, + T, + 20 w209
RIS C ARG AL B A2, B RT, + T + T, + 2T, +
Lo WA TR BRI C. RSB A T R A K

HHE o WA AR B B 4 R e YR AT 15 T Rk i [ A Ak I
Fe o 240 BE R0 SR A b A A A [l ISR SR 36 L RN A
B AR T T S5 224 ) TR A I A ) S0 B A

T I BE A AL PR AR AN P 3 BT R . E EIEE HA — 4
O A, URE AT — YOO W BB AR . BRI S
0 AR T A ot S PR R T A0 R R A AT A5 TR L
55 Ty W TR S 3 22 15 58 B AN 7 11 28 904 4 A SR B2¢ o 1] A7 K 5
Ty 2 i REORN 15 A O B F ] G SR/ 55 30 BE £ 5 £ MR LG A 4T
K RESEAORHK s T, Do BRAS 22 18] A PR AP [R] . /N5 FURORS 2
LEES A

HIRA I AR B BOR A EH KA, MBI & OA
Ci B Cpo ) BIMLF R . MR MEM T CCH THR,
AR T A0 48 AR B i3 B DR AR AT B B DR E . X — A
SR AR A AR e EL o 7 ) SR ASEMYD B M LR EAT AR ABER . SR AR
it RSB T 1) ik ASOMA B R (I L O R R AR (B R, (B L B0 RN
R, ) FCAb A AR A5 1) A AR BE B L Sy b — )3 50 18 i1 B
i

(1) MR 405 A A0 BE B (8 L 28 — 1> 24 )5 3710 % 1) A5 0 ) 4



57 s

SR SF . H IR IR AE TR S R R A A T 5 - 19

bid ]

AL

SEARFIN [ 21 2

Y

< PR A 1) 2]

-
Y

A I G AR AR AL

N5 F— A
B A

RUHE?

PR3 Ttk B A K Ak S R R

,mf:F%i]mﬁ%mg,kwgﬁﬁwmmﬁ&o

(2) ARSI F 90 T BB 20, MA@+ TT 52
RS0 ) — AN BE B R, .

_ 1 i
R, = 5 ><(n,+36o)><,1, (5)
(3) LUMRECWBE B L 3, o R, FIL BEF7ICEE . A
FBER . R —L>4  WR =R—% . #R—L<—

AUWR =R A S MR =R

(D ¥4 R, 1B R 2400 77 515 1 R 5 4 .
G) EHMEMBESEMEL=R, .
(6) PEFNAT 120, B3 3= 3% DUED5E L.
FERB R R, B R AR, HIE LRSS RA S
Hi i
2.4 BERIE
BEES ARG . R B SEAT RE B D . RO SE A 32 )
B 2R A DU (O PR R AT . PR PR R AR B
Ry = R+ x Sty 6
Ho, Roo A n+1 B ZIRE AT AR M REBS M REAE . R, A n B
ZI%F AT AR BRI 1 Ap, o B FEMFAE n -+ 1 B %000 & A0
ﬁ%4mﬁnw%mﬁm&%%%EJw§%ﬁ$W%%ﬁo
T AU AR 0° %) 360° 2 [A], % L& S AR v I 5t {H A ik
JAR, Ap,. WBUER (7D #i5E,
Pt — @ | s — @ | < 180°
Ap,1 = JSD,H»l — @ — 360°, Outl — Qu > 180° 7
190#1 — O +360°, Gutl — @n <—180°

i LS T RUAS R A T A5 B 64 35 000 A A
X RAT A A B R AT R . SSSUBR R ER R . WR AT AR A
X 4 3 ) P 3 R T R AR Y e K TR AR B R T
it TR AR AT A o I 4 ol 14 B WUARAAL R, X e AR A & B
TR 32 X 107 9 — A Ji] 0 N L L A B B 45 2 T R
23 18] B {E
3 RBESHW
3.1 MEERESW

0 PR 2 05 53 RO B B ) PR £ R LR

BeH R 15 18 1Ly ‘5 DN IR BT SE By, U FF B AR R

Hh
S

cos’ (K )
@mhz——?j—ﬂ (®
W B FE AL 1R 2558
or < (9

4xe fi /SNR,

Y4 f, =1.0 MHz., K,,.. =22.5°, s/n, =10 dBHz, X1 ¥
BEAT 5 R 0. 02 Hz B, i  BE B AL 1% 2254 0. 98,

3.2 EEEWIKRAE SR

HE 97l B TR R0 B AR BT A, R8N B AT IR A S k% B SE I
N T a1 B o =g R R =7 N2 G Sy Y
AT,

LT B R 7N N N | [T I N S ol o -l = R |
AT g =5/BL. Hr, By NI T8, 305 58 09 25 3
WhAT IR B A e L R T 10 dB SR L

B0 N B A AR A3 B IR DA AR JE B R LR T 15,5 dB Ry
WAL B SNRpy = 25 TX (= > 15.5 dB. 6% % 85I B
Srita] EoRKTF 0.5 s,

AR LA 5000 %) 28 8 b 43 5] 4 10 dB AR 30 dBHz B (¥ #E 4
B ) PEATAG A, AL RNEE 1 R,

P B AR )£ A

C/No/ HAR | AEPE ity 143 A B A
(dBH2) W98/ Hz i a] /s IR /s I E] /s
10 0.1 50 1 20 70
30 8 0.6 0.5 20 10. 6

4 LWHR

B3 T DSP 1 FPGA W &5 FAbEH1F &, &
FEMA . Rk, WIRMELAMY R RS A SR, H5
DU BE 3200 & 453k 1 MHz, 2R 96 B% 77 95y 500 Hz, AGC B}
[B) % B % 10 ms, 0 BE ACGL IR B HF SR 1R 4% 0. 8 Hz, fRBIHIT
FIRSAELH 20 A, Jo AHLRE 2006 0 24 B, b T I 428 R 4
ATHRER L0, A SCI i BRI TE PR A5 5 &M F AT . A BIR
FRAR SCH 0 5 5 TR A T B8R S5 1 4 A0 < 3000 8 A e 000 B 0 1
HEAT B R
4.1 BEES IR A iE 43 AT

T A ) A ) R L AR R, N O o R O B
RIGHATIE S R, JHio Rkt m, e Rk 2
FE7s .



20 - AL A5 4R 524 5
# 2 HEEHH AR 9. QUSB-GPS R:PIfil: —4.4m SRZEHIFH: 1.0m BFEK: 0.0% 00
- oU.
W Al 35 B3 /s ERCTEEE TR IV
1 17.3 26.3 P
2 18.2 27.4 S
10.0 §
3 16.9 28.5 =
wv
1 16. 6 25.8 e
-11.0 0.0

MR 3. 2 757 I 4l AR st [ 2 BT D 0], i 0 5 T B B A AR
A (] B A BB N 2 1505 5o 5 ALG IO S8 B8 3 4 4 i ) BHL % A 0
NR 22.5 s, SEIEE RN K THISME, 2R AMGEETIES
I R R 25 . A VR A T B A AR B R] Bl R R, R R
S0 3 0 BE U S BCR A9 AN, T B A 0 R AR 5 A Bk
20 14>,
4.2 MEERZEDH

X VR 00 A B T R R AT RO A AT, S R
4 7R o

AUFEH, AXREMEFHEANERERZHHEAN
—d4.4 m, HARXRRE; WAL G a3 U0 R G i 25 N
—8.7m, APEshE K. B NG5 Lm0 50 E R
500 kHz, A3CHEH 098 AR A I = H MR 1 MHz, KK
PR T P D SRS R s R A Al T B R R A e, 5K
TR A Sfe M JBE AE T Ol P 0 A R AR, T AR R R
FHIRER T DI R #EATIE B 2558, 5y S o . ELBE B A SR v .

& o

5 RZ

FEXT IR A RN AAAE HARBE B IE . 5 S ok, 55 1%
o P EE R A R A A S 0 I 0 0 <5 A0 B A D 1 S0 B ) A i
b T B EIRA TR WA 1 RS B
Homks . Elod MR A . R, F)q T T %
WP FE . GEARFWY . A SCHR BRI BE 5 AR R G BE IR 22 B
R

0 90 180 270 360 450 540 630 720 810 900
1] /s, B A : 17:50:50. 1000

(a) HFHEWERGRESH
USB-GPS R: FI4{l: -8.7m BRZEWHM: 0.6m  BHEZE: 0.0%

-6. 9, 25. 9
-7.9 23. 6
=8
)
= o
L9 2138
T =
g 2
=}
9.9 19.0
16.7

0 23 46 69 92 115 138 161 184 207 230

B IEl/s, B Al : 17:41:10. 000
(b) 200 W BE R 45 3 2 4T

B4 PIBE RS ERED T

5% 30k
(LT BT 5. 00 00 B 7 4 0 00 4% v 9 B2 T gk T/ [T, 2009
(6): 40 —41.

(2] mshic, X &, B F. FR 7000 BE R G BRI BE B (4 vk
[J]. WildgA. 2007 (5): 142-145,

(3] mpadetl, TREH. A 1R, BT R 0Lk M 1 30 BE B 9 4 I B 5
P [T DB AR 244, 2006 (1) 60 - 64,

(4] /B %, BhEaR. £ TR MUK SN0 (5 R 48 b O I BE 7
WK EEAE []. BREE AR, 2006 (4): 91-95.

(5] #AfE. @fF syt [M] dbat. sF ok # st 2011,

229,299,299,299,099,099,999,239,293,299,999,039,099,299, 939, 293,293,999,0399,039,239,999,293,293,299,2399,239,239, 999, 293,293,293,239,239,239,999,293,293,993,299,239,239,999, 993,293,293, 290,239,239,999,993,293.

CLHE5 16 30

D il fs PLC N 1/O A58 He i 28 21 i s 8 BLHL . PLC
HUA A 3022 2 Pl A o WL UR MOl (R REH . W4k T PLC 5o
FRPLHE O, LT PLC HLAE 19X 2 it K A48 19 58 4058 T 5

2 il s ) BEATL 3 o B — o N 4 o B RO A — A X Ak
e, SCEL T I Al M 8 ot B R O TR E K A 0
(R

3) PR B R TG — 1) Win7 #4F R G G M Visual
Studio C# JF & ¥ 55, i B2 Uefle . BB Ak Fnnl e 1 1L,
W0 T Ay O AN T 25 AT R AR
4 #Fi

A SON T PLC BT K A 3t T P00 4% 28 48 B F0 AR Jnt B
BEAT T A TR R GUE AR S AR . I R Sl
A SR T SN A SR E B S MER, &
AR E M BURWHR S T RGER A& AR . 3d 5 Pt 1
AR T B8 A BT T B AT SR B T EE R
AR A D et O (A A - o S D S € e
HH . KBRS, BAMKRELS MRS SHE) 7 AR E

BOHE P AN o 5 e 2 — 20 M N — 4% M 0 A 5 4 1R
P 1o AR GERY T A

B3k

(1] EPRMR. MR HAR (M GE 1O, dbat: hEBEER
Hi A, 2007,

(2] b 7. 3+ PLC WM H R4 it (DI Riff. Rl
K, 2007,

(3] . HER. A& PLCHARSMMEILLES (1.
LK 5%, 2005, 12 (3): 135-137.

L4 25 ~r. MooR#S st 2 i vl 82 45 3 OB HR [ D. SHa L &t
i, 2013, 11 (6): 447 - 450.

(5] RAEF, X|=52s, JE TR PLC B R H A R RS b
M LI, fiR#EHl, 2012, 30 (5): 78-82.

067 kbt A I 418 e vl 0 5 382 45 B PR ASE S qb . P 0 B A iR T S
B (1], MR T, 2010, 19 (1) 72-76.

(7] 835 M, M 2. & B 56T BCE SO DT K 25 Ak B 0l 3 4%
PRt B3t oy ik [0 5 PLI 5% H, 2014, 22 (7).
2316 - 2320.



