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Abstract A new upsurge of deep space exploration has arisen internationally during the 21th cen-

tury. The TT&C (Tracking, Telemetry, Control ) technologies of deep space are very important.

The YH-1 microsatellite is the first deep space explorer of China. In this article, the deep space

TT&C characteristics, the key technologies of the YH-1 TT&C sub-system are introduced. The

configuration and technical performance are provided concisely. The functions of TT&C for YH-1

microsatellite are: the telemetry link (downlink: from the microsatellite to the ground station) that

transmits engineering data (spacecraft and instrument health and status measurements) and sci-

ence data (including image data); the telecommand link (uplink: from the ground station to the
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microsatellite) that transmits the control information and commands to the microsatellite. The or-

bit parameters can be measured by one-way tracking, one-way Doppler frequency and VLBI. The

microsatellite TT&C is working of X-band. In order to simplify the TT&C sub-system of the mi-

crosatellite, a transmitter and a receiver are used, instead of a transponder. The TT&C equipments

onboard are designed with redundancy, which total weight is about 10 kg.

Key words Deep space TT&C, Mars exploration, Telecommand, Telemetry

1���

���� !"����#��$�����
�,%�&��"�������&�� '(��
�����. ��)!�"������* � 
+��!!,"-." [1−5].

$%�&��"���/!!#,�"0�#1
Æ 3.0∼3.62$", "3���* $.$"4��
)�*Æ#�,$%%��*�%&' &'5!&
', �6��((Æ�+7�*. (�#.)8�9
$����%*"#����)&�*, ++���
0����%'#�:�$:�,) &�%.

1.1 ()*+,-./0
&1�#,) $2;-<, (CCSDS)+'�

-.(3, Æ�# 2×106 km=*/)�0.�*1
$�#>+4?Æ(/�@+!, ,0A��)8,

5+$Æ#�#�A 2 × 106 km �*%�6!�)
8-0A����. 0�#*%B"1., 1,-7
����/)1�.=Æ#.!!&'.

• 28���/)Æ#�9�, CD/0*�
34/E92, 5(/�"*%0�#6�
*%1.3*�%&920 80 dB,1F$�
*1274�725!34.

• G8CD/0� 596+H, *I &�
7�'519286.::!6;.:, &
3;<�'JK��<94*,45�6,

.<�����1F6+=#�<5+.

• $�#*%���:?�77;�7<2,

G8�796=,548>=L>??, -
M:8@N<2*"�����>*)8,

?�Æ'�9<284=??.

• 8$%�#=>#�����9@�OJ,

-.$A#;:A7��%, =BC#��
��<P;�.

1.2 ()*+,-��?@
�"���0�#�A)�*Æ#D 3.6 2$

", 80$%%��*�%&, <Q=+="37E
>��%�FB?@>'.D?@�,6��, 1F
GCBA!!H�A" ,=DB���0��'#
�+7�*. �:4=G?=Æ!!H�.

• 2���%'����.D?@, =92*
�BE�C. ��%G??@D 35m =��
.D, "�G??@ 1.0m =��.D.

• +=BBB@, =DF.DR5. G? X 0
@BB, 129S. S 0@+= 11 dB; 5
EG? Ka 0@BB, 129S. X 0@+
= 12 dB.

• F=BE $TGU6, =+=BE*
� Pr/N0 C. ����BE?G?=R5=
TGI��; ��%G?DC=TGI��,

.<��%BE $ G/T CD8 50 dBi/K

=�.

• G?*%JD!!, =GCJD9S, F="
KEHC. F5, G?HCD0 RS DHI,

$VD>8 10−5 HIÆ, ?"KEH Eb/N0

L 9.6 dB F=8 2.6 dB.

• G?*WXI!!, =F=JY,) &9
>. 5G?Z0MJ!!, �6JY,)XI
>D8 1:16.

• +=��%K"37E�B>[>6K3D
6, BÆBE?$K*�HIÆ DNG0
)&30B>$�6=D9>,)�"K.

• G?,)OP>F!!, $"�7E�L�
,)OP�, LO=9�#��,), &<�
BÆ�#,)�*FR, J&<�MK=9
Æ!,) &�%� 4GK, LQ&L+
73M#,)�% &D>�-<X+.
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���*�%�&��"����H.. $,

$6!�#��)8!#-.*":�INBE$
:�,) &$�#,) &$�**(FO!)
8.

%�&����0�� $�CD12<B�
P"3���*7EA�6, LJ 14=O'%�&
����0�� $�Q ,%�&��"���$
�� $�JCÆ, *"�"�#��)8.

�� $ÆPP,��%: :�,)FO%$:
�,)BE%$VLBI *(BE%. 1K�, %�&
����0�� $'#7E0P�Q0CD/�
%: ��%8�����!:��%$���8��
%�Æ!:��%$���8��%� VLBI *(
�%. "P��%U06ECD/*�_Q12=
R, :�$:��%8-.6E,) &9`.

S 1 		

	�	��aVRKLR���ST
Fig. 1 Communication links between the ground station

and YH-1 microsatellite

$0 Phobos-Grunt ���.#'U, %�&
�����*%W,bXVT++, $0 Phobos-

Grunt���.#'S,%�&�����*%W,
�P�� VLBI ��U07� Doppler<V, b��
���� $A�6���*%�� [6]. VLBI�*
�Y%��WV, �:.<6'+ 3∼4%W2, ��
���$ZMAWD<���[X�#=E'96;

Doppler <V�7%��, �����$WD<��
�96, �P)+#<2D>���*%.

B"XYK�#��.<,) &�:\I(
�, �!IND9>$ 10 bit/s �H, VD>$ 10−5

�H; Æ!,)D9>$ 1000bit/s �H, VD>

$ 10−5 �H.

80�6��%0%�&����'#���
�*, -."37E0��%7ED8�#.!!
I(5Æ. �!:�12: ��%!7A�TB@
> (EIRP) 8 137dBm(AZC), "3BE?"K
YZ68 −140 dBm(A=.<), *% &D9>
8 7.8 bit/s, 12c�8 6 dB. Æ!:�12: "3
FB?!7A�TB@> (EIRP) 8 72 dBm(AZ
C),��%BE[N G/T C8 50 dB/K(AZC), *
% &D9> 2048bit/s, 12c� 3 dB.

3�\N]ORMN^Z]

8UV"37E\E,#%�&�������
', @55!0&[V74, $&H X 0@\�
�*12� &�!:�INKÆ!:�,),  �
:�,)0�#��,)=.Æ<VW?&�X3
0*% &, �**(0:�30Wd6&�B>,

??=[>B>W^]�**(��� VLBI ��
UFO, *"���*%��)8.

]^8%�&�����&_ZeB",3M5
+;.+H, K`45&Z"��7EYW. 5J 2

^_, "37E#.bINBE?$:�INfD
�$X 0@FB?$=9SBE.D$=9SFB
.D$=9SFB.D$Q03J-Q$=[>B>
W$*%JD�O". �P#���*. $�)8

S 2 		
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Fig. 2 Configuration of TT&C equipments on board

of YH-1 microsatellite
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5!.", a�86[_I�, #"37E_I@5
74.<5Æ.

`INBE?*"�!12�30`>0,)
"K, bYBE?G?Za 4<V�6bE[.

a:�fD�*"�!12�,)P"ÆKf
D, ]"IN�<*�'.FQÆ,), :�fD�
G?\WcbE[ 4<V.

b X 0@FB?*"Æ!12�,)K<K*
�I�, ++ VLBI �*�*(. bYFB?G?C
E[ 4<V.

c=[>B>W&'[>6D8 10−12 s−1�H
�B>(3*�, 8FB?$BE?++=[>B>
*�, #.++ VLBI �*^-*(.

d=9SFB.D?AB"#c>�KK\G
d & �:�W,,=9S.D?AB"#�9D
>�S &�#��,).

4�]^_e`RgSe

%�&�������*7E$ 10kg H�h
fHIÆ,\A��%�60�!:��%KÆ!:
��%,6'6E�#,) &�%K�>**�F
O�@5, Qde��%f6+gcE[7E. $"
37EM<P��-.$%=ÆQa!!'f, D8
^-�#.!!I(.

4.1 TUV*WXYZ[\]^_`a?@
$%�&��������*)8�, bA 3.6

2$"�*Æ#i"=D 280dB �%�*�%&,

.<INBE?6Eb=YZ6, -.*�"KY
Z6D8 −140dBm =�. bABE?E8�*�
cQK, *T.cg, 55 4$ 10 bit/s �H�b
=D>�,�!IN�,)"K1�7EM<�&�
'f.

�d�, ,) &9>j=, #K�*T.j=,

"g.<30`1(�hhjb, QbhhR1F
=`1(�)dR5; 6', bA���0�#1#
/)>��=)d Doppler Bk (L6 Hz/s 86
; Hz/s), .<30`1(6Eie�)dR5, f
l,>Æ3��1=Vg, ? BPSK �"KR5M
g. Gi, $=*T.0=)d Doppler Bk6'O
$�HIÆ, ,)"K1�.c��&'. "g.<

BE?" QK*�g�K30NG$b=D>,
)�"K!!!&'.

bAINBE?M<!!'63�, h.j
G?6k,c*�lQ!!' $Wj*�BE
!!M<0bY^[. kU, INBE?^[$
1.2 kg H�$160mm× 140mm× 49mm [CK 8 W

@i�dW-m, $30?? X 0@$D9>8
7.8125bit/s �HIÆ, $ −35 ∼ +45◦C mi�U
6ÆD830NGYZ6nA −150dBm (,c)/

−147dBm (Wj)$,)"KYZ6nA−145dBm

(,c)/−140 dBm (Wj) �Qa!!I(, 5jle
�"����!INBE�)8.<. INBE?
+!I5J 3 ^_.

4.2 TUV*WXYZfgh X ijkla?@
%�&����Æ!*�FO)8A_b X 0

@FB?*", ÆP &:�,)'�#,)$FO
�**('o"jp*(!. FB?6+ 4m 4W
V, ÆPCK<30$,) &$VLBI�**($o
"jp*(. 3.6 2$"��*Æ#2�����#
,).<FB?6+ej��Q0&'@>. $7?
H�$[C$@iqHkH�HIÆ, X 0@FB?
.D8ZeV$�@>$=4=KY@5�.<, Q
d7?b�!!BÆFB?<P 4 12 h.

kU, X 0@FB?^[!!I(D8: 7?H
� 1.5 kg$[C 160mm× 140mm× 48mm$Q0&
'@> 10W$Mm@i 68W. X 0@FB?5j
$ −40 ∼ +55◦C mi�U6Æ : 4, <P-?
'#�A 12 h. X 0@FB?+!I5J 4 ^_.

S 3 �nkllm��
Fig. 3 FM product of the receiver on board
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4.3 TUV*noYZWXYp+5qrst?@
80*"���!:�IN�fDK6!,$%

�&�����\E0:�fD�,n7E*"�!
,)P�"PfD, ^]MB:�IN�<*�, *
"1Q#B:�IN',)QÆ�.F; LINB
E?&Æ,)P$&',)83M,o4m?KB
A/u4m?, BEL3M,o$BA/u4m?F
p�#BINn^]1QIN�<*�.

$7?H�$[C$@iqHkH�HIÆ, 8
0�6�n@5.<,:�INfD�1F�6Ze
V$=@i$=4=$Y@5, GC1QH�5Æ.

`G?=q"6�6o4J�vo (FPGA) �
�YW/2!!, p�!,)"P$INfD$IN
�<7;*�^]$,) &B?!@5, A_?7

S 4 X qr�olm��
Fig. 4 FM product of the transmitter on board

S 5 ��rp�m��
Fig. 5 FM product of the command-detector on board

q FPGA �6, ��XI0:�INfD�/2s
YW, D80�"���??.<.

a:�INfD�$6&c/2s��6\g
c@5Wc, bpfD�/2lAbE[ 4Gd,

4=1rs�,  4r3, ��+=0:�INfD
�� 44=R.

kU, :�INfD�^[!!I(D8: 7?
H� 1.0 kg, [C 230mm× 230mm× 20mm, Mm@
i 6W, 6E6! 45 HINKQÆ,)�5+. :
�INfD�+!I5J 5 ^_.

5�ts

%�&�������* $�740��,1
+=��$����$�*0>*K,) &� 
���5+,8uStr=#-7�"!!"���
�� 4u>0ie�!!:v.
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