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Abstract Impulse Radio Ultra-Wide Band (IR-UWB) is one of the promising techniques in the

future aerospace application because of its distinguishing features of low power, high capacity, anti-

multipath and simple structure. Design of a spacecraft high speed data network based on IR-UWB is

presented. Design of the IR-UWB transceiver, the wireless communication protocol and the hardware

and software of the nodes are described in detail. The transmitter is based on the physical mechanism

of fast recovery of the Step Recovery Diodes (SRD), and the receiver is based on the tunnel diode

circuit for impulse amplitude detection. Design of the communication protocol refers to the American

military data bus standard MIL-STD-1553B protocol, which is a time division command/response

multiplex data bus. The design is tested and verified by the FPGA. The test results indicate the

system design is reasonable.
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Fig. 1 Wireless spacecraft high speed data network based on IR-UWB
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Fig. 3 Time domain waveform of monopulse (a) and frequency spectrum of monopulse (b)
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Fig. 5 Protocol hierarchy of the wireless network
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L 1 MIL-STD-1553B > HS1553B MN
Table 1 Comparison between the HS1553B and MIL-STD-1553B protocol

MIL-STD-1553B HS1553B

WL� X]� UWB ��

R��M XSY�R� XSY�R�

���� 1Mbit·s−1 5∼50Mbit·s−1, ��

WL��� 2Mbit·s−1 10∼100Mbit·s−1, ��

��NY 1 X BC, 1 X MT, 31 X RT 1 X BC, 1 X MT, 31 X RT(���)

�Z��[ 16 [ 32 [

\]T� � 32 X 16 [O � 1024 X 32 [O
OZR [�O���O�P^O [�O���O�P^O
_S� 1 [OP_S, U�\ 7 [ ECC _S, \���

QT AB ��QT AB ��QT
R^��Q� RV RV
���� BC2RT(S), RT2BC, RT2RT(S), YW, �M[� BC2RT(S), RT2BC, RT2RT(S), YW, X��M[�

��]M YXN YXN


��� 4∼12µs ����

HS1553B��.- IPÆ [13] '935$.�I
��4 6 50, �+ AXI H'"AU�_2�/$�
C5$.�BC $.�RT $.�RAM SZ$.�<
3 RAM��M2T$.�MV�$.�YV�$.�
91�$.", ""#,�C$� CPU ""�%T
P ��%". ''��+;�3�#$7AU, �
+'`�92>AU �OI PCI  ��ISA  �
". 92>�� AXI  �TP_2�$.���<
3 RAM, =� HS1553 .- IP Æ�[SB�C5
���\'. BC � RT $.)��3�_2��
�� RAM ��=���-/35. �M2T$.
=� A, B �M2T�35, ��-/.#��A.
C5�#Ia;�"-/ ��C$.MV�T`=
� 32V��V� ECCMV, G� ECCMVO� 39

V- ��MV"� �^]F$V, UO�^]F
$V3"> 7;FI�8+�".YV�T`�>
 7FI�8+�"3"^]F$V, G�� �^
]F$VUV" 39 V- ��, UO< ECC U
Q, -�UQQZ#I$&7$.. MV�=8+�
"H7�B[�4 7 50.

'9� HS1553B .- IP Æ<��6$*.

(1)DOMIL-STD-1553B �[\/@' 32V
��� HS1553B .-, 78 WBC � WRT 35.

(2) ''8� (WBC '# WRT) //4�3.

(3) �� RAM < ECC UQ, *- “Z�S
G” �V�35.

(4)''!WRT $�1,78OQK#PQU�
.%V-/!^VP�S'_WW35.

(5) !*7=��SH7*2]B, ;�^[M
YV�$.�"#���> 7.

(6) 784,��53+.#>, ;"#4*�
�%,, X�78 100Mbit·s−1.

(7) "'"#4*%,, .-;�3_2�-
/ WBC � WRT �"_�E#17.

(8)#2> 7�Æ>$3,����%$ ECC

UQ��, !A.?< ECC UQ, *- “Z�S
G” �V�56.

(9) #2> 7�W9��$3, ���"#!
���!�$% 256 V�_V, $(�9�K@�
�, �b #$7�����aV,.

(10) "G`�I 0�"1�M`17" 0, ��
���"^]F$MV,UO2^]F$MV< `
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aV'3, �"# IR-UWB .#��> 7$3.
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I 0�"1�M`17" 0, �����"^]F$
MV; %$ AB bZY�M, K�+�M/�1, [
[Be�+�M%�.

HS1553B ��.- IP Æ%$9b&6�'9
8Q, C$ Verilog ,4'9Z[< MN, ��'
$.c[QU�\��c[QU� FPGA QU, Q
UQZPJd)'9K].

2.3 \]?@^=D
?*#!*�8�1�.\,!*��35#�

�?**2.'*-�.?*)�35�" � �
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4 8 $/:AB7� 1553B  ���� 1553B

 �&���� �,435''9 , %1#�%
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.#��%+,c!H. 92>$.C$�]\"
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� EMI AU. 92>/4=��� 1553B  �!*
=�% ���!*H7���\2.

9 6 HS1553B ���� IP e�_]gf�
Fig. 6 Functional structure of the HS1553B IP core

9 7 Rg�`^����	�
Fig. 7 Signal formatting between codec signals and baseband signals
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9 8 h�f 1553B ���
����_BL
Fig. 8 Hardware design of the nodes in the 1553B bus

OI 1553B  �AU!H'9��, /.-]
\�.#��3?�1�. HS1553B .-AU��
%$ FPGA *-, ;�� HS1553B .- IP Æ�
/+ 1553B .- IP Æ [14] "*:TX �B�
\ FPGA ), CPU %VUV�TX!H1;�P
B FPGA ), abUV�� �<I�"\�4,H
7  b ?*�=(�&�3/,P(?*�c/
"B. E FPGA %$�$( PCI  �:ABf
] LS1E &, PCI  �� DMA (Direct Memory Ac-

cess,_A�222) \';�*- CPU2,'��
%T2. PCI 35;�%$ FPGA ��� PCI Æ*
-, FPGA ! PCI  �&'"H'".

UWB .#����;�G�OIB)d, 2.
-]\ÆcOI�,4AU, !� SMA Ad, *-
'"�VbV$.

4 8 50"�% �!*)X6.�?*35
1�, 356.�?*!4 8 84&< hZV;.

3�ge_`

"'$� UWB ( !���6�#$�#
i, ����35QU*Q*+!�+ 18 cm×
16 cm×7 cm �Mci/$�>;�< .

HS1553 ��.- IP Æ%$9b&6�'98
Q, C$ Verilog ,4'9Z[< MN, ��'$
.c[QU�]\��c[QU� FPGA QU. d
:� FPGA QU�e�4 9 50, %/ XILINX

� ML402 E#e�IR-UWB .#>� PC >1�,

9 9 �������Saf
Fig. 9 FPGA verification platform

/ FPGA=�'9�*Q, -�*QQZ�/B PC

>< H0.

3.1 IR-UWB 856AbcdB
HS1553��.-�;A` #:B!;A�>

 7'984&�, T`2 IR-UWB .#>�aV
,< $�.

$�8Q# FPGA & IR-UWB #I>#I
�@���4,+�, -2A.>A.B�4,<
 %:9�, A.QgO�4,9�QZ#I$&
V>H0, H7;�92aV, /. $�%,"
1∼100Mbit·s−1 H7�,"e, �+ 100, 90, 80, 70,

60, 50, 40, 32, 25, 20, 16, 10, 8, 4, 2, 1Mbit·s−1.

4 10 50" 100Mbit·s−1 %,�aV,*Q
1, �� ChipScope % � FPGA �j����"
<;. H4 10 );�j/!/+4,�a1OA.
�"% B4,.
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9 10 100Mbit·s−1 ���
�hh��AE
Fig. 10 Signals captured during the BER test

9 11 IR-UWB ���f��fk��lI�
Fig. 11 Power consumption curve of the IR-UWB

with transmission speed

#I4,)(%," FPGA 1@ PLL $.�
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*%,$�0i 232 +4,. 1∼100Mbit·s−1 �,
"��%,�$�*Q), FPGA @54j9�, b
* IR-UWB .#>!K�$�*+6, aV,O'
 , /( 10−9.

3.2 IR-UWB 856fgdB
!aV,$�*Q), 2 IR-UWB .#>�(

!!Q< mk, iB�3/k��4 11 50, (
!!?" +5V. H4 11 );�j/, Æh��%,
�$%, IR-UWB .#>3/�3$%.

3.3 ijbCD
!< HS1553B .-7'9H�, 0+`2M

YV�$.�35< $�. ! IR-UWB .#>a
V,$�*Q), #I�#:X4,; !MYV*

Q)%$ HS1553B MYV$., ��^]F$M
VO�:X��. MV�/�%," 100Mbit·s−1,

YV�C$�%:1@Æ," 300MHz, *Q)�
� FPGA�% <;#-?LlI����1, � 5

+���54jYV, "#b"�M+���k:,

-,k:���3=C#I��3=-, �4 12 5
0. 1# 5 +��HO�:X��@;�4jUV.

"*-g�)(#/( IR-UWB A.>0+�j&
:17<6K@''<D. Y=gQ#!MV��
/�k�+���%&�j`_V, $(���9�
K@. N*QQUO, `_V`=%$' 256+4,,

!TX&*(*-.

k�+MV��%$`_V, N*QQU,

FPGA �%:1@Æ,b" 200MHz, UV1;�
4j< , UV��a, ( 10−9.

3.4 HS1553B ;<flDECD
35QU*Q� FPGA '9�+ 1+*Q-/

<D>�2 + HS1553B IP Æ (�+[SB" WBC,

e�+[SB" WRT)��M2T$.� UART �
�$.. /(E��e UWB .#>, 7 1553B .
-�m#1�6$�, b*�WBC =WRT $.�
�/< �16$, !� WBC #I1 WRT A.,

WRT #I1 WBC A.. QU*Q�+ IP Æ78
�n�S'%": BC2RT, RT2BC, RT2RT, /h, �
�8�"#. *QC$� IR-UWB .#>> 7%
," 100Mbit·s−1, /(%$^]F$MV, ���
�%," 50Mbit·s−1.
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9 12 IR-UWB ���Rg��Shh��AE
Fig. 12 Signals captured as the en-decoder test beginning

9 13 im� WRT-to-WBC ZR\]
Fig. 13 WRT-to-WBC signals captured during the HS1553B test

QU*Q�QN�6: FPGA &!�3QgO,

<D>"_ PC &V>���U& FPGA #I"
#, 4.B"# 5A, <D>ES[SB�3 WBC

� WRT �_2�, oa RAM D-&#I RAM D
c��, UOlI WBC ES*Q, WBC � WRT

�*Q�N)���2!B RAM D; ��*QQg
O,<D>OLl2WBC�WRT� RAMD,�l
B��=#I�e< 2C,UO�2CQZ���
U! PC>&jd; C-QgO, l2WBC�WRT

���<DK0, -���Ujd/C.

QU*Q�N)�� Xilinx � Chipscope /4
Fn FPGA���", �4 1350, Fn�TWRT

#I&�"#!�8�"#. T` WBC C5MV
�#I"#!, ! IR-UWB .#>�#I�j�A
.�j;�FnB�",#I�j�A.�j��@
���1a,e,MV$.'91!"#!�<D!
�ES$%' 256 bit ��_V, $(K@��9�
�, b #$7���aV,. WRT A.B"#!

-YV4jO, Yh"#!-G/E#, n6�+<
D!��+��!, H4 13 ) BC A.���;�
j/<D!" 0, PJ*L��4'; ��!" RT

�&�"#! 0xf87ff800. ��QgO, ;�jB BC

)Vl B��<D. iU"#!�<D!���
_V!�L����)o�@Ej, 1K�L���
��(- , !�" 1024+��!1, �_V�Ej
$o 1.18%,"2(+3;A3���%����#
;�A=�.

<D>)'3.L*Qe* 256L,?+e*�
+ 9213+��!,?+��!" 39V +3+�9V,

*Q$�#$7�����aV, ( 10−9. *Q
QZPJ'8( IR-UWB ����%��!*��
���; 3�;A3.

4�om

 �!*( �87#$8H#K�8Hp*
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H�. �k#/�*8( IR-UWB ����% 
���!*'980, $(([7�)���!�
/ LVDS ��. =-'9:�� ��%��!*
�:;( , �+ IR-UWB .#>�UWB ��.-
�?*/,4�'9,9:'%)f0��-< !
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