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ABSTRACT

SpaceWire aims at becoming a candidate data-handling network for use onboard
spacecraft, which could bring modularity and scalability to future onboard data
processing systems. The use of routers brings several advantages as flexibility and
scalability while the number and length of links can be decreased. However, the
routers introduce constraints and limits in term of overall data throughput and latency.
The increase of the link speed can push back the limits but do not solve the issue.
Several other ways for improvement need to be explored: new router arbitration
schemes, new multiplexer devices, implementation of dedicated communication
protocols, the development of a methodology and associated tools for network
analysis are possible ways for improving the scope of possible future usage of
SpaceWire networks onboard spacecrafts.

1 SPACEWIRE EXPERIENCE

Astrium gain a strong experience on SpaceWire by leading several R&D studies and
by contributing to the development of the main relevant building blocks for future
space systems.

A SpaceWire codec IP core [1] has been developed and connected to Leon2 and
Leon3 IP cores. It has been used in many studies making possible the identification of
improvements. These improvements are presently under development and the new
version of the IP core will be integrated in the SCOC3 system.

A3M [2] used point-to-point communication between three Leon
based computers to implement and validate a safe and reliable
distribution system. As an additional result, A3M has shown that
SpaceWire disconnection detection can be used to implement fast
failure detectors.

GAMMA [3] used a SpaceWire network including an eight ports
router to implement and validate a distributed mass memory
architecture in which several multi-threaded Leon based users can
simultaneously access one or several mass memory modules.
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These studies and developments have made possible a fine characterization of the
SpaceWire and make possible the confirmation of SpaceWire advantages and
drawbacks.

2 IDENTIFICATION ADVANTAGES AND DRAWBACKS

The advantages and drawbacks of the SpaceWire can be easily identified in the ECSS
standard [5] and are clearly confirmed by test. The advantages that are, among others,
a great simplicity, the ease to use, a high data rate and a low consumption are not
detailed in this short paper that prefers to focus on drawbacks in order to request or
propose ways for improvement.

From mechanical point of view, with a maximum of 80 grams per meter, the
SpaceWire links can be considered as heavy. This is weight can become an important
problem when the SpaceWire is used in a point-to-point configuration. The use of
routers can help to reduce the number and the length of the links. However, the
routers themselves should be redounded.

The use of routers brings other numerous advantages as a great flexibility and
scalability to the SpaceWire networks. However, the routers introduce constraints and
limits in term of overall data throughput and latency. The overall data throughput of
the system is reduced as soon as one of a device is not working at the maximum
speed. A latency is introduced by each crossed router. The value of this latency
mainly depends on the number and the size of all the messages that are transferred to
a same output port. The phenomenon is amplified by the wormhole routing when
several routers are crossed. If the worst case of data throughput and latencies can be
easily determined, it can also be very restrictive at the time of the definition of a
system. The increase of the link speed, the restriction of the size of messages
exchanged and the use of the group adaptive routing can push back the limits but do
not solve the issue.

Of course, these problems are not specific to SpaceWire and exist in other packet
switched networks as Ethernet and explain, at least partly, why Ethernet is not used in
real-time space systems.
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3  POSSIBLE WAYS FOR IMPROVEMENT

3.1 DEVICES

The implementation of the arbitration policy in SpaceWire routers is generally limited
to round-robin. The implementation of new arbitration policies (e.g. priority based),
should make possible to extend the use of the SpaceWire networks to command and
control. The implementation of configurable traffic controller in routers is another that
could be considered.

The SpaceWire standard defines the broadcast and multicast distributions. However,
no existing SpaceWire device presently implements one of these distribution
mechanisms. When managed at the lowest level, these two distribution modes can be
very useful to implement safe and distributed systems.

Multiplexer and high data rate devices should make possible the decrease of the
overall latency while optimizing the data throughput by the supporting the
concentration of the data traffic generated by the slowest units in the system. In
addition, the number of links required to establish the connections would decrease.

3.2 PROTOCOLS AND STANDARD

New protocols are required to ensure the time constraints of applications. This
approach has been followed with success on the Ethernet standard and is at the origin
of AFDX [6] used on civil and military aircrafts as the Airbus A380 and A400M.
Several time-triggered protocols could be envisaged as TTP [7], FlexRay [8] and even
isochronous or asynchronous protocols as the one studied within the A3M activities.

The definition of new protocols that match the specific constraints of the space
application must de defined. These protocols must comply with the low-level layers of
the space communication networks as SpaceWire and take into account the needs of
space applications. Of course, these protocols must also be compliant with the
CCSDS SOIS standards.

3.3 TooLs

The support tools must ease the definition, analysis and validation of system based on
SpaceWire networks by taking into account the characteristics of all its components.
Such tools exist for other standard networks (e.g. OpNet) and could be configured to
SpaceWire. The possibility to mix simulation and connection of real hardware will be
an asset.

4  CONCLUSION

The SpaceWire standard must remain as simple and efficient as possible. It must serve
as the basis for the development of new devices, high-level protocols and support
tools. The new devices and protocols should ensure the time constraints of critical
applications and minimize the latency of the messages they exchange. The support
tools must ease the definition and validation of system based on SpaceWire networks
by taking into account the characteristics of all its components.
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ABSTRACT

A very important task in developing SpaceWire interconnections is the development of the
simplex mode. Reducing number of lines is a good solution for working with devices, which are
not designed for working in full duplex. The simplex mode also reducing the number of lines,
thus reducing square and weight, which is very useful on board of spacecraft. For example,
simplex mode can be used working with video camera, the block will only receive information
from camera. Simplex mode can be also used for control the block, for example moving source
of light etc. All data will be transmitted using one Tx/Rx pair instead of two, thus decreasing the
cost of the cable.

The SpaceWire controller can work in two possible directions of the simplex mode —
transmitting and receiving. Transmitting part sends symbols due to standards and from time to
time use the special mode of reconnection. The receiving part establishes connection and detects
errors. The FCT symbols are not sending, so the receiving part is always ready to receive the
symbol of data.

Due to changing the number of lines, however, several parts of the standard SpaceWire were
changed. Sending FCT symbols for reserving eight words of buffer were not possible, so the
credit system was not used. The problem of connection is very sufficient, transmitting part
doesn’t know if connection is established. If an error occurred during transmission, the receiver
part was sent to reset state and after reset it had to establish connection again, whereas the
connection had to be established on speed 10 MHz. These problems are solved in our SpaceWire
controller.

13



Simplex mode is designed for one-side transmission or receiving data. This mode let us
minimize the number of transmitting or receiving cable, reduce the number of gates of the block,
thus reducing the weight of the whole block. The block with simplex mode included, give us the
number of advantages, though there are some problems to solve, such as establishing the
connection, because in normal block connection is established using two directions. The
crediting system can’t be used as it is in SpaceWire specification.

Our modification allows to use the simplex mode. Considerable changes in the standart
SpaceWire were not made. Just one part of the standart Spacewire is modified — state machine.
The new state machine will help us to use the simplex mode depending on signals designed for
simplex mode. Using only two new signals — tx_simplex enabled and rx_simplex enabled will
allow us to turn this mode on. If this two signals will not be set to active level — state machine
will work as an ordinary state machine of the SpaceWire standart. On figure 1 our new state
machine is listed.
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Figure 1. Modified state machine

All modifications of this state machine are made after state “Started”. Also signal Link Enabled
will be formed a little bit different from original state machine.

As we mentioned before — there are two types of the simplex mode — transmitting simplex mode
and receiving simplex mode. Let us examine the behavior of the state machine in two types of
simplex mode.

Receiving simplex mode is enabled by setting the active level of signal on line
rx_simplex enabled. In this mode the block will only receive data and/or time codes. Firstly
state Machine will be in ErrorReset State. After 6.4 microseconds the block will go to ErrorWait
state. After 12,8 microseconds it will be in Ready state. Link Enabled simplex in the receiving
simplex mode is set only if the Null symbol is received and the AutoStart signal is in active
level. The LinkStart signal is not used in receiving simplex mode. Thus, after the receiving of the
NULL symbol the state machine will go to the state Started and then to Connecting. There is no
sense waiting the FCT symbol in this state, because no data will be sent. So, after the block goes
to Connecting state it goes to the Run state. In this state the block will be until the signal Link
Disabled is set, or any other error occurred, like in the original state machine. In conclusion I can
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say that state machine of the receiving simplex mode is simple — after the Null symbol is
received and Autostart is set — it goes directly to Run state.

Transmitting simplex mode is enabled by setting the active level of signal on line
tx_simlex enabled. Firstly state Machine will be in ErrorReset State. No errors can be occurred
in this mode. The only way to go to ErrorReset state is setting the Reset signal or Link Disable
signal in Run State. After 6.4 microseconds the block will go to ErrorWait state. After 12,8
microseconds it will be in Ready state. The block will be in this state until the signal Link Start is
set to active level. In the transmitting simplex mode AutoStart signal is not used. After the signal
Link Enabled is set to active level — state machine go to Started state. The state machine goes to
Connecting state at once, because there is no receiving channel. State machine will stay in this
state for a sufficient time (K*12,8 microseconds). This time can be set by a designer, the only
condition is that a NULL symbol must be sent on frequency 10 MHz. Such time-consuming state
is made because the receiving must detect the first NULL. This state also will be used for
reconnecting, which will be described further. After K*12,8 microseconds the state machine
goes to Run state. In this sate the transmitter can send data and time codes. FCT codes are not
sent. In this state the block stays for N*12,8 microseconds. After this time state machine goes to
Connecting State and the transmitter begin to send only NULL symbols on the frequency 10
MHz. This period is called the period of reconnecting and is made for the receiving block. If an
error occurred in the receiving block — the receiving block will go to the ErrorReset state. After
some time it will go to the Ready State and will start the Connection only if the transmitting
block will send the NULL symbol. The transmitting part doesn’t know the situation in the
receiving part. That’s why such periods of reconnection are made. If an error occurred, the
connection can be established again. Maximum time of reconnection period is 12,8*N+12,8*K
microseconds.

In conclusion we can say that if the simplex mode enabled the state machine of the receiving part
can be in the Run state till doomsday (if no errors occurred), whereas the state machine of the
transmitting part will be changing its state, moving from Connecting to Run and from Run to
Connection.

The FCT signal is not used at all, that’s why on the receiving part the big-sized buffer have to be
used, or the reading speed from the buffer must be higher than the writing speed from the
receiving part.

Siplex mode can be used as the mode of the block, or the can be the block, using just one
channel, receiving or transmitting. If the block will use only one channel, the size of block will
be reduced significantly, because the other channel will not be even sinthesized. The use of
simplex mode will reduce the power consumption of the block, also because the second channel
will not be working.

The maximum traffic capacity of the SpaceWire channel is 320 Mbit per second on the
frequency 400 Mhz. This traffic capacity can be achieved in half-duplex mode (when one
channel is sending data symbols only and the other — FCT, Time and Null symbols). In full
duplex mode traffic capacity is reduced to 305 because of the FCT symbols in each channel.
Because of the period of reconnection the traffic capacity is lower in simplex mode than in half
duplex mode. On Figure 2 the traffic capacity of the channel in simplex mode (we are using N=8
and K=1).
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Figure 3 Traffic capacity in simplex mode (frequency 400 MHz).

The block in state Run is sending Data for a period 102,4 microseconds, and is sending Null
symbols for 12,8 microseconds. As we can see from practical value — the traffic capacity is not
going instantly to 0, the transmitter is sending some data, left in transmitting buffer, and after this
it falls to zero. But the frequency is not 10 MHz, the PLL also can’t set 10 MHz in a moment,
frequency goes down smoothly. When State machine of the transmitting part goes to state Run —
traffic capacity also don’t go to maximum because of the PLL. Let us look through average
statistical value of different modes of transmitting Data. The traffic capacity in simplex mode is
significantly lower then in other modes because of the period of reconnection (figure 3).

Mbit/s

@ Duplex m Half Duplex O Simplex

Figure 3. Traffic capacity of the block in different modes
The more is the period of sending data in simplex node and the less is the period of the
reconnection — the higher is the traffic capacity, but that will increase the number of data lost if
an error occurs. Because of this — parameters N and K must be set due to situation.
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