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1. Introduction

ESA initiated the development of the SpW Remote Tern@uaattroller (SpW-RTC) ASIC within
a global strategy context based on the following driving aspect
1) Ensure ESA payload program development with a set of AS@#Pable of answering most
of the On-Board computing and control needs for the futureddeca
2) Adopt new ASIC developments to ESA ASSP strategy to redegelopment time and
recurring cost.
3) Ensure SpW nodes developed by ESA (i.e. component, module, tclttoebe easily
integrated in ESA On-Board Distributed Computing and Cotystem.
Hence, the aobjective of this paper is threefold:
& To demonstrate that SpW-RTC development is fully inviite ESA strategy
& To demonstrate that the SpW-RTC design has functionalitasfulfils a great number of
on-board needs.
& To announce the last phase of its development as the SpWiRkTQrrently in its
manufacturing and validation phase.
Thus, this paper summarises ESA strategy for the SpW-&vElopment and it presents the
resulting description of the ASIC. Focus on its multi-fimttaspects, low power and high
performance capability is provided by presenting a set oficapipihs and related architectures
where the SpW-RTC is well suited. For the conclusion, E&SPs development strategy is
assessed for the SpW-RTC case and related methodologthdoEpW-RTC validation is
presented.

2. SpW-RTC and ESA strategy for On-Board ASSPs

For the development of the SpW-RTC, ESA initiative canumarsarised as follows:

1) Review and synthesis of power computation and communication eewgrits extracted
from a large survey of applications ranging from housekeepirgatafuisition to on-board
processing. In addition to this, requirements inherenieéaccomponent’s ability to monitor
without loss of key functionalities were added. The residesd to the SpW-RTC
specification.

2) The SpW-RTC design took advantage of number of ESA techtoadlopments such as:
pre-validated IP cores (i.e. LEON2-FT SPARC V8 corpWsScodec, CAN core), pre-
validated rad-tolerant technology developed for the AT697.eAtwill manufacture the
ASIC in ATC18RHA technology.

3) ESA s leading and funding SpW-RTC development suites (basdtkdRTC-SpW FPGA
board developed by Gaisler Research) which encompass:

& SpW-RTC Development suite (H/W and S/W) [RD3], [RD6]
& SW tools mainly based on SpaceWire device driver for thesteetrerminal controller
[RDA4]
The RTC-FPGA development kit is already integrated ariiflatad at system level through
TOPNET initiative and related EGSEwith results demonstrated in this conference [RD7].
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3. SpW-RTC Description

The SpW-RTC is a single chip embedded system, its aothie [RD1, RD2], is presented in
figure 1 and provides the mixed capability to effectively qrenf data handling at platform level
and powerful data processing at payload level.

Indeed it is judiciously based on:
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purpose input and output). It can provid&igure 1: Functional block diagram of the SoW-RTC
up to 96 1I/O lines as general purpose
signals depending on its application.

The SpW-RTC ASIC is entering the manufacturing stage a3302007 and ESA is expecting
flight prototype by the end of the year.

4. SpW-RTC and On-Board Computing Architecture
The SpW-RTC is a versatile high performance processanlyndesigned for modular, reliable

and fault-tolerant signal processing and on-board monitodapglications.

Hence it is

simultaneously maximising both communication aspects andegsivgy power. It offers
numerous configuration options considering its resources.d-RBillustrates some of its possible
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Figure 2:SpW SpW-RTC in adistributed architecture.
platform demands as well. This list of examples isexbiaustive, but still instructive in
terms of the SpW-RTCs capabilities, as other application&l be derived from these
basic examples presented in this paper.
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applications within an On-
Board Computing System.
Following sections are
detailing some of these
examples showing that the
SpW-RTC usage is not
limited only to payload
needs as it was intended in
a first perspective but can
also be extended to
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4.1

SpW-RTC usage in On-Board Computing & Control Modules

4.1.1 Instrument Control Module

Instrument control needs to feature electronics for ngt emsor control and monitoring but also
data acquisition as well. The SpW-RTC is then the keypowrant for such applications. Figure 3
illustrates how the SpW-RTC can be used as a part afistreiment control unit. High transfer
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Figure 3: SpW-RTC embedded asa part of the ICU.

4.1.2 Solid State Mass Memory Controller (SSMMC)

rates can be obtained due to
the DMA capability between
the SpaceWire interface and
the FIFO interface.

One could envisage the
LEON2 being used for TM
packet generation which is
buffered in SRAM and
ultimately stored as files in
the SSMM unit. The ICU
can command and control
the other instrument through
the CAN bus

Future ESA missions require significantly increased fonelity and performance for the SSMM.
Main requirements can be summarised as:

To be able to handle a significant number of high speed IBp\&imultaneously
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Figure 4:SpW-RTC embedded asa part of the SSMM

To be adaptable and configurable to different missions.
To be able to support both payload and platform needs.

To provide standard PU&nd SOIS services at the application level for all types of ragm
access and control.

To be able to implement SW file management services

To easily upgrade capacity with memory chip technology improvement
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As represented in Figure the

SpW-RTC associated with a
SpW_10X router [RD5] can be a
part of the core elements the
SSMM controller. As indicated
in the illustration on the left, the
SpW-RTC might act as a
protocol handler / file manage-
ment device towards the
memory controller sub system.



4.1.3 Payload Processing Module

Figure 5 illustrates the SpW SpW-RTC being used in a digitalule as a part of the payload
processor module. General purpose I/O is used for disiggtalling and its UARTSs are utilized
to establish serial links with peripheral units. In trasticular example, the SpW-RTC can largely
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Figure 5:SpW-RTC embedded as a part of the PPM

4.1.4 Attitude, Control Electronics Module
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Figure 6: Attitude, Contral Electronics Module

4.1.5 Instrument Support Unit

inputs

reduce its power consumption by
reducing the system clock or the external
clock SpW clock speed. The SpW codec
allows for a receiving bit rate 7 times

faster than the frequency of the SpW
clock. The PLL used for SpW codec
supports multiplication with factor 2 or

3. Selecting a 30 MHz SpW clock, still

allows for reception of 200Mbps, while

transmit rate is 60Mbps.

Figure 6 suggests how the SpW-RTC
could be implemented in an attitude,
control electronics module. Using the
devices standard interfaces in conjunction
with parallel interfaces offered by the
GPIO, most applications can be
accommodated for. Although the CAN
bus in most cases is sufficient for
command and control as well as data
transfer, the SpaceWire links offers the
added capability to remotely upload
software using RMAP.

Monitoring of housekeeping parameters, both analog and digitatypical application areas
where the SpaceWire SpW-RTC is well suited. Referrirfgtoe 7 the SpW-RTC is used as a
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Figure 7: Instrument Support Unit general block
diagram.

separate analog acquisition board within
the instrument  support  module.
Measurements from temperature sensors,
voltage and current sensors are typical
HK parameters that will be accessible
through the CAN bus or the SpaceWire
links. The ICU may command and control
the other instruments through the CAN
bus.



5. Conclusion

Overall, the modular architecture concept promoted by ESAased on SpW interfaces and the
development strategy adopted by ESA proved to be beneficdaiudly applicable for the SpwW-
RTC development. Beside very specific applications driverhilgih data rates, the SpW-RTC
design complies with very challenging On-Board computing anttal needs.

ESA methodology for ASSPs validation is based on a setlefted alpha customers that will test
the device in different context applications. For the SpVWCREse, a community of scientific
instrument designers related to ESA Bepi-Colombo missisrabquired the FPGA version of the
SpW-RTC development kit and related tools. This has beenwitiméhe support of ESA to help
these users for the implementation of their applicatiotis the advantage of:

& Rapid prototyping

& Physically implementation of the algorithms, that concduidea rapid execution of tasks

& Combine the tools of both hardware and software making tiegration and validation

phases easier and significant reduction in time-to-tesirdegration

The goal of the community is to assess the SpW-RTC devicemasion back-end candidate for
most of Bepi-Colombo instruments. The benefit and the retunnfafmation of this community
will pave the road of the SpW-RTC usage not only for Bepd@blo mission but to the following
ESA programs XEUS, Cosmic Microwave Background Poladratlapper (CMPM), to name a
few of them.

Some of the most generic architectures using the SpW-RTCeadémi On-Board computing
system have been presented. The goal of this survey waartmarize the ideas that emerge
during its development as validation applications. The idgm@llel and pipelined architectures
based on multiple SpW-RTC devices also emerged to sobldepns that require higher level of
computation. The related set will be forming fast proassiw implementation of different tasks
in payload processing. This type of architecture will neetle assessed and can constitute the
basis of further work
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