
Testing and validation of SpaceWire  

control and data links of RC64 
Test and Verification session 

 

Ran Ginosar, Peleg Aviely, Roy Nesher, Zeev Meister, Tsvika Israeli, and Dror Reznik 

Ramon Chips Ltd.  

Yokneam, Israel 

ran@ramon-chips.com  

 

 
Abstract— The RC64 processor includes six SpaceWire 

interfaces. Two interfaces support SpaceWire Remote Memory 

Access Protocol (RMAP) for program load, control, and monitor. 

Four interfaces are software defined, requiring software for 

direct memory access (DMA) configuration and protocol 

handling. The verification and test procedures of the SpaceWire 

interfaces of RC64 are demonstrated in this report. 

Index Terms— SpaceWire, SpaceFibre, VPX, RC64, GR712RC 

I. INTRODUCTION 

RC64 contains 64 digital signal processing (DSP) cores, 

4MB shared on-chip memory, an interface to double data rate 

(DDR2/3) external memory, and 12 SpaceFibre high speed 

serial links. It also contains two SpaceWire links for RMAP-

based control and four SpaceWire links for data. The control 

links enable external RMAP access to the entire memory and 

register address space in RC64. They are designed for booting 

RC64, for storing code and data in it, for reading status and 

fault detection, isolation, and recovery (FDIR) data, and for 

controlling RC64 recovery from faults. RC64 may be 

controlled by an external high-reliability processor such as the 

GR712RC dual-core LEON3FT processor, or by another 

RC64. In fact, the two symmetrical SpaceWire control links 

enable a two-way ring of RC64 chips that may or may not 

include one or more control processors such as GR712RC. The 

data links do not offer RMAP and may be used to connect to 

instruments, or to interconnect multiple RC64 processors in a 

medium data rate network. We describe how all these 

capabilities are tested and validated, and how they enable 

testing and validation of other functions of RC64.  

II. TEST-BED 

The test-bed, described in Fig. 1, includes two high-

performance VPX64 processor boards in a 3U VPX chassis. 

Each board, described in Fig. 2 and pictured in Fig. 3, includes 

a single RC64 processor with its periphery. The LEON3 

system controller, pictured in Fig. 4, connects through a 

SpaceWire link to the front panel interface of each VPX64 

board. 

3U VPX Chassis

VPX64 VPX64

SpW
Backplane SpaceWire Host x 1

PC
SW Development Environment

USB3 to SpW
(Brick)

SpFi

USB3 to SpFi
(StarFire)

SpW

SpFiBackplane SpaceFibre x 6

Backplane SpaceWire Data x 2

Ethernet to JTAG
Debug IF

Power

Reset

GR-MCC-C
(LEON3)

Board

GRMON Debuger 
IF

SpaceWire

Power

Reset

JTAG

SpaceWire

 

Fig. 1.  Test-bed design 
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Fig. 2.  VPX64 board architecture 

 

Fig. 3.  VPX64 board 

 

The VPX64 board includes these features: 

 3U VPX standard board  

 200MHz RC64 processor, 64 DSPs, 4Mbyte shared 

memory 

 8GB non-volatile flash memory  

 2GByte 666MHz DDR3 SDRAM  

 Four SpaceWire links, each with 200Mbps speed per 

direction for data communication 

 Two SpaceWire links, each with 100Mbps speed per 

direction for host control through RMAP protocol 

 Twelve SpaceFibre links, each with up to 6Gbps 

speed per direction with an aggregate bandwidth of 

up to 120 Gbps 

 Optional interface to two digital-to-analog 

converters (DAC) or two analog-to-digital 

converters (ADC) for communication or radar 

purposes  

 JTAG debugger bus interface for debugger control  

 Optional interface with LEON3 host or PC host 

through a SpaceWire connector 

 Optional interface with PC through a SpaceFibre 

connector 

The VPX chassis includes these features: 

 3U VPX backplane, providing reset, power and 

inter-board connection of SpaceWire and SpaceFibre 

interfaces 

 Backplane support for JTAG and reset per board 

 

Fig. 4.  LEON3 GR-MCC-C 



 Current and voltage meter display 

 Air temperature sense and display 

 Fan speed control and configuration 

 SpaceFibre ring topology providing six links 

between each adjacent pair of boards (including 

between the last board and the first board for a full 

circle) at up to 6.25Gbps full duplex 

 SpaceWire data ring topology providing two links 

between every adjacent pair of boards at up to 

200Mbps full duplex 

 Ring topology supporting a SpaceWire host link 

between every adjacent pair of boards at up to 

100Mbps full duplex (the ring is broken if using the 

front panel SpaceWire interface for host purposes) 

The LEON3 GR-MCC-C system controller includes 

these features: 

 Debugger interface accessible through JTAG for the 

GRMON debugger 

 Two high-speed SpaceWire links, allowing seamless 

data transmission to/from RC64 processors 

 Real-time operating system (RTEMS), providing 

access to basic functionalities required for data 

transmission, communication, and software 

management 

Peripheral equipment includes: 

 Brick Mk3 for the PC-to-SpaceWire interface, used 

for host control functions from the PC using USB3 

 Lauterbach debugger, used for RC64 debug 

programs, connected using the JTAG interface to the 

VPX64 board. Connects using Ethernet to LAN 

The PC platform includes: 

 Interface to Brick Mk3  

 LAN interface for Lauterbach debugger box 

 Software development environment for RC64 

 Lauterbach debugger software 

 Script environment for test execution on RC64 
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Fig. 5.  PC-based host control 

III. BRICK MK3 CONTROL 

The PC-based host control test-bed (see colored boxes in 

Fig. 5) uses the Brick Mk3 USB3 to SpaceWire equipment 

to operate the VPX64 boards. 

The PC includes the Phyton environment, which supports 

the SpaceWire RMAP protocol-based interface with the 

RC64 processor on the VPX64 boards. Software developed 

for the environment supports these functions: 

1. Reset the VPX64 boards 

2. Control clock generator configuration on the VPX64 

boards  

3. Load and launch executables on the RC64 

processors 

4. Read/write access to the RC64 internal address space 

5. Monitor board temperature 

Test programs for the environment demonstrate the 

above sequence with many types of programs that verify 

the VPX64 board and RC64 functionality. 

IV. LEON3 CONTROL 

The LEON3-based host control test-bed (see colored 

boxes in Fig. 6) replaces the MK3 brick and PC control over 

VPX64 boards with the LEON3-based GR-MCC-C board. 

The SpaceWire interfaces of the GR-MCC-C board are used 

for interfacing the VPX64 boards. Programs loaded to the 

LEON3 processor through JTAG interface support these 

functions: 

1. Reset the VPX64 boards 

2. Control clock generator configuration on the VPX64 

boards  

3. Load and launch executables on the RC64 

processors 

4. Read/write access to the RC64 internal address space 

V. SPACEWIRE RING TOPOLOGY 

The SpaceWire ring topology tests use the backplane 

interconnect between the two boards (Fig.7). The left- 
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Fig. 6.  LEON3-based host control 
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Fig. 7.  SpaceWire ring topology  

hand VPX64 board executes the SpaceWire routing program 

with these functions: 

1. The SpaceWire host hardware detects packets with a 

non-zero path address, directing the packet to the 

DMA interface. 

2. The software application driver activates the DMA 

function to handle the incoming SpaceWire packet. 

3. The software application removes the first path 

address byte from the incoming packet.  

4. The software application sends the packet from 

SpaceWire Host #0 to #1, or from #1 to #0. 

The PC host uses the path address to program the right-

hand VPX64 board with test programs and validates the 

execution. All SpaceWire RMAP transactions route through 

the left-hand VPX64 board. 

I. SPACEWIRE DATA 

The SpaceWire data tests use the SpaceWire ring to load 

programs to both boards (Fig. 8). The programs perform 

DMA transactions through the board-to-board SpaceWire 

data links. SpaceWire packets from one board are compared 

with expected content on the other board. 

II. SUMMARY 

The test-bed provides a testing environment for RC64. 

The PC script environment supports automatic execution of 

the tests to validate system stability. Each test includes 

pass/fail criteria; reporting the results to a managed database. 

Multiple data rates, link-up/down, and disconnect were 

tested for the SpaceWire links. 
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Fig. 8.  SpaceWire data 
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