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Abstract— The brain of any embedded system is its Processor. The most important component of a Spacecraft is its On-Board 
Computer (OBC) or its Central Processing Unit. Since it is the most critical unit of the entire satellite, rigorous testing of its 
hardware and software is very important.  An hardware emulator based software testing, is the best test method in terms of test 
coverage, testing speed and closeness to actual scenario. In this paper, the author presents the design for a hardware emulator, 
that can be used to test the software for a LEON-3 based On-Board Computer. 
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I. INTRODUCTION 
 
  Satellites are injected into outer atmosphere for 
various purposes like communication, remote sensing, 
scientific purposes, interplanetary mission etc. 
Attitude control is a very important requirement of 
spacecrafts. Various sensors like earth sensor, star 
sensor and gyro provide the attitude information and 
actuators like wheels, magnetic torque, thrusters etc 
drive the spacecraft   in the desired orientation.  
 
The complex control law and algorithm, to generate 
the commands for control is implemented in the On 
Board Computer (OBC). The OBC also carrys out 
various critical house-keeping functions of the 
spacecraft. As computational requirements are    
increasing ,  there is a demand for powerful computers 
for next generation spacecrafts.  In this context space 
agencies are going for radiation hardened  powerful  
On-Board Computers   based on  LEON-3 processor 
with System-On-Chip (SoC) concept. The SoC 
includes various analog and digital application 
specific modules for processing, conditioning data and 
interfacing various sensors and actuators.  
 
LEON-3 is an open-source, fully synthesizable, highly 
configurable, 32-bit processor, compliant with the 
SPARC V8 architecture. It is organised as freely 
available libraries from Gaisler Research (GRLIB). 
The configurability allows designers to optimize the 
processor for performance, power consumption, I/O 
throughput, silicon area and cost. The core is 
interfaced using the AMBA 2.0 AHB bus and supports 
the IP core plug & play method provided in the Gaisler 
Research IP library (GRLIB). The processor can be 
efficiently implemented on FPGA and ASIC 
technologies and uses standard synchronous memory 
cells for caches and register file. The LEON core is 
also available in a fault-tolerant version immune to 
single event upsets (SEU) for use in space and other 
high-reliability applications. Gaisler Research 

provides the complete software development and 
debugging tools. 
The embedded software for LEON-3 processor is 
written in high level language like C, and 
cross-compiled using the Bare-bone C Compiler on 
Eclipse IDE platform. The software design of LEON-3 
based SoC includes coding, compilation, linking, 
downloading and execution.  
 
The development environment – GRMON is a 
complete wrap of all the tools necessary to build the 
software and can be installed over Eclipse 
environment. The development tools provide 
necessary hardware and software interfaces to 
download the cross compiled software, run them in 
debug mode and release mode, and monitor the 
internal machine states of the processor.  The total SoC 
of the OBC includes not only the LEON-3 core, but 
also the digital and analog modules necessary to 
process the sensor data and interface it with the 
actuators. To simulate the actual performance of the 
OBC software which interacts with these 
non-processor signals as well, we need to build a 
hardware replica of the overall system, on a chip and 
then download and test the OBC software.  This is the 
concept of a hardware emulator and the aim of the 
project. 
  
II. LITERATURE REVIEW 
 
There are a number of research papers discussing 
FPGA based hardware prototyping of ASIC based 
systems.  But the design and development of an FPGA 
based hardware prototype, with provision for debug 
and test interface is a new and developing area of 
VLSI design and testing.  Also, LEON-3 processor is a 
highly powerful and complicated engine, and finds use 
in very specific limited applications only. Hence, the 
amount of research that centre around LEON-3 
processor is less. Reference [1] describes a new 
hardware/software co-verification method for SoC, 
based on the integration of a C/C++ Simulator and an 
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inexpensive FPGA. The design of a dynamic image 
edge detection system, implemented on the LEON3 
open source soft-core processor is discussed in [2]. 
Reference [3] uses multi-processor emulations to fully 
utilise the underlying parallelism of the multi-core 
processors. It emulates an ARM platform on an Intel i7 
core engine. The development of a high performance 
space processor emulator is discussed in [4]. But it 
uses the QEMU open source dynamic translator.  
 
 
In this paper, an attempt is made to design and develop 
a FPGA prototype of the OBC SoC, with additional 
hardware and software modules to support debugging, 
centred around LEON-3 processor core and 
implemented on Virtex-4 based ML410 development 
board. 
 
III. DESIGN AND DEVELOPMENT 
 
The hardware emulator is developed on a Virtex-4 
based FPGA development board and integrated with 
the various OBC modules with the LEON-3 core. The 
SRAM and PROM on the board are used to store the 
compiled program and boot program respectively, in 
SREC format. The overall design and development of 
the total SoC is carried out in various steps, as 
described In the sections below.  
 

A. Installation and setup of LEON-3 files and 
utilities 

The LEON-3 core is organised as libraries under the 
Gaisler Research Library structure (GRLIB). The 
utility comes with linux based make utilities to 
generate compile scripts, link project files, synthesize 
with different IDEs, simulate with different 
simulators, etc. Cygwin software needs to be installed 
to support the utilities on windows platform.  
They also provide a GUI based configuration utility to 
configure the LEON-3 core but one can always work 
on the VHDL files directly for better clarity and 
control over the core. The C++ based Eclipse IDE with 
LEON IDE (LIDE) plug-in installed over it, is used to 
develop test software and to cross-compile it. 
GRMON tool provided by the vendors, support 
real-time testing and debugging features of the 
LEON-3 core.  

 
B. Extending the GRLIB for ML410 

The GRLIB utilities to synthesize and use LEON-3 
core is organised for different FPGA boards from 
different vendors. The FPGA board intended for 
developing the hardware emulator is not supported by 
the Gaisler Research Library. Hence it has to be 
extended to support the intended FPGA board, 
ML410. New make utilities and synthesis scripts need 
to be generated and the User Constraint File need to be 
modified for the new FPGA development board. 
Figure 1 shows the screenshot of the Xilinx project 
directory of the newly extended ML410 project. 

 
Fig.1  The LEON-3 core extended for ML410 board 

 
C. Configuring the LEON-3 core 

The LEON-3 processor is a highly configurable 
VHDL based core. The GRLIB provides the cores for 
various hardware peripherals/co-processors which are 
interfaced to the processor core through the AMBA 
bus. Timers, UARTs, Ethernet interface, Floating 
Point co-processor,  JTAG debug link, Debug Support 
Unit etc are a few among them.  We need to configure 
which all hardware modules from the GRLIB needs to 
be inserted into the final LEON-3 processor SoC. 
Figure 2 shows the Configured Debug Support Unit in 
the LEON-3 Core. 
 

 
Fig.2 Configuration, Instantiation and Interface of IP core 

 
D. Integrating the OBC modules with LEON-3 core 

The digital and analog modules that process the sensor 
data and conditions and interfaces with the mechanical 
actuators has to be integrated with the LEON-3 
processor core.  The OBC modules use address 
decoding to internally  generate the chip-select to each 
module.. Hence the address bus and data bus of the 
processor are integrated accordingly to the address bus 
and data bus of the OBC modules. Figure 3 shows the 
memory mapping of the OBC logics. The overall SoC 
is shown in Fig.4. 
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Fig.3 Memory Map configured for interfacing LEON3 with 

OBC logics 
 

 
Fig.4 Overall System On Chip with LEON-3 core, related 

peripherals and OBC logics 
 
IV. RESULTS AND DISCUSSION 
 
The total system was integrated and synthesised. Fig.5 
shows the device utilization summary for LEON-3 
core engine with minimum configuration features 
implemented on Virtex-4 based ML410 development 
board. 

 
Fig.5 Device Utilization Summary for implemented LEON-3 

core 
 
The results show that the hardware emulator is 

indeed realisable and with adequate effort into placing 
and routing, it can be developed into a fully 
functioning hardware Emulator for LEON-3 based 
SoC. 
 
SCOPE FOR FUTURE WORK 
 
We can improve the performance of the Emulator by 
adding more LEON-3 cores into the final FPGA, 
depending on the available space in the FPGA.  Also 
more debugging and test features can be added by 
pulling out the internal signals of the OBC logic 
modules and making them visible for debugging 
purposes. 
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