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The nanosatellite whose weight is less than ten kilograms requires a high performance on board computer system to handle its various requirements. It must not only process the high-rate date, but also be low power and low cost. The Intel StrongArm SA-1110 is ideally suited for the microsatellite environment. It implements the ARM V4 instruction set, and incorporates a 32-bit StrongARM RISC processor capable of running at up to 206 MHz. It has a 16Kbyte instruction caches and 8Kbyte data caches, a memory-management unit (MMU), and read/write buffers. At 133 MHz internal clock speed with a nominal Vdd of 1.5 V, it delivers 150 Dhrystone 2.1 MIPS while dissipating less than 240 mW. Its low cost, low weight, low power, high performance and flexibility make it an excellent candidate for control and data processing applications.
In the Tsinghua Nanosatellite, SA-1110 is used for the on-board computer system. This paper describes the features of the computer hardware and software system, and presents the design details of the on-board computer. 

1. INTRODUCTION 

With the development of nanometer technology, Nano-satellite are paid great attention and developed rapidly. The Tsinghua Nanosatellite is a Nano-satellite in 10Kg. One micro magnetometer, three micro 2-d sun sensors, a micro GPS receiver and MIMU is employed to determine the attitude of Nanosatellite. A small gravity gradient boom is used as basic stabilization of satellite. The main payload is a micro Multi-Spectral Earth Imaging system (MEIS). Three on chip CMOS CCD Cameras providing 250 meter ground sampling in 3 spectral bands with an 75 km field of view capable of providing detailed information on Earth resources, land use and environmental haze pollution and etc. The other Micro-Mechanical-Electric-system (MEMS) is as experimental payloads also. Because of its various requirements, a on board computer with high performance is needed. The Intel StrongArm SA-1110 is ideally suited for the nanosatellite environment.
2. DESCRIPTION OF SA-1110 

The Intel®StrongARM SA-1110 Microprocessor (SA-1110) is a device optimized for meeting portable and embedded application requirements. The SA-1110 incorporates a 32-bit StrongARM RISC processor capable of running at up to 206 MHz. The SA-1110 is a general-purpose, 32-bit RISC microprocessor with a 16 Kbyte instruction cache (Icache), an 8 Kbyte write-back data cache (Dcache), a minicache, a write buffer, a read buffer, an MMU, an LCD controller, and serial I/O combined in a single component. The SA-1110 memory bus interfaces to many device types including synchronous DRAM (SDRAM), synchronous mask ROM (SMROM), and SRAM-like variable latency I/O devices with a shared data ready signal. In addition, the SA-1110 provides system support logic, multiple serial communication channels, a color/gray scale LCD controller, PCMCIA support for up to two sockets, and general-purpose I/O ports. The SA-1110 provides portable applications with high-end computing performance without requiring users to sacrifice available battery time. Its power-management functionality provides further power savings. For embedded applications, the SA-1110 offers high-performance computing at consumer electronics pricing with MIPS-per-dollar and MIPS-per-watt advantages. The SA-1110 delivers in price/performance and power/performance, making it a choice for portable and embedded applications.  As do the Intel® StrongARM SA-110 Microprocessor (SA-110) and Intel® StrongARM SA-1100 Microprocessor (SA-1100), earlier members of the StrongARM family, the SA-1110 provides power efficiency, low cost, and high performance. Figure 1 and Table 1 shows the features of the SA-1110.

Figure 1. SA-1110 Features
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Table 1. Features of the SA-1110 CPU
	• High Performance

— 150 Dhrystone 2.1 MIPS @ 133 MHz

— 235 Dhrystone 2.1 MIPS @ 206 MHz

• Low power (normal mode)†

— <240 mW @1.55 V/133 MHz

— <400 mW @ 1.75 V/206 MHz

• Integrated clock generation

— Internal phase-locked loop (PLL)

— 3.686 MHz oscillator

— 32.768 kHz oscillator

• Power-management features

— Normal (full-on) mode

— Idle (power-down) mode

— Sleep (power-down) mode

• Big and little endian operating modes
	• 3.3 V I/O interface

• 256-pin mini-BGA package (mBGA)

• 32-way set-associative caches

— 16 Kbyte instruction cache

— 8 Kbyte write-back data cache

• 32-entry memory-management units

— Maps 4 Kbyte, 8 Kbyte, or 1 Mbyte

• Write buffer

— 8-entry, between 1 and 16 bytes each

• Read buffer

— 4-entry, 1, 4, or 8 words

• Memory bus

— Interfaces to ROM, SMROM, Flash, SRAM, DRAM, and SDRAM
— Supports two PCMCIA sockets


3. THE ON-BOARD COMPUTER SYSTEM DESIGN 

The Nanosatellite platform depends heavily upon on-board computer (OBC) system represents the ‘brain’ of the Nanosatellite platform. It enables the Nanosatellite and its payloads to operate with a high degree of autonomy - which is necessary since the satellite spends much of its time in orbit out of range of ground command stations.  
The OBC is connected to the command and telemetry system, and thus the OBC can control the Nanosatellite platform and payloads. The OBC can retrieve and format telemetry and format and issue telecommands. It is also connected to a high-speed telemetry/telecommand network based on the Controller Area Network (CAN) protocol.

The OBC is completely re-configurable. All operating software can be reloaded after the satellite is launched, and the satellite itself is safe during periods of software reloading or other software outage. 

Using SA-1110, the OBC is a very high-performance and power efficiency system. At 133 MHz internal clock speed with a nominal Vdd of 1.5 V, SA-1110 dissipates less than 240mW, and the power dissipation of the whole computer is about 1.5W. Thus the OBC has extremely low cost, low weight, low power, high performance and flexibility, and is ideally suitable for microsatellite and Nanosatellite environment. 
OBC has two parts, one is hardware system, including the CPU, EPROM, RAMDISK, EDAC( Error Detection and correction ), SRAM memory, CAN(Controller Area Network), HDLC (High-level Data Link Control), etc.; the other is software system, including program loader, hardware driver, operation system and application software.    

3.1 HAREWARE SYSTEM

The OBC haredware system has the following features:

(Intel StrongArm 1110 processor at 133MHz

(1Mx16bit Flash

(4Mx8bit EDAC SRAM

(Programmable watch-dog timer
(C515C CAN processor 

(2 RS-232 serial ports
(HDLC communication links

(64 kB of bootload EPROM

The block diagram of the OBC is shown on the Figure 2 below.
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Figure 2. Block Diagram of the OBC
The 64-kB bootload EPROM memory stores the initialization program. In default state, this memory will operate in the read-only mode. 
The 2-MB FlASH memory contains two copies of the application software that will be loaded into the SRAM memory for execution during the run time. During the mission, an entire new software code can be uploaded to this memory.
The OBC has a 4-MB RAMDISK. The OBC will collect data from the payloads and store it in RAMDISK files, then transmit the files to a ground station using digital store-and-forward communications techniques.  The details of payload data collection and transmission are all determined by software and can be easily re-programmed. 
The program memory is protected by Triple Modular Redundancy Error Detection and Correction circuit is implemented in an Actel FPGA. The OBC386 has a total of 4Mbyte of EDAC protected memory. Traditionally the On-Board Computers on the micro satellite uses an EDAC circuitry based on the Hamming Code. The reason for choosing the TMR EDAC scheme was for the superior speed, the simplicity of implementation and the error detecting and correcting capabilities. TMR can correct a maximum of 8 bits in a single byte or located in different bit positions spread over the three TMR bytes. Disadvantages of the TMR are the large memory overhead of three times the required memory and the large number of I/O pins required on the EDAC logic. The 4Mbyte of program memory requires an additional 8 Mbytes to implement the TMR. 

Payloads transmit their data to the OBC using the Controller Area Network (CAN) on the Nanosatellite. The CAN is a standard widely adopted in the automotive and process-control industries for distributed telemetry and telecommand and medium-rate data transfer. The CAN provides a standard physical and data-link layer interface, above which Nanosatellite has defined application protocol for spacecraft data transfer. Any payload with a CAN interface and on-board software implementing this application protocol can be connected directly into the Nanosatellite CAN bus. The C515C is used as a CAN controller. The C515C is an enhanced, upgraded version of the SAB 80C515A 8-bit microcontroller which additionally provides a full CAN interface, a SPI compatible synchronous serial interface, extended power save provisions, additional on-chip RAM, 64K byte of on-chip program memory, two new external interrupts and RFI related improvements. With a maximum external clock rate of 10 MHz it achieves a 600 ns instruction cycle time.
The High-level Data Link Control (HDLC) is used to communicate with the ground station. The HDLC protocol has been accepted as an international standard for computer communication networks. The AX.25 Amateur Packet Radio Link Layer Protocol conforms to HDLC and supports multiple point-to-point links between ground stations and on-board tasks. The server can support several virtual channels using the same physical channel. The server also supports broadcast or datagram communication for non AX.25 protocols. All on-board tasks that communicate with a groundstation must do so using the server. The server programs and controls an input and an output channel in each of the OBC's SCC device to operate in HDLC mode.
3.2 SOFTWARE SYSTEM

The OBC provides software for telemetry, telecommand, advance-scheduled telecommand, whole-orbit-data collection and program loading. In addition to the housekeeping functions, the OBC software is capable of controlling the spacecraft attitude, monitoring the payload and platform operation and executing a timed sequential schedule of automatic operations. 

The OBC software consists of several tasks that run concurrently under the control of a multitasking kernel. The kernel interrupts pre-emptively to allocate time slots amongst all tasks running on the OBC. The kernel also provides inter-task communication facilities, allowing tasks to communicate easily and efficiently.
The OBC software has been designed around a client-server model where each task performs a specific function and tasks that perform a function for other tasks are called servers. The top-level tasks are clients and perform functions such as controlling the spacecraft attitude and monitoring payload safety.

Each individual task is physically a separate executable file that can be located and loaded into any part of the OBC program memory.  Once the kernel and loader are loaded (using the bootloader), the remaining tasks may be loaded and executed using the synchronous loader program.
On launch, the OBC have only a small bootloader program running from EPROM, and for them to be generally useful, a suite of flight software must be loaded. The bootloader allows loading of any program into any part of the program memory, and itself uses no fixed memory.  This allows complete reconfiguration of the software in the event that part of the program memory fails.
The OBC runs the VxWorks multi-tasking kernel. VxWorks is the most widely adopted real-time operating system (RTOS) in the embedded industry. VxWorks is flexible, with more than 1800 powerful application program interfaces (APIs); scalable, from the simplest to the most complex product designs; reliable, used in mission-critical applications ranging from anti-lock braking systems to interplanetary exploration; and available on all popular CPU platforms, including the SA-1110. The VxWorks kernel is in control of the CPU at the lowest level and controls its hardware interrupts and timers. The kernel performs system level functions such as operating the task scheduler, task switching and inter-task communication.

The entire satellite on-board software can be routinely reloaded and re-programmed whilst in orbit thus enabling the satellite to benefit from software upgrades throughout its operational life.
4. CONCLUSION

In this paper, the Tsinghua nanosatellite on-board computer system using SA-1110 is introduced. The design is straightforward and successful. The nanosatellite will be launched in 2002.
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