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Abstract　GPS was begun developing by the U.S. military in the 1970's, and completed in 1993. A real-time, highly accurate measurement became possible all over the world anywhere always in less than ten years since then. It has a lot of problems that should still be solved. In this thesis, the view of various technologies that are both related to GPS by showing the outline of the GPS system is described.　
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1.
Section
Global positioning system is now widely used in space applications for launch vehicle navigation instruments or low earth orbiting (LEO) spacecraft used in scientific and commercial programs. Demands for miniaturization, multichannel and dual-frequency operation, and rapid acquisition and attitude determination have been increasing with the recent remarkable increase of use. Furthermore, GPS is now being modernized to eliminate selective availability (SA) in May 2000 and add a second civil frequency (L2 Civil) in 2003. A new spaceborne GPS receiver corresponding to these functions should thus be developed. Overseas manufacturers SURRY and ALCATEL supply SGR[1] and TOPSTAR 3000[2], but both are single-frequency (L1) receivers. Furthermore, SGR is not manufactured from space-qualified parts. We hope that a multichannel spaceborne GPS receiver with multifunctional capabilities will be produced domestically.
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Among the above functions expected to be incorporated in new receivers, the rapid acquisition function provides autonomous initialization of the GPS receiver in orbit. This function provides navigation results of the GPS receiver immediately after separation from the launch vehicle. It is also very useful for reacquiring lock almost instantaneously after unlock over short periods when a space vehicle significantly changes its attitude. It is important to find ways to accelerate the energy search for GPS signals in space applications.
There are two methods for implementing the rapid acquisition function in the commercial field. The first method is a software approach 3,4) using the well-known complex Fast Fourier Transform (FFT). The second method is to perform all baseband processing in the microprocessing unit. 5) The disadvantage of the former approach is the necessity to implement a very cumbersome FFT procedure in real time. 
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The method in reference[5] is also difficult to realize for space applications for the same reason. In former spaceborne GPS receivers, the digital circuit for signal reception and processing was provided in an application-specific integrated circuit (ASIC). Such receivers search for the signal energy every ten chips using 21 correlators. Another technique for performing the parallel search is the matched-filtering technique. If a digital matched-filter (DMF)[6] is used for the fast search device of a GPS receiver, the correlation process of one cycle (1023 chips) of the course acquisition (C/A) code will be completed almost instantaneously, and the time for signal searching will be reduced to one-hundredth.
2.
Section

We has developed various GPS space applications, including a stand-alone navigation system, an orbital rendezvous docking system, a differential GPS, and a dual- frequency receiver. In the latest trend, spaceborne GPS receivers are being miniaturized (less than 2 kg, 8 to 32 channels) by foreign manufacturers. Attitude determination using more than four antennas is also required.
2.1
Subsection
The weight trend of GPS receivers is shown in Fig. 1. The GPS receiver must be redesigned to achieve miniaturization. Key elements featuring integrated circuits and high packaging density are summarized in Table 1.
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Fig. 1 Mechanism of range measurement. [ 9 point ]
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The most probable microprocessor for a GPS receiver is the microprocessor with 25 MIPS in one mega-gate arrays. Power consumption is less than 3 watts. Four-mega-gate arrays are available from foreign manufacturers, and a multi-chip module (MCM) consisting of four 1-mega-gate arrays is available from domestic producers. The signal processing could be accomplished in one integrated circuit if the capacity exceeds 4 mega-gates. Other elements are a commercial radio frequency chip using heterogeneous interconnect (HIC) and a low-noise amplifier (LNA) using a monolithic microwave integrated circuit (MMIC).
2.2
Subsection
The requirements for a multifunctional GPS receiver are based on the second civil GPS signal (L2) (from 2003), a rapid acquisition function and an attitude determination function. Receiving dual-frequency (L1, L2) GPS signals or attitude determination requires many channels. If a dual-frequency, multichannel system is realized, it will be utilized to perform ionospheric correction and improve navigation accuracy. The rapid acquisition function improves the time to acquisition. The GPS receiver can be initialized autonomously in orbit, and the navigation results can be used immediately after separation. In the conventional method, it takes a few seconds to search for the signal in one frequency band and several tens of minutes for TTFF without initialization information (cold start). This reduces operation loads such as sending initialization information to the GPS receiver. The rapid acquisition function is also useful for reacquisition to recover from momentary lock loss when the space vehicle attitude fluctuates.
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Table 1 Parameters of second-order continuoustime

bandpass delta-sigma modulator. 　[ 9 point ]
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3.
Section

This investigation revealed that dual-frequency operation, a rapid acquisition function and attitude determination are required for miniature multifunctional GPS receivers. The specifications for these functions are summarized in Table 2. It is necessary to increase the total number of channels to receive dual -frequency signals and attitude determination. At most, each antenna views 12 satellites. Forty-eight performance channels are thus required, and the receiver weight should be less than 2.5 kg. However, it is difficult to increase the number of channels because conventional GPS receivers process the signals in one microprocessor. To resolve this computational complexity, signal tracking for use in combination with firmware has to be developed. We can realize up to 48-channel processing by using integrated circuits and digital signal processors (DSP).

The design of a prototype miniature multifunctional GPS receiver is described below. The GPS radio frequency signals are converted to the intermediate  frequency in the analog conversion process and then sampled and quantized to digital signals in the A/D converter. The correlators of the DMF are implemented in FPGA in this prototype. The signal acquisition process is performed in the DMF and DSP. The signal power of each millisecond is accumulated in storage after the correlators. The chip position can thus be detected even for the worst signal-to-noise ratio. The lock is detected by comparing the threshold and the sum of squares of I and Q signals (I2+Q2). The chip position at the maximum signal power is sent to the tracking-loop filter. The important design parameters of the prototype model are discussed below.

Increased number of channels  All signal tracking is performed in one processor in the current GPS receiver, so the number of channels is decided by the ability of the processor. In order to increase the number of channels, a DSP processes the signal tracking that has been processed in the CPU. As a result, it takes 62 nsec to process one channel using a DSP. The DSP can thus process 16 channels in a cycle of 1 msec, though at most eight channels can be processed in a cycle of 4 msec using one CPU.

4.
Section

This paper presents the investigation of a miniature multifunctional GPS receiver for space applications. The development and evaluation of the prototype receiver are also described. The test results of the prototype model using a GPS simulator reveal improved acquisition and initialization times. Application of the DMF considerably improves the cold-start characteristics. Test production of the tracking function using a DSP and corresponding dual-frequency (L1, L2) system was completed. It was confirmed that partial firmware processing significantly accelerates tracking. The system will be developed in the future.
（Manuscript received Feb. 1, 2010）
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