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ABSTRACT. The conventional methods of evaluating the integrity of the reference fre-
quency onboard navigation satellite are difficult to meet the requirement of failure isola-
tion. A method of autonomous integrity monitoring based on oscillator intervention tech-
nique is proposed in this paper, which can detect the anomalies of the master or backup
reference frequency onboard navigation satellite and identify the anomaly source simul-
taneously. Simulation experiment results demonstrate the improvement of the proposed
method. It is shown that small accidental jumps or jitters of the 10.23MHz reference
frequency which are greater than 8mHz can be accurately identified in one second.
Keywords: Navigation satellite, Reference frequency, Integrity, Autonomous monitor-
ing

1. Introduction. The reference frequency of navigation satellite is a special signal with
fixed frequency value usually produced by the Time Keeping System (TKS) onboard
satellite. For example, both reference frequencies of GPS Block IIR and Galileo IOV
are 10.23MHz [1,2]. It is very necessary to monitor integrity of the reference frequency
onboard navigation satellite, since its accuracy and stability will directly affect the perfor-
mance of the whole satellite navigation system [3-5]. Although the integrity monitoring
of the reference frequency onboard navigation satellite has received a great deal of at-
tention in recent years, the interest has been focused mainly on detection of frequency
jump or phase jump; however, the frequency resource configuration has not been taken
into account [6-11]. One problem in engineering practice is that the abnormal reference
frequency signal chain could not be identified easily by the way of comparing the measure-
ment of the master and backup reference frequencies, even though the frequency jump or
phase jump can be accurately detected by a phase meter onboard the satellite.

In order to solve the problem mentioned above, a method of autonomous integrity
monitoring based on oscillator intervention technique is proposed in this paper, which
can accurately detect the small anomaly of the master or backup reference frequency
chain, and make a correct judgment of the anomaly source simultaneously onboard the
navigation satellite.

The rest of this paper is organized as follows. Section 2 introduces the principle of
autonomous integrity monitoring of the reference frequency onboard navigation satellite
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and presents the design scheme of the system. Section 3 gives a simulation experiment to
verify the the proposed method. Section 4 concludes this paper.

2. Principle of Autonomous Integrity Monitoring. In a more simplified and rea-
sonable TKS scheme, only two atomic clocks are powered up to drive two individual
frequency synthesizers respectively. One of the two signal chains produced by the synthe-
sizers is selected as the reference frequency of the satellite payloads. The selected signal
chain can be called master chain, and the other can be called backup chain. The backup
chain must be adjusted as the same frequency and the same phase with the master chain,
which enables stable switching to the backup chain when anomaly of the master chain
occurs and thus not suitable for providing the standard reference frequency signal for the
navigation satellite.

The comparison measurement between the master chain and the backup chain can help
to detect the frequency jump or phase jump, but it is unable to find the failure source.
Each of the signal quality degradation derived from the master chain or the backup chain
can lead to a jump display. In order to isolate the abnormal reference frequency source, an
oven controlled crystal oscillator (OXLN38D-S-KP-V, 10.2299MHz) is introduced into the
comparison measurement in our design. Firstly, the oscillator can be used to realize high
precision frequency measurement. Secondly it can help to construct three-party voting
logic and isolate the abnormal reference frequency source.

2.1. Design and implementation of data acquisition and processing system.
As shown in Figure 1, the circuit structure of our comparison measurement system has
similarity with the classical DMTD (Dual Mixer Time Difference) measurement equip-
ment [2,12], but the conventional counter is abandoned and replaced by a dual channel
simultaneous acquisition module and a digital processing module in the measurement of
two sine-beat signals. Such practice can not only help to realize the high precision mea-
surement, but also make it possible to integrate digital multi-algorithm into the basic
measurement system, such as the frequency anomaly detection algorithm, and the anom-
aly isolation algorithm. And in the design, three sets of measurement data are selected as
the basis data of autonomous integrity monitoring, which can be obtained by calculating
the simultaneous sampled data of two sine-beat signals.

(1) Afaw(n): relative frequency difference of master chain and backup chain.

(2) Afue(n): relative frequency difference of master chain and intervention oscillator.

(3) Afpe(n): relative frequency difference of backup chain and intervention oscillator.
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FIGURE 1. Structure of the basic frequency measurement system
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2.2. Detection and isolation of frequency anomaly. Compared with other predicted
tracking algorithm (e.g. Kalman filter method), the least square method has the virtues
of the simple principle, good real-time performance and is easy to realize. In our design,
several previous measurement results are used to predict the trend of the frequency dif-
ference. As shown in Figure 2, the frequency jump detection is carried out by comparing
the Least Square Prediction (LSP) of the previous measurement results and the current
measurement result where “g” is a detection threshold and it will affect the detection rate
and false alarm rate. If the threshold value is too large, it will lead to missing report of
some frequency anomalies. On the other hand, too small threshold value may cause bigger
false alarm rate. Therefore, the selection of the detection threshold should be according

to the demand on the detection rate and the false alarm rate in a practice project.
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FIGURE 2. Algorithm of frequency anomaly detection and isolation

The procedure of the frequency anomaly isolation could be illustrated by an example
as follows. The original frequency difference measurement data of a certain type of TKS
principled sample machine are shown as Figures 3(a)-3(c). It is apparent that the master
chain has been adjusted by a frequency offset of 1mHz at the moment of 45th second,
which is used to simulate a relative frequency jump about 9.7E-11. The Figures 3(d)-
3(f) show the detecting result of the frequency jump, among which both Figure 3(d) and
Figure 3(e) have abnormal peaks at the moment of 45th second. And at the same time,
Figure 3(f) has no apparent abnormal peak. According to the algorithm illustrated in
Figure 2, we can come to the conclusion that a frequency jump occurred in master chain
at the moment of 45th second. It can also be seen that two simultaneous smaller abnormal
peaks appeared in Figure 3(e) and Figure 3(f) at the moment of 17th second, whereas
there was nothing happening in Figure 3(d). The above phenomenon shows that a small
jitter occurred in the intervention oscillator at the moment of 17th second.

3. Experiment Results. Generally, the background noise has a direct influence on the
measuring ability of the system. The test results show that the background noise value of
the basic measurement system is 6.76E-13/s, just as shown in Figure 4 which could meet
the demands of measurement of the reference frequency onboard the navigation satellite.

In order to test the function and validity of the monitoring method proposed in this
paper, a lab setup is built. A view of this setup is shown in Figure 5. On the premise
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FI1GURE 3. Identification of frequency anomaly
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of 10MHz reference locked, both stabilities of the low noise frequency synthesizer LNFS-
100 and the analog signal generator E8257D are about 5E-12/s, so that the 10.23MHz
outputs of them can be used to simulate the master and backup frequency chains of the
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TKS onboard navigation satellite. In this experiment, the frequency jump or jitter of
frequency chain can be made by minor adjusting LNFS-100 or E8257D.

If the detection threshold g = 2.9600E-11 (corresponding the absolute frequency of
0.3028mHz), the different detection rates for different frequency jump between the master
chain and backup chain are shown in Table 1. As can be seen from Table 1, a frequency
jump greater than 0.8000mHz (corresponding the relative frequency jump of 7.8201E-11)
can be detected and isolated accurately. With this method, all the tasks of simultaneous
data acquisition and processing are carried out by the DSP TMS320C3713, and can be
finished in every one second.

TABLE 1. Detection rate and isolation rate of frequency jump

Frequency jump of

: Detection rate I[solation rate

master or backup chain

Absolute Relative Jump derived Jump derived

frequency  frequency jump (%) from master chain from backup chain

(unit: mHz)  (unit: non) (%) (%)

0.0000 0.0000 0.0093 0.0066 0.0506
0.1000 9.7752E-12 0.6095 0.6172 1.5559
0.2000 1.9550E-11 10.0779 11.8716 15.2884
0.3000 2.9326E-11 48.1001 55.5398 54.2715
0.4000 3.9101E-11 88.1365 92.7862 89.2270
0.5000 4.8876E-11 99.2053 99.7289 99.1109
0.6000 5.8651E-11 99.9864 99.9979 99.9769
0.7000 6.8426E-11 99.9999 100.0000 99.9998
0.8000 7.8201E-11 100.0000 100.0000 100.0000
0.9000 8.7977TE-11 100.0000 100.0000 100.0000
1.0000 9.7752E-11 100.0000 100.0000 100.0000

4. Conclusion. In order to meet the needs of high precision measurement and anomaly
detection towards reference frequency onboard the navigation satellite, a sine-beat digital
measurement method is proposed in this paper as an improvement of the classic DMTD
technique. Meanwhile, the oscillator intervention technique is introduced to solve the
problem of anomaly isolation of the reference frequency. The experiment results show
that small accidental jumps of the 10.23MHz reference frequency with stability of 5E-
12/s which are greater than 8mHz can be accurately detected and isolated in one second.
The results of the research have significance in the design of TKS autonomous integrity
monitoring system onboard the navigation.

Further research will concentrate on the extension of this technique to the integrity
monitoring of more general frequency sources. Therefore, adjustable offset frequency
generator will be a necessary substitute for the specially-designed 10.2299MHz oscillator
in our future design. Consequently, the method of generating offset frequency should be
studied extensively in the future.
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