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AltBOC navigation signal quality assessment and measurement
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Abstract: In order to ensure that Chinese BeiDou satellite navigation system runs smoothly, the assessment of signal quality
has become a significant task. Alternative binary offset carrier (AltBOC) is BeiDou B2 frequency signal. The acquisition of
BeiDou signal is processed in off-line mode and the evaluation is performed by taking signal power spectrum, eye diagram,
constellation, correlation, loss and s-curve deviation on AltBOC as signal quality evaluation parameters. The results illustrate
that the new system signal, namely AltBOC signal, has the best performance in code tracking precision, anti-jamming and
anti-multipath.
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0 Introduction

With the development of satellite navigation tech-
nology, global navigation satellite system (GNSS),
a constellation of satellites providing signals from
space transmitting, positioning and timing data, is
widely used in the fields of military and civil appli-
cations. To meet higher and higher demands of use-
rs, the navigation system has been greatly improved
in navigation signals based on alternative binary off-
set carrier (AItBOC) modulated signals.

The quality of GNSS signals directly affects the
performance of navigation system. Thus signal eval-
uation method is a predominant consideration than
signal validation. Not only for in-orbit test before
the commencement of formal system running, but
also for long-term monitoring for navigation signals

as well as results evaluation after formal system run-
ning, it is important to evaluate signal quality and
analyze test methods in order to construct an inde-
pend[e]nt signal quality monitoring and evaluation sy-
stem'"” .

1 Scheme of signal quality assessment

This paper mainly uses GNSS baseband signal
quality evaluation technique and performs in-orbit
satellite signal quality evaluation in off-line way. By
using a series of effective parameters, we assess the
baseband signal quality and the effects of the de-
signed system hardware and transmission channel
process on signal quality. Thus we can evaluate the
effect of signal distortion on navigation perfor-
mance. Signal quality evaluation scheme is shown in
Fig.1.
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This paper analyses the B2 frequency band signal,
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Block diagram of signal quality evaluation system

which is analog signal source, collected by signal ac-
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quisition device. The sampling rate is 500 MHz, and
B2 signal includes B2a of 1 176.45 MHz and B2b of
1207.14 MHZ'".

2 Signal quality evaluation parame-
ters and test results

2.1 Power spectrum

We use Welch cycle diagram to analysepower
spectral density (PSD) of the practical navigation
signal. Welch cycle diagram method utilizes the im-
proved average cycle diagram to estimate the power
spectrum of the random signal. It uses the signal
segments overlap, window, fast Fourier transform
(FFT) and other techniques to calculate the power
spectrum?. The Welch method can contribute to
the estimation of the spectral curve smoothness,
greatly enhancing the resolution of spectral estima-
tion, so it is commonly used in GNSS signal power
spectrum analysis”’ .

Fig.2 shows B2 signal PSD. The selected relevant
parameters are Hamming window length of 7 ms
and FFT points of 10 240. It shows that Welch cycle
diagram method can get better spectral envelope.
Fig. 3 shows the PSD of AItBOC.
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From Fig. 3, it can be seen that the measured PSD

is consistent with theoretical PSD. The correlation
coefficient reaches 0. 983, and the calculated spec-
trum distortion coefficient is 0.017, which indicates
the test power spectrum is of small distortion*’ .

2.2 Time domain waveform and eye diagram

The signals to be analyzed can be got through or-
thogonal carrier stripping and Doppler removing.
Then the signal time-domain waveform can be di-
rectly drawn. After overlaping a plurality of the
time domain waveform, the eye is drawn. Fig. 4 is
the time-domain waveform of B2 test signal. The
chip shape can be clearly seen.
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Fig.4 Time domain waveform of B2 test signal

Fig. 5 is the measured B2 signal. As we can see,
the eyes’ open degree of the test signals is better.
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Fig.5 Eye diagram

2.3 Xing block diagram

Using the complex baseband signal can directly
show us navigation signal constellation. Constel-
lation can intuitively reflect the effect of 1/Q carrier
phase non-orthogonality on signal quality. 1/Q carri-
er non-orthogonality can result in the error of signal
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amplitude and phase. Among them, amplitude error
will affect GNSS signal constant envelope character-
istics, resulting in greater signal distortion. Fig. 6
shows the ideal AItBOC signal constellation. Fig. 7
is the actual signal constellation of AItBOC signals.
The actual constellation has a slightly offset com-

pared with ideal constellation™ .

0
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Fig.7 Constellation diagram of AltBOC actual signals

2.4 Related loss

Related loss is a very significant parameter,
which can measure the navigation signal quality.
Related loss refers to the loss that the useful signal
power in the related processing is compared with all
available power of all received signals. Related loss
concerns the navigation signal crosscorrelation func-
tion. Crosscorrelation functions is defined as'®

JTPS(t)E(t + 7)dr

0

CCF(7) = (1)

JIT e oy

0

There are two main factors causing loss: (D The
same carrier frequency multiplexing a plurality of
signal components; @ The channel bandwidth and
distortion. Except the receiving treatment effects,

the linear/nonlinear distortion introduced in signal
generation and transmission process will also cause
some loss.

2.5 S-curve bias (SCB)

Ideally, the zero value of receiver chip loop phase
curve (s-curve) should be located in the code track-
ing zero error, but actually channel transmission
distortion and other effects of multipath can cause
code loop to be locked in native code phase relative
to the input signal phase deviation. We will take
non-coherent lead reduction power type phase de-
tector as an example, for the correlator lead-pitch
lag is &, the s-curve equation is'”’

2

S (,0) = ‘CCF(T —g)
2

‘CCF(Hg) : 2)

SCB = mzillfia(eblas(S)) - miﬁla(ﬁmm(é\))~ (3)

From Eq. (3), the received signal phase curve
locking point deviation e, (&) with lead lag distance
0 curve is drawn.

Fig.8 is the s-curve of different lead lag distance
received by a non coherent ahead reducing power
type discriminator. Ideally, the correlation peak
symmetry is prominent, and s-curve has a common
zero point, which is located in the code tracking er-
ror, the locking point deviation e, (8) is 0; In fact,
the channel transmission distortion and other effects
caused by multipath distortion cause the correlation
peak distortion, which causes the code loop locked
in native code phase relative to the input signal

phase local deviations™®’ .
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Fig.8 Correlation function of AltBOC signal

The lock point deviation diagram under different
lead lag distance S curve zero is shown in Fig. 10i.
By lock point deviation calculation, s-curve devia-
tion SCB is 837.5 ps and SCB is smaller, which illus-
trates that the tracking error difference under dif-
ferent lead lag distance caused by correlation func-
tion distortion is not large, and it has little impact
on navigation performance.
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L5 where B, is code loop bandwidth and the unit is Hz;
1.0 C/N, is the carrier to noise ratio and the unit is Hz;
~ 05 Aw is Gabor bandwidth and is definitied as
z 0
B s Aw =27 [ /f G.()df (radls), (5)
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Fig. 10 Locked point bias in dependency of early-late spac-
ing

2.6 AItBOC(15,10) precision test
Coherent loop code tracking error lower bound is

2 B, 1

T = CIN, (Ba)’’ (4)

When transmitting bandwidth is more than 30 MHz,
AItBOC (15, 10) Gabor bandwidth is about thrice
the bandwidth of BPSK (10).

In order to quantitatively compare code tracking
accuracy of AItBOC (15,10) signal and BPSK (10)
signal, code tracking error is shown by simulation in
the typical cases and it can be seen from Tables 1
and 2. The assumptions are noise spectrum density
of 201. 5 dBW/Hz, coherent integration time of
1 ms, loop bandwidth of 0.1 Hz, spread spectrum
code of C/A code, correlator interval typical value
for code rate and front bandwidth ratio, etc.

Table 1  Simulation result of AltBOC(15,10) and BPSK(10) code tracking error from typical receiwer in open environment
Signal Modulation Received Carrier to Front Correlator Code tracking
component mode power(dBW) noise ratio(dB/Hz) bandwidth(MHz) spacing(chip) RMS error(m)
B2a BPSK(10) —154.5 47 24 0.4 0.02
B2b BPSK(10) —-154.5 47 24 0.4 0.02
B2 AlItBOC(15,10) -151.5 50 50 0.2 0.003

Table 2 Simulation result of AItBOC(15,10) and BPSK(10) code tracking error from typical receiver in serious barrier conditions

Signal Modulation Received Carrier to Front Correlator Code tracking
component mode power(dBW) noise ratio(dB/Hz) bandwidth(MHz) spacing(chip) RMS error(m)
B2a BPSK(10) -174.5 27 24 0.4 0.36
B2b BPSK(10) —174.5 27 24 0.4 0.36
B2 AltBOC(15,10) -171.5 30 50 0.2 0.05

From the results, we know that the AItBOC(15,
10) signal code tracking accuracy is higher than that
of single side band signal about one order of magni-
tude. In the open receiving environment, even B2a
or B2b signal code tracking accuracy also can achie-
ve centimeter level, this advantage is not evident;
In the serious barrier conditions (signal attenuation
is 20 dB), single side band signal tracking precision
is 0. 36 m, but AItBOC(15,10) is 0.05 m, which
can meet the demand of high precision application.

3  Conclusion

New navigation signal evaluation technique is a
remarkable task in the construction of the BeiDou
system. This paper takes the satellite navigation sig-
nal of B2 frequency point as an example and analyz-
es the main evaluation parameters of the signal qual-
ity as well as describes the test results in detail. In
addition, it introduces the test principle and realiza-
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tion scheme based on the power spectrum, eye dia-
gram, constellation, loss, s-curve offset parame-
ters. The new system signal, AltBOC signal, has the
best performance in code tracking precision, anti-
jamming and anti multipath. In the environment
with more barriers such as cities and forests, Alt-
BOC(15,10) performs more outstandingly, which
can satisfy the requirements of the urban vehicle
precision navigation (such as active cruising mode
based on satellite navigation)and high precision po-
sitioning in complex environment such as geodetic
measurement. The test results have a significant ref-
erence value to the actual signal quality evaluation
of BeiDou system.
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