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Abstract A polarization loss of 3 dB is caused by circular polarized antenna when receiving the
linear polarized signal in China area positioning system ( CAPS). This work proposes to use dual-
linear polarized antenna to receive CAPS signal and accordingly develops a signal acquisition and
synthesis algorithm. The algorithm first performs signal acquisition with the dual-linear polarization
antenna channels. According to the acquisition results the algorithm then synchronizes the signals.
After the synchronization, it sums the signals from the two channels using the maximal-SNR ( signal-
to-noise ratio) combination. The algorithm is verified by its application to an experimental receiver.
By analyzing the CAPS data acquired by the experimental receiver, it is found that the SNR of the
synthesized signal increases by about 1.5 dB over the one-channel signals.
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CAPS is a regional satellite navigation system.

Its space segment consists of commercial
geostationary ( GEO ) communication satellites and
inclined geosynchronous orbit ( IGSO) communication
satellites. It is different from the general global
navigation satellite system ( GNSS) in that its
navigation message are generated on the ground and
uploaded to the communication satellites with the
satellites transferring the message to the ground''?'.

Because communication satellites are used as
navigation satellites in CAPS, the polarization of the
navigation signal is the same as that of the satellite
transponders, which include horizontally polarized
antennas and vertically polarized antennas. So with
circular polarization antennas CAPS receivers can
receive both horizontally polarized and vertically
polarized signals. However, this will introduce a
polarization loss of 3 dB'*/. This paper proposes to
use dual-linear polarization antennas to receive
signals individually and develops a signal synthesis
and acquisition algorithm to reduce the polarization

loss. The maximal-SNR

combining to improve the signal to noise ratio of the

algorithm uses the

synthesized signal.

1 Algorithm

1.1 Polarization angle
Using E to express the signal field strength, the
component of signal coupled to the horizontally
polarized antenna S1 is
E, = Ecosax, (1)
where a is the polarization angle which is the angle
between the antenna polarization and the electric
field of the signal. x is the unit vector in horizontal
direction.
The component of signal coupled to the
vertically polarized antenna S2 is
E | = Esinay, (2)
where y is the unit vector in vertical direction.
With  dual-linear

polarization loss will be introduced because of the

polarized  antenna, a

polarization angle a . The maximal-SNR combining

of synthesized signal can be used to reduce the

polarization loss'*/.

1.2 Maximal-SNR combination of syn-
thesized signals
For the two signals received with the dual-linear
polarized antenna, we have
x,(k) = Acos(2mf + ;) +n,(k), i =1,2,
(3)
where x, (k) , related to the signal of i channel, i =1
for horizontal polarized antenna, i = 2 for vertical
polarized antenna. A, is the amplitude of signal i
channel, A, = Acosae , A, = Asina, A is the signal
amplitude. f'is carrier frequency. ¢, is the phase of i
channel. n,;(k) is white Gaussian noise of received,
the variance of it is o7 , and the white Gaussian noise
Define W =

[, ,0,]" to be the maximal ratio combining weight ,

of any channel is uncorrelated”’.

the synthesized signal'® can be expressed as
the following

2(k) = W'x = wAcos(2mf + ¢,) +

w,Aycos(2mf + b,) + wn, (k) + w,n, (k) =
s.(k) +n.(k), (4)

where s, (k) , related to signal of weighted. n_ (k) is
the noise of weighted.

According to Cauchy-Schwarz inequality” | the
maximal-SNR combining of synthesized signal is

_A LA

cmax

SNR (5)

ooy

The increase SNR of the synthesized signal

a'ng +0'§Af dB and 10lg O'?Ag + a'gAf] B
Ao, Aoy

corresponding to the two antenna channels, respectively.

is 10lg

1.3 Implementation steps

Figure 1 shows the dual-linear polarization
antenna system of CAPS!™' | the acquisition
algorithm of implementation steps as the following

a) Acquire signals of two channels using the
acquisition algorithm of parallel code phase search.

b) Calculate the best weights of maximal-SNR
combining of synthesized signal when both signals
are acquired, and multiply by a synchronization
signal which generated by the code phase delay,

then put into the adding device to complete the
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maximal-SNR combining of synthesized signal.
¢) Export the result of acquisition, using the
acquisition algorithm of parallel code phase search.

S1 output

IF data 1 |Parallel code Combined
phase search coefficient W,
Code phase
delay Synthesized
Parallel code | singal output
[phase search
Code phase
delay
Parallel code Combmed
IF data 2 | Phase search || coefficient W,

I S2 output

Fig.1 Algorithm for signal synthesis and
acquisition of CAPS

2 Results of the application to
CAPS receiver

In order to demonstrate the performance of the
algorithm, dual-linear polarized antenna and two
implemented to a CAPS
receiver. An Adlink acquisition card PCI-9820 is

used to collect the data. The navigation messages

down-converters are

adopts transmission rate of 50 bps, code rate of
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correlation value

10. 23 MHz, the code length of 10 230, the code
period of 1 ms, and carrier frequency is 3 826. 15
MHz. Both down-converters use the same clock
reference which is provided by a temperature-

( TCXO ). The
intermediate frequency (IF) signal is 20.46 MHz.

compensation Crystal Oscillator

The sampling rate of acquisition card PCI-9820 is 60
MHz and continuous sampling time is 20 ms. So for
the code period of 1 ms there are 60 000 sampling
points. The acquisition use a length of 9 ms data to
carry out 1 ms coherent integration and nine
incoherent integration, the frequency step and
search frequency range are 500 Hz and +7 KHz,
respectively. The algorithm is realized in MATLAB.

Figure 2 shows individual acquisition results
from S1 and S2 channel signals. The SNR from the
horizontal polarized antenna is 18.425 2 dB, the
correlation peak is located at frequency offset of 0 Hz
and sampling point of 28 636 ( corresponding to
4 882 code phase). The SNR from the vertical
polarized antenna is 18.993 2 dB, the correlation
peak is located at frequency offset of 0 Hz and
sampling point of 28 637 ( corresponding to 4 883
code phase).

signal 2

Fig.2 Certain acquisition results of one-channel signal

Figure 3 shows the acquisition result of
The SNR from the vertical
polarized antenna is 20.525 3 dB, the correlation

synthesized signal.

peak is located at frequency offset of 0 Hz and
sampling point of 28 636 ( corresponding to 4 882

code phase). Compared to the result from the single

antenna, we can find that correlation peak value is
The SNR of
synthesized signal is improved and the noise is

of

larger and its noise is smaller.

restrained by using maximal-SNR combining
synthesized signal.

Figure 4 shows the SNR of 11 groups of
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synthesized signal

correlation value
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Fig.3 Certain acquisition results of synthesized signal

different data with the same polarization angle. The
SNR of S2 signal is always greater than channel 1
signal. Therefore the synthesized weights w, is bigger
than w,, which means channel 2 signal contributes
more to the synthesized signal. Meanwhile, the SNR
of synthesized signal is obviously larger than that
from single channel signal, and the difference
between them is from 1. 458 8 dB to 1. 6300 dB, its

average is about 1.5 dB. By analyzing the measured
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Fig.4 SNRs of one-channel signal and the

synthesized signal

data show that the measured results accord with

theoretical analysis.

3 Summary

The proposed acquisition and synthesize

algorithm uses two linear polarization antennas to

receive signals individually and synthesize the

signals by maximal-SNR combining to reduce the
polarization loss. The algorithm improves the SNR of
the synthesized signal effectively. By analyzing the
data acquired by the experimental receiver, the SNR
of the synthesized signal increases about 1. 5 dB over

the one-channel signals.
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