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ABSTRACT 
 

This paper focuses on the transceiver design using BOC signal in the telemetry field, 
including the transmitter and receiver.  The transmitter is similar as that using BPSK except 
from the sub-carrier modulation.  But the receiver design is totally different because the 
BOC signal has different performance.  The acquisition methods of BOC signal have been 
discussed such as the single-side BPSK-like, double-sides BPSK-like and hybrid processing 
methods, which can restrain side-peak and eliminate ambiguities.  The three acquisition 
process principles and their performances include arithmetic complexity are described, 
compared and simulated using MATLAB.   
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I.  INTRODUCTION 
 

Binary offset carrier (BOC) modulation was considered for the European Navigation Satellite 
System (Galileo) and the modernized GPS.  Compared with the traditional BPSK 
modulation, the BOC modulation has a lower inherent tracking noise, and better multipath 
and narrow-band interference mitigation performance.  In this paper, BOC modulation is 
introduced into the telemetry transceiver design to improve the performance in data 
transmission for the telemetry.   
 
The BOC signal has auto-correlation function with multiple peaks because of the sub-carrier.  
The nature of the BOC signals lead to potential acquisition and tracking ambiguities.  If the 
receiver locked on the error peak, the data demodulation results will not be correct.  
Therefore, new acquisition and tracking methods should be considered to avoid false locking 
onto a side peak when the BOC signal is processed. 
 
Traditional acquisition method of BOC signal has the problem that the main peak and the 
side-peak are ambiguous.  In order to deal with the problem, the single-side BPSK-like, 
double-sides BPSK-like [3] and hybrid processing [4] acquisition methods can be used to 
restrain side-peak and eliminate ambiguities.  In this paper, the three acquisition method 
principles and their performances include arithmetic complexity are described, compared and 
simulated using MATLAB.   
 

This paper is organized as follows, the second part gives the modulation principles and 
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auto-correlation function of the BOC signal following the introduction in section one.  Some 
acquisition models which can eliminate the side-peak of BOC signal are given in the third 
part.  In the fourth part, the performances of the three acquisition methods are compared.  
The compared results indicate that the different acquisition methods have different 
advantages in arithmetic complexity, acquisition time and the ability of against noise.  The 
final section gives the conclusion for this paper.   

 
 

II. BOC MODULATION FOR THE TRANSMITTER 
 
The transmitter based on the BOC modulation is shown as in Figure 1.  The telemetry data 
is spread with psuedo random codes firstly, and then a square offset carrier with frequency 

sf  is multiplied before the sinsoidal wave is modulated [1].  The frequency of sub-carrier 
is cas fmf ⋅= , the rate of spreading code is cac fnf ⋅= , the caf  is defined as the basic 
psuedo random code rate and can be configured for the transmitter.  So the ),( cs ffBOC  
can be defined as BOC(m,n).  The BOC signal can be represented as equation (1) 

)2cos())2(sin()()()( tftfsigntPRNtdAts cs ππ ⋅⋅⋅⋅=               (1) 

where A is the signal amplitude, PRN(t) is the psuedo random code with code rate caf .  
 

 
Fig. 1  The telemetry transmitter based on the BOC modulation 

 
Because of the sub-carrier, the auto-correlation function for BOC(m,n) signal has multiple 
peaks[2].  The number of side peaks is increasing as the growing as the ratio of m/n, as 
well as the value of side peak near to the main peak is increasing.  For example, the 
auto-correlation function of BOC(1,1) is expressed in equation (2).  It has changing points 
at -1, -0.5, 0, 0.5,1 chip.    
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The multiple peaks bring difficulties on the acquisition and tracking of BOC signal.  There 
are some special methods used to deal with the problem, i.e. to restrain side peak and avoid 
the fault lock onto a side peak. 
 
 

III. BOC SIGNAL ACQUISITION ARITHMETIC FOR THE RECEIVER 
 
The acquisition method of the traditional hardware receiver is time domain based with huge 
computation burden.  But the FFT based acquisition methods can reduce the quantity of 
calculation and improve the signal acquisition speed.  The following three algorithm are 
based on FFT.   
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(1) BPSK-Like double-sides acquisition algorithm 
The power spectrum density (PSD) of BOC signal can be regarded as that the traditional 
BPSK signal’s PSD is moved sf  up and down by the center carrier frequency of carrier.  
So we can use the spreading code PRN as the local code instead of the equalized BOC code.  
The local carrier should be changed into cf ± sf  instead of the cf , and the local 
intermediate frequency carrier is sIF ff ± .  The value IFf  is the numeric intermediate 
frequency as well as the local central carrier frequency.  The acquisition model is shown in 
Fig. 2. 

 

 
 

Fig. 2  BPSK-like acquisition model 
 
According to the acquisition model, the output value H of the inspected implementation is in 
equation (3), 

22
downup HHH +=                                       (3)  

where, 
)}(*.{ prnupup LconjYIFFTH =                                   (4) 

))(*.( prndowndown LconjYIFFTH =                                (5) 
})({ )(2 tffsfj

up
IFetrFFTY Δ++= π

                                  (6) 
})({ )(2 tffsfj

down
IFetrFFTY Δ+−= π

                                 (7) 
)}({ tPRNFFTLprn =                                         (8) 

)(tr  is the BOC signal at the receiver end, fΔ  is the step of Doppler frequency searching, 
)(Lconj  is the conjugate of L ,  .* is the dot multiplication of vector.   

 
(2) BPSK-like single sideband acquisition algorithm 
The main idea of this acquisition method is similar as the first method based on the BPSK 
PSD’s shift.  But the first one has complex architecture with energy saving.  This method 
shown in Fig. 3 has a simple architecture. 
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Fig. 3  BPSK-like single sideband acquisition architecture 
 
(3) The hybrid processing acquisition algorithm [4] 
This method is proposed based on the character of the auto-correlation function of the 
BOC(1,1) and the mutual correlation function of the  BOC(1,1) and the spreading code 
PRN(t).   
 
It is clear that the new function (9) can eliminate the side peak of the BOC auto-correlation 
function. 

},{},{)( 22 PRNBOCRBOCBOCRR syn −=τ                            (9) 
The function },{ BAR  is the mutual correlation function of A and B.  The hybrid 
processing acquisition architecture is shown in Fig. 3.  

 
Fig. 3 The hybrid processing acquisition architecture 

 
The output H is shown in equation (10), 

2
/

2
/ prnbocbocboc HHH −=                              (10) 

where, 
)}(*.{/ bocbocboc LconjYIFFTH =                             (11) 
))(*.(/ prnprnboc LconjYIFFTH =                             (12) 

})({ )(2 tffj IFetrFFTY Δ+= π                                 (13) 
)}({ tBOCFFTLboc =                                    (14) 
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)}({ tPRNFFTLprn =                                    (15) 
 
 

IV.  PERFORMANCE ANALYSIS OF BOC SIGNAL ACQUISITION 
 
According to the abovementioned three methods, we set the BOC signal’s initial code delay 
as 150chip, the initial doppler is 1200Hz.  The value 41 is the total steps of the doppler 
frequency search with 500 Hz interval from -10KHz to 10KHz. The sampling number of the 
data is N.  Table 1 shows the complexity result for the three algorithms with multiplication 
number.  The acquisition time is obtained based on 4ms BOC data processing on 2.4 GHz 
CPU and Windows XP platform.  BPSK-like single sideband acquisition algorithm is much 
fast than the other two as it processes only single sideband signal. 
 

Table 1  Algorithms complexity result 
Algorithms The multiplication number ( acquisition time ) 
BPSK-like double 
sideband 

NNNNN
22 log

2
41*)4)4(log

2
4( ++  (10s) 

BPSK-like single 
sideband 

NNNNN
22 log

2
41*)2)2(log

2
2( ++ (5s) 

Hybrid processing N
N

NN
N

22 log
2

*241*)3)3(log
2

3
( ++  (8s) 

 
According to the acquisition architecture, their performance such as energy loss, noise 
restrain and the maximum of H(k) are shown in Table 2.  The hybrid processing algorithm 
has no energy loss and can have better performance under lower SNR.  That is, its 
maximum H(k) is largest for the signal acquisition among the three algorithms.   
 

Table 2  BOC signal acquisition performances  
Algorithms Loss of energy The lowest SNR Maximum of H(k) 
BPSK-like double 
sideband 

1.2~1.5db -26dB 5402.15 

BPSK-like single 
sideband 

3db -26dB 2970.44 

Hybrdi processing Non-loss -28dB 6302.26 
 
 

V.  CONCLUSION 
 
BOC signal has better performance including the frequency efficiency and multi-path 
mitigation, which can be used in the telemetry transceiver.  In this paper, the transmitter and 
receiver design based on BOC signal in the telemetry application are proposed.  And the 
BOC signal generation, the BOC signal acquisition algorithms are discussed in detail.  The 
performance for the different acquisition method are analyzed from the point of view 
computation complexity, energy loss, noise restrain etc.  These analyses can be provided for 
the practical application scenario in telemetry field.   
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