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Abstract--- In Global Navigation Satellite Systems (GNSS) 

the structure of the signal predominately determines the 

system performance and wideband signals, in general, offer 

good performance. Consequently signal design and the 

receiver processing for wideband signals have attracted 

significant research attention in recent years. Because of the 

limited availability of the spectrum allocated for navigation 

systems, the numerous navigation signals broadcast by 

Modernized Navigation system will have to be combined 

and employ bandwidth-efficient modulations. 

I. INTRODUCTION 

Global Navigation Satellite System (GNSS) technology is 

rapidly penetrating into day-to-day activities of our lives. 

The Interplex modulation, a particular phase-shifted keyed/ 

phase modulation (PSK/PM), was chosen to transmit all 

these signals because it is a constant-envelope modulation, 

thereby allowing the use of saturated power amplifiers with 

limited signal distortion. Arguably, GNSS platforms, 

products and services that enable precise position and 

seamless navigation are set to create a global technological 

revolution during this decade, similar to the impact of the 

Internet and mobile phones in the recent past. 

Navigation is the art and science of getting from 

point "A" to point "B" in the least possible time without 

losing your way. In the early days of aviation, navigation 

was mostly an art. The simplest instruments of flight had not 

been invented, so pilots flew "by the seat of their pants". 

Today, navigation is a science with sophisticated equipment 

being standard on most aircraft. For a preliminary 

explanation of the ideas behind the navigation as shown in 

figure 1.This figures shows the basic idea of navigation and 

precise location. The type of navigation used by pilots 

depends on many factors. The navigation method used 

depends on where the pilot is going, how long the flight will 

take, when the flight is to take off, the type of aircraft being 

flown, the on-board navigation equipment, the ratings and 

currency of the pilot and especially the expected weather. 

 
Fig. 1: Navigation 

II. HISTORICAL BACK GROUND 

The Global Positioning System, originally designated as 

NAVSTAR (Navigation System with Timing And Ranging) 

is a space-based radio navigation system developed by the 

United States Department of Defense (DoD) (USCG, 

Internet). GPS provides all-weather, round-the-clock, 

worldwide reliable positioning, navigation and timing (PNT) 

services free of cost to users. GPS is divided into three 

segments, the space segment consisting of satellites and 

signals, the control segment and the user segment consisting 

of GPS user receivers. The satellites broadcast navigation 

and timing signals on different frequencies in the L-band of 

the frequency spectrum that are continuously monitored and 

controlled by the ground stations in the control segment.  

The requirements comprised of user demands, 

research thrusts, Government policies and directives among 

others. The advancement of hardware/software and atomic 

clock technologies and the opportunity to replace the old 

satellites were among the facilitators. Some of the 

constraints were due to financial reasons, while others were 

technical, e.g. backward compatibility. At around the same 

time, the European Commission (EC) and the European 

Space Agency (ESA) had initiated the development of a new 

system under the GNSS umbrella called “Galileo” 

(European Commission, Internet). Starting with this, there 

were added constraints to the system design to address 

compatibility and interoperability among GNSSs. As a 

result of the modernization process, GNSS programmed 

benefitted from several technical innovations which 

harnessed efficient signal structures and additional signals to 

mitigate the errors, thus enabling better performance.  

An INS is very simple in theory, but complicated in 

practice. Put simply, it is a totally self-contained dead 

reckoning system. Given its starting position, INS keeps 

track of all movements in all directions so it calculates the 

aircraft's flight position in relation to that point. To detect 

movement, the INS uses three accelerometers, one north-

south, one east-west, and one up-down mounted on a stable 

platform. An accelerometer is an electronic device that 

provides information similar to a gyroscope. Part of the 

accelerometer is in a fixed position and the other part is free 

to move with the aircraft. A magnetic field is produced by 

electricity between the two parts. Any change in movement 

by the free part will disturb the magnetic field. This 

disturbance will be recorded into the on-board computer 

which reads the data and calculates the amount of 

movement. The accelerometers use sliding shuttles and can 

detect accelerations up to a thousandth of a G force. The 

platform is stabilized using three gyros, one each for pitch, 

yaw and roll. This way the aircraft's movement is constantly 

monitored and helps the pilot keep the aircraft on course 
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Fig. 2: GPS System 

The GPS system uses a constellation of 24 or more 

satellites, 21 plus spares, at an altitude of 10,900 miles, 

moving 7,500 nmph. Two UHF frequencies, 1.57542 GHz 

and 1.22760 GHz are used. Ionospheric distortion is 

measured by the phase shift between the two frequencies. 

III. BINARY OFFSET CARRIER (BOC) 

Binary Offset Carrier Signals are a particular case of BCS 

signals with a representation vector formed by +1’s and -1’s 

alternating in a particular defined way. Two notations [E. 

Rebeyrol et al., 2005]  can be found in the literature to 

define the BOC signals. We describe them shortly in the 

following lines. The first model defines the BOC 

modulation as the result of multiplying the PRN code with a 

sub-carrier which is equal to the sign of a sine or a cosine 

waveform, yielding so-called sine-phased or cosine-phased 

BOC signals respectively as shown in figure 3. 

  
Fig. 3: Sine-phased sub-carrier for the BOC modulation. 

According to this definition, the expression of the 

sine-phased BOC signal would be:  

 
with  

 
where  

 ck is the code sequence waveform,  

 fs is the sub-carrier frequency,  

 and is the Non Return to Zero 

(NRZ) code materialization with value 1 

over the support .  

The second model defines the BOC modulation as follows:  

 

where describes the chip waveform and is broken 

up into n rectangular pulses of duration Tc / n with 

amplitude ±1. It is important to note that in this case the 

sine-phasing or cosine-phasing is considered as part of the 

chip waveform definition. where describes the chip 

waveform and is broken up into n rectangular pulses of 

duration Tc / n with amplitude ±1. It is important to note that 

in this case the sine-phasing or cosine-phasing is considered 

as part of the chip waveform definition. 

No matter what definition we choose to describe 

the BOC modulation in the time domain, the BOC signal is 

commonly referred to as BOC(fs, fc) where 

and so that 

generally one only says BOC(m, n) for simplicity. 

Moreover, unless it is indicated in a different way, when we 

talk about BOC signals we will always mean the sine-

phased variant. The parameter Φ is of great interest when 

analysing BOC signals. It is defined as two times the ratio 

between the sub-carrier and the chip frequency as follows:  

 

As we can see, Φ represents the number of half 

periods of the sub-carrier that fit in a code chip so that this 

ratio can be even or odd. When Φ is even, the two 

definitions presented above for the BOC modulation 

coincide since we can consider the sub-carrier as included in 

the chip waveform. However, when Φ is odd the second 

definition is not valid any more 

Accordingly, the product of the binary sub-carrier 

(1) with the code sequence results in the following time 

series:  

 

Fig. 4: Product of the sine-phased sub-carrier and the code 

sequence {1,-1,1,-1,1,1}. 

IV. NAVIGATION SIGNAL 

 1. C/A-Code A.

The C/A-code consists of a 1023 bit pseudorandom noise 

(PRN) code with a clock rate of 1.023MHz which repeats 

every 1 millisecond. The short length of the C/A-code 

sequence is designed to enable a receiver to rapidly acquire 

the satellite signals which helps the receiver transition to the 

longer P-code. A different PRN is assigned to each satellite 

and selected from a set of codes called Gold codes. The 

Gold codes are designed to minimize the probability that a 

receiver will mistake one code for another (minimize the 

cross-correlation). The C/A-code is transmitted only on L1. 

The C/A-code is not encrypted and is therefore available to 

all users. 

  P(Y)-Code B.

The P-code is a 10.23 MHz PRN code sequence that is 267 

days in length. Each of the satellites is assigned a unique 

seven-day segment of this code that restarts every 

Saturday/Sunday midnight. The P-code is normally 

encrypted into the Y-code to protect the user from spoofing. 

Since the satellites have the capability to transmit either the 

P- or Y-code, it is often referred to as the P(Y)-code. The 

P(Y)-code is transmitted by each satellite on both L1 and 

http://www.navipedia.net/index.php/Binary_Coded_Symbols_%28BCS%29
http://www.navipedia.net/index.php/File:BOC_Fig_1.png
http://www.navipedia.net/index.php/File:BOC_Eq_1.png
http://www.navipedia.net/index.php/File:BOC_Eq_2.png
http://www.navipedia.net/index.php/File:BOC_Eq_3.png
http://www.navipedia.net/index.php/File:BOC_Eq_4.png
http://www.navipedia.net/index.php/File:BOC_Fig_2.png
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L2. On L1, the P(Y)-code is 90 degrees out of carrier phase 

with the C/A-code. 

  Navigation Message  C.

A 50 Hz navigation message is superimposed on both the 

P(Y) code and the C/A-code. The navigation message 

includes data unique to the transmitting satellite and data 

common to all satellites. The data contains the time of 

transmission of the message, a Hand Over Word (HOW) 

for the transition from C/A-code to P(Y)-code tracking, 

clock correction, ephemeris, and health 

data for the transmitting satellite, almanac and health data 

for all satellites, coefficients for the 

ionospheric delay model, and coefficients to calculate UTC.  

V. MODULATION 

The Navigation System (NS) generally provide two types of 

services: Standard Positioning Service (SPS) and Restricted 

Service (RS), over defined coverage area. These services 

provided by single/dual frequency navigation signals in L5 

and S band. For SPS 1.023 Mcps BPSK signal is proposed. 

For RS two separate channels are proposed: 2.046 Mcps 

BOC(5,2) data and 2.046 Mcps BOC(5,2) data-less pilot 

channel. 

 The baseband navigation signals are generated in 

signal generation unit(SGU) which are modulated and 

combined. The NSGU modulator employs Interplex 

modulation technique to multiplex the three navigation 

signals on single carrier, to get constant envelope composite 

signal. In this technique Interplex is generated and combined 

as an additional signal. The composite signal is subsequently 

unconverted and amplified.  

 
Fig. 5: Modulator Schematic Diagram 

 
Fig. 1: Power Spectrum of Composite signal 

VI. CONCLUSION 

The composite signal of Interplex modulation not only has 

the most sophisticated signal structure among all the current 

GNSS signals but also offers unprecedented ranging 

performance. The performance advantages of the Interplex 

modulation used for navigation have already attracted the 

attention of the Chinese Compass navigation system 

designers, who have indicated that they will use the same 

modulation scheme at the same carrier frequency of 

1191.795 MHz in the L5 band for their B2 signal planned 

for Phase III. Moreover, with GPS L5, Galileo E5, Compass 

B2, GLONASS L3OC and the planned GLONASS L5OC 

signals, the L5/E5/L3 band will be crowded with high 

performance signals. 

All of the developments mentioned above, except 

the L5OC, will happen in the next 5 years, and a GNSS 

payload  designed to receive wideband signals in the L5/E5 

band will have access to these signals from a significant 

number of satellites. Since these signals are open 

service/civilian signals, there is likely to be a drive from the 

user community to track these high performance signals. 

Semiconductor technology advancements will accelerate 

demand and propel low form-factor and low-power 

requirements in such receivers. Due to its performance 

benefits, Interplex modulation is likely to get more attention 

in the L5/E5 band. 
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