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Abstract - Positioning and navigation face an ever-increasing need for accuracy and reliability. NAVSTAR GPS the fully 
operational global navigation system is controlled by the United States Department of Defense. With a total of 32 satellites 
in GPS constellation having 24 working and 8 spare to replace any of these 24 satellites in case of malfunction or damage. It 
allows a user anywhere on the Earth to obtain precise time, position, and velocity 24 hours a day. GPS is still under 
modernizations due to the recent growth of civilian market for positioning and navigation applications.  The modernization 
of GPS is done by the addition of a new civil signal named L2C. The objective of the paper is to develop a real time L2C 
signal simulator in a laboratory platform using Xilinx FPGA. It is so called real time because the satellites which are visible 
to a given user location and time are found out and accordingly generate L2C signal. L2C signal cantered at 1227.60 MHz, 
so called because it broadcast on the L2 frequency.  Resulting signal is analyzed to evaluate the viability of GPS system for 
India in low cost. 
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I. INTRODUCTION 
 
In the existing Global Navigation Satellite Systems 
the only fully operational system that is available is 
GPS developed by US military. Several countries 
have started to develop and modernize their own 
system in order to make up for the strong market that 
is navigation field. Positioning capability in weak 
signal environment like inside building and urban 
area is of great demand. It’s challenging under 
adverse conditions to acquire and track legacy GPS 
L1C/A signals.  
 
GPS L1 signal is used in present GPS technology. 
Addition of new L2C signal improves the signal 
availability and reliability. Several other advantages 
like indoor positioning, ionosphere error elimination, 
and improved tracking performance is provided with 
the novel code structure and compact data format. It 
will provide greater accuracy and robustness and 
faster signal acquisition than the current L1 C/A code 
signal. A GPS Simulator outputs exactly the same 
type of radio signal as emitted by the satellite, 
themselves. The signal includes the information such 
as date and time. When a receiver is connected to a 
simulator it behaves exactly the same, as if it has 
received a GPS signal from the satellite. The GPS 
simulation provides consistency. This can be done in 
real time using dedicated hardware, or processed 
offline on a normal PC. This will lead to the 
development of indigenous digital L2C GPS signal 
simulator.  
 
The system works as follows: First we have to find 
out which out of 32 GPS satellites are visible for a 
given user location and time. So the visibility of 
satellite has to be done prior. Now the L2C code  

 
generation using feedback shift register (both CM and 
CL) for 32 satellites is done. Shift register have 
different initial conditions for the 32 satellites. The 
navigation data is generated using ICD 200c. The 32 
channel available will have L2C code, navigation 
data and carrier which will be mixed to generate L2C 
signal. Not all the 32 channel signal will be used for 
L2C signal generation. Instead out of 32 satellites 
only the outputs of the visible satellites at the given 
time is used for the L2C signal generation which will 
be used for the positioning later. 
 
The organization of the paper is as follows. After the 
introduction given in Chapter 1, Chapter II gives an 
overview of the steps for finding the satellite 
visibility. The concepts of navigation data is 
explained briefly in Chapter III. The following 
Chapters IV and Chapter V explain the structure and 
the generation of the L2C signal respectively. 
Conclusion is given in Chapter V1. 
 
II. SATELLITE  VISIBILITY 
 
Satellite positions from Almanac data has to be   
determined to make the generation of L2C signal real 
time. Each satellite have unique almanac file which 
contains the details of the satellite like health, 
eccentricity, week number etc. Table I shows the 
almanac file of satellite 1 of week number 807. 
Similarly there will be 32 different unique almanac 
file for PRN1 to PRN 32. Using this almanac file 
values the satellite visible to a user location and time 
can be determined by substituting the values to the 
given algorithm. 
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 TABLE I.      WEEK 807 ALMANAC FOR PRN-01 

 
 
The algorithm to find the visible satellite is given as 
follows: 
 
Step 1. Change from local time to GPS time.  

 
Suppose that the input time is the local time [given as 
year, month, date, hour, minute, second]. This time 
must be changed to GPS time first. The year, month, 
and date are used to determine the GPS week number 
(WN). The reference date of WN is 1999 August 
21/22, although the GPS WN started on midnight 
January 5/morning January 6 1980. Its roll over 
happened in 1999. The number of dates passed since 
August 21, 1999, divided by 7 gives the WN and the 
remainder is the date of the week (DOW). 

 
The WN is used to determine the week of YUMA 
data (WY) used. The DOW is used as part of the 
input time. The closer the WY to the WN, the more 
accurate the calculated results should be. The hour, 
minute, and second should be changed to Greenwich 
Time. tGPS is user specific. So in finding out visible 
satellite for a particular position we can input the 
GPS time            (tGPS) and location coordinates so 
that the satellite visible for that time and location can 
be determined. The epoch time toe is given by     

toe = tyu + af 0                                (1)       
where tyu and af0 are from the YUMA data and toe is 
the time used in the next step of calculations. 
 
Step 2. Calculate satellite position.  
 
The quantities obtained from YUMA data are es, tyu , I, 

Ὠ ,ω ,Mo and afo. The constants used in these 

calculations are µ = 3.986005 × 1014 m3/sec2 and 
Ὠie= 7.2921151467 × 10−5 rad/sec. The mean motion 
is obtained by 

                 		푛 =                                           (2) 

The mean anomaly can be calculated from the 
equation 

M = M0 + n(tGPS − toe)                               (3) 
The eccentric anomaly E can be found through  
        E = M + es sinE                                          (4) 
The distance from satellite to the center of the earth r 
can be obtained from the equation  
           r = as(1 − es cos E)                                    (5) 
The true anomaly ν can be found from the following 
equations as 

 
ν = ν1sign(ν2). The definition of φ is 
 
             φ ≡ ν +ω                                        (7)                           
The Ὠer can be found as 

 
The position of the satellite can be   found as 

 
The satellite position obtained is in earth-center, 
earth-fixed (ECEF) coordination. This approach is 
used to calculate the positions of all the satellites. 
 
Step 3. Coordinate transform. 
 In this operation, three coordinate systems are 
included. The user position is usually given in 
latitude (Lc), longitude (l), and altitude (h). The 
satellite position is in ECEF system. The final 
satellite position is referenced to the user position in 
east, north, and height. The following coordinate 
transform can achieve this goal:The user position is 
changed from Lc, l, and h into ECEF system to have 
the same coordinate with the satellite position 
through   

 
 
where 푥 , 푦 , and 푧  are the user position in ECEF 
system and ae and ee are the earth semimajor axis and 
eccentricity. The satellite position referenced to the 
user position can be found as 
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where e0, n0, and u0 are the east, north, and up 
directions of the satellite with respect to the user 
position. One can select all the satellites above a 
certain elevation angle, such as 5◦, as the observable 
satellites in the sky. 
 
III. NAVIGATION DATA 
 
The components are 300 bit sub frames, each with a 
message type designator. For L2C, which sends data 
at 25 bps, each subframe requires 12 seconds to 
transmit. Each message is composed by fixed data 
such as a Preamble, Message Type ID, Alert Flag, 
Message TOW count and CRC which lets 238 bits to 
be filled with other navigation related data. It is 
possible to define up to 63 different message types, 
but currently only the messages types 10-14 and 30-
37 are defined. The remaining undefined and unused 
message types are reserved for future use. Broadcast 
of messages is completely arbitrary, but sequenced to 
provide optimum user performance. Type 4 almanac 
messages currently defines only one satellite orbit at a 
time. One proposal would add a Type 6 almanac 
message to provide orbit parameters for seven 
satellites in one subframe. In addition, alternatives are 
being considered which would replace the Type 1 and 
Type 2 ephemeris messages with only one subframe 
providing better accuracy and a longer validity 
period. Each of these changes will particularly benefit 
L2C users because of its 25 bps data rate. The 
message types defined to date are: 

 
• Type 1 = Ephemeris message part 1 
• Type 2 = Ephemeris message part 2 
• Type 3 = Ionosphere, time biases, health bits, etc. 
• Type 4 = Almanac 
• Type 5 = Free form text message 

 
IV. L2C SIGNAL STRUCTURE 
 
The linear shift register logic is used to generate the 
CM and CL codes. Fig.1 shows the L2CM/L2CL 
shift register configuration. Each shift register has 27 
stages with twelve feedback taps. However, the CM 
and CL codes are produced by initializing the shift 
register to the specified initial state and short-cycling 
back to that state after the defined chip count or after 
detecting the specified final state. A total of 100 each 
CM and CL codes have been defined, of which 37 
pairs are published in the proposed revision to ICD-
GPS-200. The L2C signal is composed of two 
ranging codes, namely L2 CM (moderate) and L2 CL 
(long). The L2 CM code is 20 milliseconds long and 
contains 10230 chips while the L2 CL code has a 
period of 1.5 seconds, containing 767250 chips. The 
CM code is modulo-2 added to data (i.e. it modulates 
the data) and the resultant sequence of chips is time-
multiplexed with CL code on a chip-by-chip basis. 
The individual CM and CL codes are clocked at 
511.5 kHz while the composite L2C code has a 

frequency of 1.023 MHz. Code boundaries of CM 
and CL are aligned and each CL period contains 
exactly 75 CM periods. 

 

 
Fig. 1. L2CM/L2CL Shift Register Generator Configuration 

 
V. GENERATION OF L2C SIGNAL 

 
The carrier of 8MHz is generated, together with CM, 
CL code and navigation message, it creates a 
digitized intermediate frequency signal (DIF). Fig.2. 
shows a signal generator where the L2C signal for 
one satellite is generated. Similarly this is done for 32 
satellites with different values and L2C signal is 
generated in 32 channels. That signals will be mixed 
according to the visible satellite and then generate a 
real time L2C signal of frequency 1227.60MHz. 
 

 
Fig. 2. L2C Signal Generator 

 
CONCLUSION 
 
In this paper, the generation of L2C signal for GPS 
navigation system is explzined. The signal is 
generated on an lab set up so as to have a complete 
control over various factors of the signal. The number 
of visible satellites for a given location and time is 
found out using the algorithm. Out of 32 GPS 
satellite not more than 12 or less than 4 satellites will 
be visible. CM and CL code generation and 
navigation data generation is carried out in VHDL 
and is dumped into Vertex 5 FPGA using PPC440 in 
order to generate L2C signal in real time. 

 
REFERENCES 

 
[1] ICD 200C  
[2] James Bao – Yen Tsui, “Fundamentals Ofglobal Positioning 

System Receivers – A Software Approach”, John Wiley & 
Sons, Inc  

[3] Deuk Jae Cho , Chansik Park, Sang Jeong Lee, “An Assisted 
GPS Acquisition Method using L2 Civil Signal in Weak 
Signal Environment” 



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-8, Aug.-2015 

Real Time Generation Of L2c Signal For Global Positioing System 
 

118 

[4] Liliána Sükeová, Marcelo C. Santos, Richard B. Langley, 
Rodrigo F. Leandro, Okwuchi Nnani, Felipe Nievinski, “GPS 
L2C Signal Quality Analysis” 

[5] Richard D. Fontana,  Wai Cheung,  Paul M. Novak, Tom 
Stansell, “ The New L2 Civil Signal”,  Proceedings of the 
ION 2001 International Technical Meeting, 617-631, 2001 

[6] Richard D. Fontana,  Wai Cheung,  Tom Stansell , “The 
Modernized L2 Civil Signal”, GPS World Magazine, 28-34, 
2001  

[7] Mallen B, Personal Communication. Trimble Canada Ltd, 
2007. 

 
 
 
 
 
 
 
 
 
 
 

 
 


