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The Global Positioning System (GPS) satellite signals provide not only traditional 

radionavigation service but inexpensive and convenient radio beacons for signal 

propagation studies on ionosphere and atmosphere.  This thesis describes the 

development and testing of a specialized GPS sensor which measures, plots and records 

real-time high-resolution L1 (1575.42MHz) GPS signal strength at a data rate of up to 

10Hz.  The instrument is based on an open architecture GPS receiver development kit 

that can be modified and rebuilt.  The signal strength is defined as mean-square signal 

strength in the thesis.  The coarse/acquisition code (C/A-code) correlation is applied and 

the raw correlation data from a GPS correlator chip is obtained to calculate the signal 

strength.  The gain variation of the automatic gain control (AGC) in the GPS signal link 

is considered, and a model is designed and implemented in data post-processing to reduce 

the AGC distortion to GPS signal strength measurements.  Speed limitation of 1,000 

knots and height limitation of 60,000 feet are removed so that it can track spacecraft such 



as low earth orbit (LEO) satellite.  Four testing plans are developed and conducted to test 

the GPS signal strength sensor.  A GPS simulator is used and the testing results prove 

that the space-borne sensor is fully operational and the signal strength resolution can be 

smaller than 0.05dB.  Additionally, a COM-port-to-TCP/IP GPS simulation remote 

control gateway is designed and implemented for the senor and the GPS simulator to 

conduct formation flying.  A graphic user interface (GUI) program is also built to retrieve 

data from a commercial high-performance space-borne GPS receiver for comparison.  A 

Red Hat Linux signal strength sensor based on the National Aeronautics and Space 

Administration (NASA) PiVoT GPS receiver is achieved by modifications.  The NASA 

PiVoT sensor, working together with the former signal strength sensor and the 

commercial space-borne GPS receiver, will strengthen our academic research strength in 

the studies on the ionospheric and atmospheric effects and irregularities which cause GPS 

signal degradation and scintillations.   
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CHAPTER 1 
INTRODUCTION 

The Global Positioning System (GPS) is a space based time-of-arrival (TOA) 

radionavigation system.  It estimates a position by measuring distances using trilateration.  

The distances or range measurements can be calculated by signal transit times from GPS 

satellites to a receiver. 

However, the ionosphere affects GPS receivers by introducing group delays into 

the GPS signals.  Free electrons in the ionosphere change the refractive index and slow 

the propagation of the ranging signals.  The greater the total electron content (TEC), the 

more phase advance and group delay the GPS signal experiences, and thus the larger 

ranging and carrier phase measurement errors.  Furthermore, if the ionosphere is not 

smooth but contains electron density irregularities, the GPS signals give rise to phase and 

amplitude scintillations at GPS receivers, and then more measurement errors are 

introduced. 

The atmosphere, unlike the ionosphere, contains extremely small amount of 

electrons, so the GPS signal propagation in the atmosphere is not significantly affected.  

However, the water vapor, temperature, and pressure especially in the lower atmosphere 

or troposphere do generate some ranging errors. 

In order to investigate the ionospheric effects and scintillations, and atmospheric 

effects at L1 GPS frequency (1575.42MHz), a GPS signal strength sensor, base on the 

Mitel GPS Builder-2.1TM development kit, has been developed and tested. 
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This thesis focuses on the implementation and testing of the GPS sensor.  

Applications and operations of the sensor will be left for future work. 

In addition, we choose the Mitel GPS Builder-2.1TM because many commercial 

receivers do not provide indicators of signal strength that are suitable for research 

purpose.  The given indicators are often too coarse, which will be demonstrated in 

CHAPTER 6, while the GPS Builder has the capability of providing high-resolution 

measurements of signal strength.   

The following sections briefly describe the background of the GPS system that is 

related to the GPS signal strength measurements.   

Global Positioning System Architecture 

GPS comprises of three segments: the control segment, the space segment and the 

user segment.  Figure 1-1 illustrates how the three segments fit together.   

t 
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Figure 1-1. GPS three segments: the control segment, the
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The space segment consists of GPS satellites, their precision clocks, and downlink 

signals including the GPS navigation message and the coarse/acquisition code (C/A-

code).  The baseline constellation comprises 24 satellites in nearly circular orbits with a 

radius of about 26,560 km and a period of approximately 12 hours.  The satellite 

constellation is shown in Figure 1-2.  It has six orbital planes and each orbit has four 

primary satellites.  According to the U.S. Naval Observatory [1], there are currently 28 

operational Block II/IIA/IIR satellites.  Table 1-1shows the individual satellite status that 

is updated every working day.  Figure 1-3 shows the satellite constellation from the 

Spirent GSS6560 multi-channel GPS/SBAS simulator.  It may not be as same as the real 

constellation, but the only difference is the number of operational satellites.   

 
 

Figure 1-2. The space segment has six orbital planes and each orbit has four primary 
satellites. 

The GPS signal strength sensor will primarily detect and measure the downlink 

signals from the GPS satellites in the space segment.  Each GPS satellite has a 

pseudorange noise (PRN) code and space vehicle (SV) number, which can be found in 

Table 1-1.  We will use the SV number to identify the satellite to be measured later.   
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Table 1-1. Current Block II/IIA/IIR satellites with PRNs, SVNs and orbital planes. 
Launch Order PRN SVN Launch Date Freq Std Plane Space Command
II-2 2 13 10-Jun-89 Cs B5 20061
II-5 17 17 11-Dec-89 Rb D6 20361
II-9 15 15 1-Oct-90 Cs D5 20830
IIA-10 23 23 26-Nov-90 Cs E5 20959
IIA-11 24 24 4-Jul-91 Cs D1 21552
IIA-12 25 25 23-Feb-92 Cs A2 21890
IIA-14 26 26 7-Jul-92 Rb F2 22014
IIA-15 27 27 9-Sep-92 Rb A4 22108
IIA-16 1 32 22-Nov-92 Cs F4 22231
IIA-17 29 29 18-Dec-92 Rb F5 22275
IIA-19 31 31 30-Mar-93 Rb C3 22581
IIA-20 7 37 13-May-93 Rb C4 22657
IIA-21 9 39 26-Jun-93 Cs A1 22700
IIA-22 5 35 30-Aug-93 Rb B4 22779
IIA-23 4 34 26-Oct-93 Rb D4 22877
IIA-24 6 36 10-Mar-94 Cs C1 23027
IIA-25 3 33 28-Mar-96 Cs C2 23833
IIA-26 10 40 16-Jul-96 Cs E3 23953
IIA-27 30 30 12-Sep-96 Rb B2 24320
IIA-28 8 38 6-Nov-97 Rb A3 25030
IIR-2 13 43 23-Jul-97 Rb F3 24876
IIR-3 11 46 7-Oct-99 Rb D2 25933
IIR-4 20 51 11-May-00 Rb E1 26360
IIR-5 28 44 16-Jul-00 Rb B3 26407
IIR-6 14 41 10-Nov-00 Rb F1 26605
IIR-7 18 54 30-Jan-01 Rb E4 26690
IIR-8 16 56 29-Jan-03 Rb B1 27663
IIR-9 21 45 31-Mar-03 Rb D3 27704
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 constellation (22:36:36 UTC – 22:58:53 UTC, 06/29/03).  
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The control segment monitors and controls the satellite orbits, maintains satellite 

health and GPS time, predicts satellite ephemerides and clock parameters, and updates 

the satellite navigation message.  It has three elements: master control station (MCS), 

monitor stations, and ground antennas.  The master control station is the heart of the 

control segment and is located in Colorado Springs.  Figure 1-4 shows the control 

segment distribution around the globe. 

 

Colorado Springs 

 
Figure 1-4. The control segment with the mast control station in Colorado Springs. 

The control segment, however, cannot control the GPS satellite motion completely 

because of the irregular mass and gravity distribution of the Earth, the effects of lunar and 

solar masses, etc.  For example, the GPS satellites can hardly return to the exact positions 

of the previous day as theoretically designed.  This will be demonstrated in the later 

sections. 

GPS Coordinate Frames 

GPS receivers primarily use two reference frames: the Earth-Centered Earth-Fixed 

(ECEF) frame and the World Geodetic Survey 1984 (WGS-84) frame.  The ECEF frame 

is an orthogonal Cartesian frame while the WGS-84 is an ellipsoidal approximation to the 

Earth’s surface for determining latitude, longitude and altitude.  The fundamental 
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constants for WGS-84 coordinate system are shown in Table 1-2.  The ECEF frame is 

defined by the rotational axis of the Earth (z-axis) and the ray from the center of the Earth 

through the equator at 0o longitude (x-axis).  The y-axis completes the right-hand 

coordinate system.  The relationship of the WGS-84 reference frame to the ECEF 

coordinate system is shown in Figure 1-5.   

Table 1-2. WGS-84 Fundamental Parameters 
Parameter Value 
Ellipsoid semi-major axis (a) 6378137.0 m 
Ellipsoid semi-minor axis (b) 6356752.31425 m 
The Earth’s angular velocity (ωE) 7292115.0×10-11 rad/sec 
Speed of light in vacuum (c) 2.99792458×108 m/s 

 

GPS Satellite 

z (ECEF) Up 

North Pole Elv
Azi

North 
East h 

o90 o90

N Greenwich

φ )(Lat
)84( −WGSN 0o 

S 0o PlaneEquatorial y (ECEF) 
λ )(Lon

)84( −WGS

W0o
E0o Equator 

x (ECEF) 

South Pole

Figure 1-5. The ECEF coordinate system (x, y, z), the WGS-84 coordinate system (λ, φ, 
h), and the receiver’s local coordinate system (Azimuth, Elevation).  
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Appendix A Table A-1 lists the modified function converting from the ECEF 

coordinate system (x, y, z) to the WGS-84 coordinate system (λ, φ, h) from the module 

POSTIME.C in C language.  The corresponding equations are given by 

22 yx +=ρ )1.1(                                    

( )222 1 abe −= )1.2(                                   

⎟
⎟

⎠

⎞

⎜
⎜

⎝
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⎞
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⎝

⎛
+

−=
−

−

12
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hN
Nez

ρ
φ )1.3(                          

( )xy /tan 1−=λ )1.4(                                   

The GPS signal strength data from the sensor will be combined with the position 

data in the ECEF and/or WGS-84 coordinate systems and be compared and contrasted 

from time to time to show the change in the ionosphere and troposphere.  As mentioned 

before in this chapter, GPS is a time-of-arrival radionavigation system, so the time in 

GPS is very important and the time reference will be discussed next. 

GPS Time Reference 

A solar day is the interval between transits of the apparent or mean sun across the 

meridian at any place and it is a period of one mean solar day containing 24 hours of 

solar minutes and seconds [2]. 

Mean solar time or UT0 is actually measured at an observatory and subject to the 

effects of both the Earth’s irregular spin rate and polar motion. 

UT1 is based on corrected UT0.  The corrections are determined from observatories 

around the globe.   

The time scale based on cesium atomic clock standards is universal time 

coordinated (UTC).  UTC is now the new Greenwich mean time (GMT), which is defined 
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with respect to the Greenwich meridian or 0o longitude.  UTC was set to agree with UT1 

at 00 hours on January 1, 1958. 

Another time scale defined with respect to the apparent motion of the stars fixed in 

inertial space is sidereal time.  It is based on the rotation of the Earth.  Sidereal time is 

more useful for analyzing the motion of GPS satellites.  It is not of constant length, so 

astronomers define mean sidereal time, which is equal to 23 hours, 56 minutes, and 

4.0954 seconds or 86164.0954 seconds of mean solar time.  The orbital period of a GPS 

satellite is one-half of a sidereal day (12 sidereal hours), and after two revolutions around 

the Earth, each satellite will return to nearly the same spot.  It is not the exactly same spot 

because of some uncertain elements mentioned before and this will be verified by the 

field measurements later.  Figure 1-6 illustrates the trajectory of GPS satellite SV#5 in a 

sidereal day.  The data was taken at 22:36:47 UTC on June 29, 2003, and the GPS theory 

[4] is applied to predict and plot the satellite trajectory. 

 

Start and 
end location 
for SV#5 

 

Figure 1-6. One
June 

 

* represents
positive  
elevation  
 

negative elevation  

-sidereal-day theoretical trajectory for SV#5, starting at 22:36:47 UTC on 
29, 2003. The theoretical orbital period is half of 86155.8 s.  
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The theoretical orbital period of SV#5 can be obtained from the theoretical 

trajectory data and it is half of 86155.8 seconds.  The official mean sidereal day is 

86164.0954 seconds and the difference is 86164.0954 – 86155.8 = 8.2954 seconds. 

GPS time, like UTC, is based on measurements from a set of cesium and rubidium 

frequency standards in use at the monitor stations and aboard the GPS satellites.  GPS 

time is defined in terms of the week number and number of seconds of the week.  There 

are 604800 seconds in a GPS week.  The GPS week field in the GPS navigation message 

is modulo 1024, so week-rollover occurs every 1024 weeks.  The first GPS cycle of 1024 

weeks began at 00:00:00 UTC, on January 6, 1980.  The GPS navigation message 

includes the time difference between UTC and GPS time and it also includes leap 

seconds.  GPS receivers can use these parameters to calculate UTC time from GPS time.  

Appendix A Table A-2 shows a part of C language source code to calculate UTC 

time from GPS time obtained from the GPS receiver. 

As mentioned before, sidereal time is more useful for analysis of GPS satellite 

motions.  A sidereal day can be calculated by GPS time through the GPS signal strength 

sensor.  Figure 1-7 shows the multipath signals taken from SV#5 on June 29th, 30th, July 

1st, and July 2nd, respectively.  We can see that the multipath signal is repeated every 

sidereal day.  If nothing has changed within the vicinity of the antenna, the “sinusoidal” 

multipath signals replicate themselves and they can be used as an indicator of one 

sidereal day.  The GPS time and multipath signal data at the highest peaks is extracted 

and listed in Table 1-3.  The average measured sidereal day is 86155.5451479 seconds, 

about 8.55 seconds less than the official mean sidereal day.  Similarly, more data taken 
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from July 18th to July 24th is listed in Table 1-4 and the average sidereal day is 

86155.27662568334 seconds, about 8.82 seconds less than the official mean sidereal day. 

0

GPS 
time 

Figure 1-7. Multipath signa
time and SS stan

Table 1-3. Average orbital 
official mean sid

GPS Time (s) 
GPST1 = 81420.77938
GPST2 = 167574.3579
GPST3 = 253730.0364
GPST4 = 339887.4148

 
Table 1-4. Average orbital 

official mean sid
GPS Time (s) 
GPST1 = 508778.7481
GPST2 = 594938.2249
GPST3 = 76289.10163
GPST4 = 162447.5782
GPST5 = 248601.0548
GPST6 = 334756.6313
GPST7 = 420910.4078

 

 

GPST1 = 81420.779380
4

GPS 
time 
GPST2 = 167574.357950
9

GPS 
time 
GPST3 = 253730.036441
 7

GPS 
time 
GPST4 = 339887.414823
l repli
ds fo

period
ereal

00 
504 
419 
237 

period
ereal

106 
010 
26 
834 
206 
497 
647 
SS = 6208594
SS = 6448986
r

 

 

SS = 5294494
SS = 5431269
 
cates itself every sidereal day. GPST stands for GPS 
 signal strength. 

 of SV#5 is 86155.54515/2 s (06/29-07/02/03) while 
day is 86164.0954 s (or 23 h, 56 m, and 4.0954 s) 
Observed Sidereal Day (s) Signal Strength 

– 6208594 
GPST2–GPST1 = 86153.5785704 6448986 
GPST3–GPST2 = 86155.6784915 5294494 
GPST4–GPST3 = 86157.3783818 5431269 

 of SV#5 is 86155.27663/2 s (07/18-07/24/03) while 
day is 86164.0954 s (or 23 h, 56 m, and 4.0954 s) 
Observed Sidereal Day (s) Signal Strength 

– 5315566 
GPST2–GPST1 =86159.4767904 5421516 
GPST3+(604800-GPST2)=86151 5497822 
GPST4–GPST3= 86158.4766508 5258009 
GPST5–GPST4= 86153.4765372 5073747 
GPST6–GPST5= 86155.5765291 4914402 
GPST7–GPST6= 86153.7765150 5457763 
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In order to verify the measured average sidereal days, GPS theory [4] is applied to 

predict a satellite position and calculate a sidereal day.  The calculation needs the 

ephemeris data taken at 22:36:47 UTC on 06/29/2003 from the GPS sensor.   

In Table 1-5, the first row is the current satellite position (Elevation and Azimuth) 

and the following rows are the predicted satellite positions after an approximate sidereal 

day.  From the table we can see that the Elevation/Azimuth difference between row 1 and 

row 4 is minimal, ∆Elv = 0.00012o, ∆Azi = 0.000049o, respectively.  Then, we can 

calculate the approximate sidereal day by subtracting two GPS times in row 1 and row 4: 

167575.80 – 81420.00 = 86155.8 seconds. This value is very close to the measured 

orbital period of 86155.54515 seconds by the multipath signals. 

 

Table 1-5. Orbital period prediction for SV#5 is 86155.8/2 s while the official mean 
sidereal day is 86164.0954 s. The measured orbital period is 86155.54515/2 s. 

GPS Time Elevation Azimuth ∆Elevation ∆Azimuth 
  81420.00 12.89111013885293 41.31768486523063 – – 
167575.00 12.89521210875083 41.31996559022576  0.00410  0.002281 
167575.32 12.89388535247242 41.31922158097484  0.00278  0.001537 
167575.80 12.89123178082749 41.31773375524052  0.00012  0.000049 
167575.92 12.89056837560808 41.31736183896555 -0.00054 -0.000323 
167583.96 12.84610902793903 41.29248002888167 -0.04500 -0.025205 

 
Similarly, Table 1-6 show the predicted sidereal days for different GPS satellites. 
Table 1-6. Orbital period prediction for SV#30 is 86148.84/2 s while the official mean 

sidereal day is 86164.0954 s. 
GPS Time Elevation Azimuth ∆Elevation ∆Azimuth 
  81420.00 36.09089268393376 58.86141467736836 – – 
167568.84 36.07423352041258 58.86016533945866 -0.0167 -0.00125 
167575.00 36.04801606688874 58.81368465356017 -0.0429 -0.0477 
167575.32 36.04700681270037 58.81189832767473 -0.0439 -0.0495 
167575.80 36.04498810657252 58.80832598544534 -0.0459 -0.0531 
167575.92 36.04448338884640 58.80743296437651 -0.0464 -0.0540 
167583.96 36.01062980227816 58.74765932159782 -0.0803 -0.1138 
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Table 1-7. Orbital period prediction for SV#16 is 86150/2 s while the official mean 
sidereal day is 86164.0954 s.  

GPS Time Elevation Azimuth ∆Elevation ∆Azimuth 
  81420.00 16.27206409275714 188.5817217893013 – – 
167568.84 16.25433481030009 188.5689636415949 -0.0177 -0.0128 
167575.00 16.29915622829653 188.5654459848649  0.0271 -0.0163 
167575.32 16.30088041324119 188.5653109837012  0.0288 -0.0164 
167583.96 16.36296508887094 188.5604654014706  0.0909 -0.0213 

 
Other satellites are carefully examined and the orbital periods of different satellites 

are different.  However, no satellite has the orbital period of more than the mean sidereal 

day of 86164.0954 seconds.  Actually, the orbital period depends on the control of master 

station, the radius of orbit, irregularities of the Earth, etc.  It is not precisely half of a 

sidereal day.  It can also be seen that GPS satellites do not follow the exactly same track 

across the sky on successive days.  In order to see the consistency, the Spirent GSS6560 

multi-channel GPS/SBAS simulator is used to verify the result.  Figure 1-8 shows the 

detailed information about all the GPS satellites in view.  The antenna is specified at 

(Latitude=37.23107, Longitude=-80.424233, Height=638.47). The pseudorange is 

23682266.8 m, the elevation is 19.3o, and the azimuth is 46.0o at 22:16:30 UTC on 

06/29/2003.  If we track the SV#5 information, we can find out that after 86154 seconds 

instead of 86164.0954 s, SV#5 will reach the position closest to that of the previous day. 

The comparison is shown in Table 1-8.  ∆GPS Time in the table is the GPS time 

difference between the first row and the following rows.  ∆PR is the pseudorange 

difference between the first row and the following rows. 
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Figure 1-8. For SV#5, the pseudorange is 23682266.8 meters, the elevation is 19.3o, and 
the azimuth is 46.0o at 22:16:30 UTC on 06/29/2003.  

 

Table 1-8. Pseudorange comparison between four instants. SV#5 will reach the closest 
position to that of the previous day after 86154 seconds.  

∆GPS Time ∆PR Date UTC Pseudorange Elevation Azimuth PR Rate 
– – 06/29/03 22:16:30 23,682,266.8m 19.3o 46.0o 486.92 

86155 s 445.7m 06/30/03 22:12:25 23,681,821.1m 19.3o 46.0o 478.91 
86154 s   42.3m 06/30/03 22:12:26 23,682,309.1m 19.3o 46.0o 478.99 
86153 s 530.3m 06/30/03 22:12:27 23,682,797.1m 19.3o 46.0o 488.08 
 
 

 



CHAPTER 2 
GPS SIGNAL CHARACTERISTICS 

This chapter describes some characteristics of GPS signal that related to the 

development of the GPS signal strength sensor.  GPS uses specially designed long 

sequence to modulate the GPS navigation message.  It is called direct sequence (DS) 

code division multiple access (CDMA).  The long sequence at the much higher data rate 

than the modulated message is a direct sequence spread spectrum (DSSS) code, which is 

purposely designed to appear random like noise but actually not, and which is thus called 

pseudorandom noise (PRN) code.  Each GPS space vehicle (SV) or satellite is assigned a 

dedicated PRN code.  All the codes are transmitted at the same carrier frequencies, but 

they do not interfere significantly with each other because of the correlation properties of 

the PRN codes.  Two different PRN codes are almost completely uncorrelated and thus 

they are used for multiple access. 

Concepts of CDMA Multiple Access 

CDMA is a type of multiple access scheme assigning each user a PRN code with 

good auto- and cross-correlation properties.  Although the PRN code has much greater 

bandwidth W than the information rate R in bits/s, that is, the bandwidth expansion factor 

Bc = W/R is much greater than unity and the bandwidth efficiency ηB = R/W is very low, 

the code is very efficient and the coding gain is very high, and then the PRN code allows 

multiple users to simultaneously use a common channel for transmission of information.  

In GPS, all the CDMA signals shares the same carrier frequencies in the L band without 

severe interference from each other because GPS uses carefully selected PRN codes, for 

14 
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example, Gold codes.  Figure 2-1 shows the simplified binary phase-shift keying (BPSK) 

DSSS transmitter in a GPS satellite in the space segment.   is the GPS navigation 

message, which will be modulated by the coarse/acquisition (C/A) PRN code  and 

the L1 carrier 

)(tb

)(tc

)cos( 1tLω  as well.  After the first-stage mixing, the spectrum of the GPS 

navigation message is spread.  After the last-stage mixing, the RF signal is delivered to 

the transmitting antenna and it will go through the ionosphere and atmosphere to reach 

the user segment.  

 

 

)(tb )cos()()()( 1ttbtcts Lw ω=)()()( tctbtsn =

GPS 
navigation 
message 

)(tc )cos( 1tLω
C/A 
code 

local oscillator   
(L1: 1575.42MHz) 

code generator 

Figure 2-1. Simplified BPSK direct sequence spread spectrum (DSSS) transmitter in a 
GPS SV in the space segment. 

Figure 2-2 shows the destination of the transmitted GPS RF signal – a simplified 

BPSK DSSS GPS receiver. 

 

∫
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2
1)(ˆ tctbAtsn ⋅=

)cos()()()(ˆ 1ttbtcAts Lw ω⋅=
)(

2
1)(ˆ tbTAtb b ⋅⋅=

GPS 
navigation 
message 

)(tc)cos( 1tLω

C/A 
code 

 
local oscillator   
(L1: 1575.42MHz) 

code generator 

Figure 2-2. Simplified BPSK DSSS GPS receiver in the user segment. Tb is the GPS 
navigation message b(t) chipping period.  
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If we assume there is no frequency shift, no phase shift, no noise, no interference, 

etc, or we assume the received GPS signal is )cos()()()(ˆ 1ttbtcAts Lw ω⋅= , then after the 

first-stage mixing and filtering, we get the intermediate signal: 

)()(
2
1)cos()cos()()()(ˆ 11 tbtcAtttbtcAts

filtering

LLn ⋅=⋅⋅= ωω  

If the local C/A code generator in the GPS receiver can reproduce the exact C/A 

code and track the intermediate signal above, we can restore the navigation message: 

b

TT
TtbAtctbAtbtcAtctb bb ⋅⋅=⋅⋅=⋅⋅= ∫∫ )(

2
1)()(

2
1)()(

2
1)()(ˆ

0

2

0
 

where Tb is the GPS navigation message b(t) chipping period. 

The analysis above is the simplest and the assumption is not true in practice.  

Actually, it is almost impossible there is no Doppler frequency shift because of the 

relative movement between a GPS satellite and a receiver.  A phase shift may be 

measured by a phase-locked loop, but most of the time the GPS signal is buried under the 

noise and the phase information will remain unknown.  The thermal noise is also 

inevitable.  However, we only focus on the basic concepts of the CDMA systems and will 

continue using the above assumptions.  

If the other GPS DSSS signals appear at the receiving antenna, they will be 

interferences to the desired signal.  The demodulation can be modeled as the following: 

∑
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where the subscript k denotes the desired signal, dttctc
T

bT

ki
b

ik ∫=
0

)()(1ρ  is the cross-

correlation, and is called multiple access interference (MAI).  Figure 2-3 

shows the modeling.  For a set of well designed PRN codes like the C/A Gold codes, 

MAI can usually be neglected compared to the desired autocorrelation part.   

∑
≠

⋅
ki

bikii TtbA ρ)(

∫
bT

0

 

)()()( tctbts kknk = )cos()()()( 1ttbtcts Lkkwk ω=
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code 
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)(tci )cos( 1tLω
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)(tc j )cos( 1tLω
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code ∑
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iii ttbtcA

1
0 )cos()()( ω

Ionosphere (delay, scintillation, etc) )(1 tn
Atmosphere (water vapor, temperature, etc) )(2 tn
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C/A 
code 

Figure 2-3.  Simplified multiuser BPSK DSSS GPS system modeling.   
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In Figure 2-3, )()(
2
1)(

2
1)(ˆ tnTtbATtbAtb

ki
bikiibkkk +⋅+⋅⋅= ∑

≠

ρ  and the second item 

in it is the MAI.  We can see that the autocorrelation dttctc
T

bT

ii
b

i ∫=
0

)()(1ρ  and cross-

correlation dttctc
T

bT

ki
b

ik ∫=
0

)()(1ρ  play a very important role in the system.  The properties 

of them determine the performance of the system.   

However, the above model assumes that all the signals are synchronous.  There is 

no phase shift or uncertainty for all of them and the system is called synchronous DS-

CDMA system.  In practice, most CDMA systems are asynchronous.  That is the relative 

delays of signals coming from different users or GPS SVs are arbitrary.  In order to 

deepen the understanding of the actual GPS signals and the processing, we do the 

analysis again, but this time we will also consider the digital signals that are used in the 

real system.  

Let’s assume the navigation message from the kth SV is 

∑
−=

−=
M

Mm
bTkk mTtUmbtb

b
)()()(  

where T is the duration of a message bit, UTb(t) is the unit rectangular pulse with the 

width of Tb seconds, and 2M+1 is the number of navigation message bits.  bk(m) is the 

digital bipolar data within the message content {bk(-M), bk(-M+1), …, bk(M-1), bk(M)}.   

Assume the C/A-code from the kth SV is Ck and the code length is N (=1023 bits).  

We use  to denote the code bit at the instant of j·Tc.  And then the C/A-code waveform 

is given by  

j
kC
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where 
cTψ is the normalized rectangular pulse with the width of Tc seconds, 1Lω  is the L1 

carrier frequency, and kϕ is the random phase of the carrier.  

Then the transmitted signal of the kth GPS SV is given by 

∑
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−−=
M

Mm
kbkkckk mTtCmbEtx )()()( τ  

where kτ is the time delay of the kth SV signal, and is the transmitted energy per chip.  

Here we assume the ideal carrier phase and frequency tracking in the GPS receiver and 

then neglect the carrier item to simplify the analysis. 

ckE

The received waveform after the signal propagation through the ionosphere and 

atmosphere is then given by 
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where  is the attenuation of the kth signal due to the propagation and K is the number 

of the GPS satellite signals reaching the receiving antenna. 

kA

After code tracking of the kth C/A-code, the GPS receiver gets the output samples: 
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where nk(m) is the Gaussian noise sample at the sampling instant m.  The first item 

represents the scaled BPSK modulated desired signal, while the second item represents 

multiple access interference.  The output samples can be further written as 

)()()()()(
1

mnmiibAEmbAEmy k

M

Mi
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kj
j

jkjjcjkkckk +−+= ∑ ∑
−=

≠
=

ρ  

where jkρ is the cross-correlation of the C/A codes defined as 
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Similarly, the autocorrelation is ∫ ⋅⋅⋅===
bT

k
b

k KkdttC
T 0

2 ,,11)(1ρ  

For a well synchronized system, time offsets are approximately equal to zero and 

the cross-correlations are almost equal to zero. kjjjk ≠= 0)(ρ  

Then, we get the decision variable Yk , which will be used to determine the GPS 

navigation message bits.  
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where Gp is the number of chips per message bit, which is usually equal to the code 

sequence length N (NC/A = 1023 bits). 

Finally, we get the navigation message bits transmitted by the kth GPS SV: 
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In GPS, the bipolar message  will be converted to logic 0s and 1s in order to 

let the microprocessor store and process the data easily.  

)(ˆ mbk
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mbmb

k
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The whole analysis above can be seen in the Mitel GPS Builder-2.1TM development 

kit.  As to the signal strength measurement, it is closely related to the analysis and will be 

shown in CHAPTER 4.  

Figure 2-4 and Figure 2-5 show the BPSK GPS IF signal at the carrier frequency of 

fc = 4.31MHz.  The GPS L1 RF signal is generated by a GPS simulator and 

downconverted to the IF by a front end that will be introduced in CHAPTER 3.  The 

C/A-code clock rate is 1023MHz, so one C/A-code bit contains about 4 carrier periods.   

 

One C/A-
code bit 

One C/A-code 
bit 

One C/A-code 
bit 

One C/A-
code bit 

One C/A-
code bit 

Figure 2-4. SV#1 C/A-code modulated GPS IF signal wth fc = 4.31MHz, measured by the 
Agilent 54622D mixed signal oscilloscope. The C/A chip rate is 
1.023Mbps.There are five bits 11010 or 00101 in it. 
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Figure 2-5. SV#1 C/A-code modulated GPS IF signal wth fc = 4.31MHz, measured by 
the Agilent 54622D mixed signal oscilloscope. 
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If all the asynchronous GPS satellites’ signals are transmitted at the same time, 

there is no regular waveform for one bit, which is shown in Figure 2-6.  But with the DS-

CDMA demodulation, all the information can be recovered.  

 

 

Figure 2-6. All the GPS satellites' CDMA signals are transmitted at the same time. 
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GPS Satellite Signal Summary 

The coarse/acquisition code (C/A-code) consists of a 1023 bit PRN code with a 

clock rate of 1.023MHz.  It repeats every 1 ms.  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 precision code (P-code).  The C/A-code is 

selected from a set of Gold codes, which are mathematically designed to minimize cross-

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

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

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

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 L2.  On L1, 

the P(Y)-code is 90o out of the C/A-code carrier phase. 

A 50 Hz navigation message is superimposed on both the P(Y) code and 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 

handover 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.  The navigation message consists of 25 frames of data, each frame 

consisting of 1,500 bits.  Each frame is divided into 5 subframes of 300 bits each.  At the 

50 Hz transmission rate, it takes 6 seconds to receive a subframe, 30 seconds to receive 

one data frame, and 12.5 minutes to receive all 25 frames.  Subframes 1, 2, and 3 have 

the same data format for all 25 frames.  This allows the receiver to obtain critical 

satellite-specific data within 30 seconds.  Subframe 1 contains the clock correction for the 
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transmitting satellite, as well as parameters describing the accuracy and health of the 

broadcast signal.  Subframes 2 and 3 contain ephemeris (precise orbital) parameters used 

to compute the location of the satellite for the positioning equations.  Subframes 4 and 5 

have the data which cycle through the 25 data frames.  They contain data which is 

common to all satellites and less critical for a receiver to acquire quickly.  Subframes 4 

and 5 contain almanac (coarse orbital) data and low-precision clock corrections, 

simplified health and configuration status for every satellite, user text messages, and the 

coefficients for the ionospheric model and UTC calculation. 

Satellite Signal Modulation Summary 

The L1 carrier is BPSK modulated by both the C/A-code and P(Y)-code plus the 

navigation message.  The L2 carrier is BPSK modulated by the P(Y)-code superimposed 

with the navigation message.  On L1, the C/A-code is 90o out of phase with the P(Y)-

code.  Figure 2-7 shows the modulation scheme.   

φ 90ο 

L1 carrier 
1575.42MHz  

C/A-code 
1.023MHz 

navigation 
message   

50Hz 

P(Y)-code 
10.23MHz 

L2 carrier 
1227.60MHz 

Figure 2-7. GPS satellite signal modulation. 
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In the figure, the L1 link consists of two BPSK carrier components: in-phase and 

quadrature.  The in-phase component is modulated by a P(Y)-code and the quadrature 

component is modulated by a C/A-code.  It is a typical BPSK DS-CDMA system. 

GPS RF Signal Power Budget 

The received minimum RF signal strength for C/A code on L1 is –130.0 dBm and 

on L2 is –136.0 dBm.  For the P(Y) code, it is –133.0 dBm and -136.0 dBm on L1 and 

L2, respectively.  The transmitted signal is right-hand circularly polarized (RHCP).  The 

received minimum power at unity gain RHCP antenna is -129.6 dBm for C/A-code on L1 

and -132.6 dBm for P(Y)-code on L1. 

Table 2-1 tabulates the navigation satellite signal power budget for the BLK II GPS 

satellites adapted from [5] using the minimum user received power levels as the starting 

point.  It shows the output power levels at the worst case of the beacon off-axis angle of 

14.3o and for the assumed worst case atmospheric loss of 2 dB.  From Table 2-1 we can 

also get some concepts about the approximate level of the total atmospheric loss, antenna 

pattern, minimum received power at the antenna, antenna polarization, etc.  We mention 

the antenna pattern here because we want to emphasize that the GPS signal strength is not 

linearly related to the elevation degree, the distance between the receiver and GPS 

satellite, or other parameters associated with the signal propagation path.  The patterns of 

transmitting and receiving antennas or the combination effects of them will make the 

signal strength measurement and prediction more complicated, or even not deterministic.  

However, the signal strength comparison from time to time does make sense and can 

provide insight information to some change of the propagation path.  In addition, if the 

antenna patterns are known or can be measured, it is possible to calibrate the signal 

strength with help of other equipment. 
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Table 2-1. L1 and L2 Navigation Satellite Signal Power Budget 
Parameter L1 C/A-Code L1 P-Code L2
User minimum received power 
User linear antenna gain 
Free-space propagation loss 
Total atmospheric loss 
Polarization mismatch loss 
Required satellite EIRP 
Satellite antenna gain @14.3o worst case  
Required minimum satellite antenna input power 

–130.0 dBm 
3.0 dB 

184.4 dB 
2.0 dB 
3.4 dB 

+56.8 dBm 
13.4 dB 

+43.4 dBm

–133.0 dBm 
3.0 dB 

184.4 dB 
2.0 dB 
3.4 dB 

+53.8 dBm  
13.5 dB 

+40.3 dBm 

–136.0 dBm 
3.0 dB 

182.3 dB 
2.0 dB 
4.4 dB 

+49.7 dBm 
11.5 dB 

+38.2 dBm
 

 

 



 

CHAPTER 3 
FUNDAMENTALS OF MITEL GPS BUILDER-2.1TM 

This chapter describes the hardware and software fundamentals of the GPS signal 

strength sensor.  The sensor consists of a modified Mitel (formerly GEC Plessey) GPS 

Builder-2.1TM development kit.  The following characteristics of the development kit 

make it better than most of the commercial GPS receivers with respect to signal strength 

measurement, research and teaching.  First, it is PC compatible.  The platform is flexible 

and can be MS-DOSTM, MS-WindowsTM98, Linux, etc.  Second, the C and Assembly 

language source code was purchased, which offers the designers the best way to achieve 

their specific goals.  Third, you can access the C/A-code correlation raw data directly 

which can be used to calculate the GPS signal strength.  Fourth, the software has the 

complete control over the code and carrier tracking and thus all of the GPS solutions.  It 

is very useful for research and teaching.  Last, the way to access the hardware is 

straightforward and the software manipulation is flexible.  Based on the development kit, 

the GPS signal strength sensor provides GPS L1 signal strength measurement and is not 

limited by the speed and height limitations (1,000 knots and 60,000 feet, respectively) for 

civil applications in particular.  This chapter focuses on the background needed to 

understand the whole system from chips, board, platform, to upper layer software.  For 

the front end chip GP2015, we will handle the automatic gain control (AGC) problem 

which “distorts” the signal level measurement.  For the correlator GP2021, the hardware 
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timing control, and the access to and calculation from the data contained in the chip 

registers are our focus.  For the software, we emphasize the concurrency of it. 

Hardware Overview 

The original Mitel GPS Builder-2.1TM is a PC industrial standard architecture (ISA) 

board.  The development kit comprises three parts: the board, the executable file with 

configuration files, and source code in C language that can be recompiled and linked to a 

new executable file.  Figure 3-1 illustrates the system architecture of the development kit.  

The front end GP2015 on the ISA board receives the GPS L1 (1575.42 MHz) signal from 

an antenna or a pre-amplified antenna.  The 12-channel correlator GP2021 on the ISA 

board imports the digitized intermediate frequency (IF) signals and exports the 

correlation raw data or accumulated data to a microprocessor or CPU.  Figure 3-2 shows 

the physical ISA board.  It can be installed on most PC-compatible computers with an 

ISA interface slot.  Like other ISA boards, it has a set of hardware resources such as 

interrupt request line (IRQ) and memory addresses.  Jumper JP4 on the board determines 

which PC IRQ is used for the receiver hardware service request.  A dual inline package 

(DIP) switch on the board determines which direct memory access (DMA) addresses in 

the CPU’s address space that the board will use for control and communication. 

 

Figure 3-1. System architecture of the Mitel GPS Builder-2.1TM development kit. 
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SMA GP2015
Front End 

10MHz 
Oscillator GP2021

Correlator

DIP 

JP4 

Figure 3-2. The Mitel GPS Builder-2.1TM ISA board with GP2021 and GP2015 chip set. 

 

The core part of the development kit is the Mitel Semiconductor chip set, namely 

the GP2021 and GP2015 as labeled in Figure 3-2.  It performs RF down-conversion, 

sampling, quantization and correlation.  A local oscillator works with the GP2021 to 

produce an IF signal.  An SMA female port is connected to a pre-amplified antenna or a 

RF output port of a GPS simulator for testing or application purposes. 

GPS Receiver RF Front End GP2015 

The GP2015 is a GPS front end chip.  The input to the chip is the L1 signal at 

1574.42MHz.  The GP2015 contains an on-chip synthesizer, mixers, AGCs and a 

quantizer.  The output that will be fed to the GP2021 correlator is 2-bit digital signals.  

The chip has 48 pins.  The first pin or IFOUT pin is the IF output with the center 

frequency of 4.309MHz [7].  The IF signal is sampled and quantized to generate a 2-bit 

digital output.  Figure 3-3 shows the IF signal spectrum from the GP2015 pin 1.  The 
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center frequency fc is 4.31MHz and the bandwidth BW is 2 MHz.  The RF signal that is 

downconverted to the IF signal comes from the Spirent GSS6560 multi-channel 

GPS/SBAS simulator.  This is the expected form of the C/A-code spectrum [8]. 

 

1 MHz 1 MHz 1 MHz 1 MHz 

fc = 4.31 MHz 

Figure 3-3. The IF signal spectrum from the GP2015 pin 1 with fc=4.31MHz measured by 
the Agilent E4402B spectrum analyzer.  It is the C/A-code spread spectrum. 

Using the IF signal or IFOUT, SIGN pin (pin 15) outputs sign data, and MAG pin 

(pin 14) outputs magnitude data.  The magnitude data will be used to control the 

automatic gain control (AGC) loop such that on average the magnitude bit is set (high) 

30% of the time.  Figure 3-4 shows the relation between IF continuous wave (CW), SIGN 

and MAG [9].  The AGC time constant is set by an external capacitor.   
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adjustment?  Let’s refer to the block diagram of GP2015 [7].  Figure 3-5 shows a part 

extracted from the GP2015 block diagram.  

 
Figure 3-5. AGC and AGC controller circuit. The two AGCs are controlled by the IF 

output indirectly.  

It is obvious that the IF signal change is not completely contributed by the pure 

change of RF signal from the GPS satellites.  For example, if the RF signal to the front 

end is very strong, the gains of the AGCs are reduced by the high voltage IF output, and 

very soon the IF voltage will be lowered.  For the stages after the IF, they cannot tell 

whether is the detected signal level is changed by the AGCs or the actual RF signal.  So 

the IF signal or detected signal is not proportional to the original RF signal level any 

longer.  If we assume the AGC controller is a time-invariant linear component, the 

relation between IFOUT and RF may be time-invariant and linear theoretically.  

However, if it is not the case, it will make the signal measurements unreliable.  So, the 

second question is raised: can we eliminate the effects of the AGCs, and if so, how?  

From Figure 3-5 we can also see that the AGC controller is partially controlled by the 

voltage (Vagc) across a capacitor (Cagc).  The ratio of gain adjustment (∆Gain) to the change 

of voltage across the AGC capacitor (∆Vagc) can be estimated to be 400dB/V or 
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0.4dB/mV [9].  That is ∆Gain / ∆Vagc ≈ 0.4dB/mV.  So, in principle, if Cagc is a larger 

capacitor, the voltage across the capacitor is more stable and thus the AGC has less 

influence on input signal fluctuations.  But this will cause another problem.  As 

mentioned in the description for the relation between IF, MAG and SIGN, the duty cycle 

should be around 30%.  If we change Cagc , it will be very difficult to guarantee the duty 

cycle and the performance for code and carrier tracking may be worse.  Fortunately, in 

most of time we do not have to worry about the AGC problem, because the actual GPS 

RF signal level at the antenna is about –130dBm and it is buried in noise.  The hardware 

will not generate an indication of the GPS signal power level and there is no AGC gain 

change.  But if jamming signals are involved or strong RF output of a GPS simulator is 

used, the measured L1 signal strength does not completely reflect the true signal level.  

Figure 3-6 shows how the output voltage on AGC+ (GP2015 pin 24) varies with respect 

to the input voltage on AGC– (GP2015 pin 23), when a CW signal at 1575.42MHz is 

applied to the RF input of the GP2015 [9].  That is ∆Vagc (mV) versus PRF.(dBm).  From 

the figure we can see that when the RF signal level is less than –110dBm, the curve tends 

to be flat or the AGC gain is approximately constant.  That is when PRF ≤ –110dBm, 

∆Vagc ≈ 20mV (constant).  For the case when the input level is much higher than the 

actual signal level - for example, the signal coming out of a GPS simulator - the curve 

tangent is approximately constant.  So the curve ∆Vagc ~ PRF. is not complicated and can 

be simplified to a first order or linear model without a big compromise of the accuracy or 

performance.  Recall that ∆Gain / ∆Vagc ≈ 0.4dB/mV and the curve is ∆Vagc ~ PRF.  The 

common item is ∆Vagc .  So we can make a model about ∆Gain ~ PRF. and it can be further 

simplified to be linear. 
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First, we use a three-segment line to match the original curve.  See Figure 3-7.  

Second, based on the simplified curve ∆Vagc ~ PRF and the relation ∆Gain / ∆Vagc ≈ 

0.4dB/mV, we get the new model ∆Gain ~ PRF .  After field testing and small adjustment, 

we get Figure 3-8 to show the transformation from the measured input RF signal to the 

true input RF signal.  Using the transformation in the data post-processing, the effects of 

AGC gain adjustment can be approximately removed.  One thing should be mentioned is 

that the new model is only suitable for direct connection between the GPS signal strength 

sensor and a GPS simulator.  When the sensor is connected to a pre-amplified antenna, 

the noise floor and the signal level will be different and the model is no longer accurate. 

 

∆
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Figure 3-6. Typical variation in voltage across AGC capacitor (AGC+ → AGC–) with 
change in GP2015 RF input level. 
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Figure 3-7. Simplified variation in voltage across AGC capacitor (AGC+ → AGC–) with 
change in GP2015 RF input level. 

 
Figure 3-8. New model for measured RF signal vs. true input RF signal.  

GPS 12-Channel Correlator GP2021 

The GP2021 is a 12-channel C/A code correlator for use in NAVSTAR 

(NAVigation System using Time And Ranging) GPS satellite navigation receivers.  

Unlike common correlators, the GP2021 is compatible with most 16-bit and 32-bit 
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microprocessors, especially those from Intel or Motorola [10].  The compatibility with 

microprocessors and the software involvement of lower-level GPS signal processing is 

the most significant characteristic that makes the Mitel development kit very useful for 

GPS research and teaching.  The GP2021 can use a battery supply of 2.2V.  If the 

mechanism of the development kit is well understood, the system can be modified to 

work as a mini-system with an independent power supply, and then the range of 

applications will be much broader. 

In order to control and receive data from the GPS sensor, or modify the sensor, it is 

necessary to understand the system architecture and details of the chip set.  Figure 3-9 

shows the block diagram of a typical GPS receiver.  As we mentioned in the previous 

section that the GP2015 front end outputs magnitude and sign data (MAG and SIGN) to 

the GP2021 correlator.  When the GP2021 gets the digital data from the font end, it forms 

the accumulated data using the results of the correlations, and transfers the data to the 

CPU to give the navigation message and to control the software signal tracking loops.   

 

14 
15 

77 MAG 0 
76 SIGN 0 

CPU 

Figure 3-9. Block diagram of a typical GPS receiver using the GP2021 correlator and the 
GP2015 front end. 
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Interrupt, an asynchronous hardware signal usually indicating that a device needs 

service from the processor, is crucial for the GPS sensor to work properly.  The GP2021, 

the essential part of the GPS device, has two interrupts: ACCUM_INT (pin 24) and 

MEAS_INT (pin 25).  ACCUM_INT allows control of data transfer between the 

accumulators in the correlator and the CPU.  MEAS_INT allows control of measurement 

data transfer between the correlator and the processor.  Both of them are timing hardware 

signals.  ACCUM_INT occurs every 505.05µs, and MEAS_INT is activated at each TIC, 

where TIC is an internal signal used to latch measurement data at a default rate of 

10.000010Hz.  The default period of TIC is 99999.90µs, approximately 0.1s.  In the 

implementation of the Mitel GPS Builder 2-1TM, the interrupt service routine (ISR): void 

far interrupt GPISR(__CPPARGS), written in C language, receives the ACCUM_INT 

hardware interrupt and obtains control of the processor approximately every 505µs in 

response to the interrupt request.  This ISR is written in RTEXEC.C and it is called by the 

routine: void ConfigureInterrupt(void) by 

gpvec = 0x70 + (GPINT – 8);
getvect(gpvec); 
setvect(gpvec, GPISR);  

where GPINT is the interrupt number set by jumper JP4 on the board, which is 

shown in Figure 3-2 in the first section of this chapter.  ACCUM_INT, MEAS_INT and 

TIC interrupts are produced by the timebase generator shown in Figure 3-10.  The 

timebase generator is driven by the clock generator.  In the figure, we can also see that 12 

tracking module channels process the sign and magnitude data at every TIC and thus the 

update rate of GPS solutions is typically no more than 1/TIC = 1/99999.90µs ≈ 10Hz.  

However, the period of TIC can be changed by writing to registers in the GP2021.  TIC is 

used to calculate the GPS Time, estimate the oscillator errors, update the integrated 
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carrier phase measurements, etc.  The definition of TIC and related register constants can 

be found in C code header file DEFINES.H.   

 

Figure 3-10. The GP2021 correlator block diagram.   

The GP2021 has 59 control and data registers.  Some of them are read and written 

by the C source code to perform the GPS functions.  At least six registers must be well 

understood for us to do any modifications on the GPS development kit.  They are 

ACCUM_STATUS_A, ACCUM_STATUS_B, CHx_CARRIER_DCO_PHASE, 

CHx_CARRIER_CYCLE_HIGH, CHx_CARRIER_CYCLE_LOW, CHx_EPOCH, 

CHx_CODE_PHASE, and CHx_CODE_DCO_PHASE.   

ACCUM_STATUS_A is a register containing the state of 12 status bits sampled and 

latched on the active edge of every ACCUM_INT.  Bit 15 of the register is a flag 

indicating the status of ACCUM_STATUS_A.  The lower 12 status bits indicate that a 

DUMP has occurred in the channel, and that new accumulated data is available to be 

read.  ACCUM_STATUS_B has a TIC bit that is set high at every TIC and cleared by 

reading the register.  The TIC bit tells the microprocessor that new measurement data is 

available.  Both ACCUM_STATUS_A and ACCUM_STATUS_B registers must be polled 
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at a rate greater than the TIC rate, otherwise measurement data will be lost.  In the 

implementation of GPS Builder-2.1TM, the ACCUM_INT event is used to instigate the 

poll operation.  ACCUM_STATUS_A register is always read following every 

ACCUM_INT, and ACCUM_STATUS_B register is read on each ACCUM_INT to ensure 

that no accumulated data has been missed and to check the TIC bit (along with several 

other status bits).  Meanwhile, the software tests the TIC it in ACCUM_STATUS_B to 

determine if new measurement data is available to be read.  In order to understand the C 

source code and the information above, Figure 3-11 is provided to illustrate the relation. 

 
Routine void ConfigureInterrupt(void) in INIT.C is 
called by the main routine in MAIN.C 

Set up the PC's interrupt system to enable 
GP2021 correlator interrupts every 505µs.  

gpvec = 0x70 + (GPINT – 8); 
setvect(gpvec, GPISR); 

 
Routine void SVTrack(void) in SVTRACK.C is 
called by the Interrupt Service Routine (ISR) void 
far interrupt GPISR(__CPPARGS) in RTEXEC.C 

It is a satellite tracking routine to read, 
store and process the accumulated data for 
data demodulation, bit sync, carrier lock, 
and code tracking.  

if(TestingInterface) {InterfaceTestInterruptRoutine()}; 
else {SVTrack()}; 

 
Routine void BufferAccumPhase(void) in 
BUFFACC.C is called by the routine void 
SVTrack(void) in SVTRACK.C 

Extract and process accumulated data for 
each channel which is active and has new 
accumulated data available. 

BufferAccumPhase(); 
 

Function inpw in Routine void 
BufferAccumPhase(void) in BUFFACC.C  

Read a word from the hardware ports or the 
registers: ACCUM_STATUS_A / _B. 

int accum_status_a; /* Contents of status register ACCUM_STATUS_A */ 
int accum_status_b; /* Contents of status register ACCUM_STATUS_B */ 

accum_status_a = inpw(TR(ACCUM_STATUS_A)); 
accum_status_b = inpw(TR(ACCUM_STATUS_B)); 

Figure 3-11. GPS Builder-2.1TM program flow to use the ACCUM_INT interrupt, 
ACCUM_STATUS_A register, and ACCUM_STATUS_B register to read the 
accumulated data. 

CHx_CARRIER_DCO_PHASE, CHx_CARRIER_CYCLE_HIGH, and 

CHx_CARRIER_CYCLE_LOW are three GP2021 registers through which the correlator 

 



41 

tracking hardware allows measurement of integrated carrier phase (ICP).  The 

measurement data is sampled at every TIC of typically about 0.1 s.  The 

CHx_CARRIER_DCO_PHASE register contains the cycle fraction or phase, with 10-bit 

resolution to give 2π/1024 radian increments, while CHx_CARRIER_CYCLE_HIGH and 

_LOW registers contain the number of complete carrier cycles plus 1.  A carrier cycle is 

measured from one positive-going zero crossing to the next.  The total integrated carrier 

phase can be calculated as follows: 

( )

phase DCOcarrier  initial                                           
phase DCOcarrier  final                                           

 counter cyclecarrier in numbers2phasecarrier  integrated

+
+

×= ∑π

 

Figure 3-12 shows how this equation is derived.  

 
Figure 3-12. Use the CHx_CARRIER_CYCLE_HIGH and _LOW and 

CHx_CARRIER_DCO_PHASE  GP2021 registers to calculate the integrated 
carrier phase (ICP).   

The calculation of the integrated carrier phase in C language is complicated.  It 

involves more than ten routines distributed in several files.  In order to understand it 

clearly, a program flow diagram is useful.  Figure 3-13 shows the implementation 

diagram flow.  A standard function inpw() is used to access the hardware registers such as 

CHx_CARRIER_DCO_PHASE, CHx_CARRIER_CYCLE_HIGH, and _Low registers.  

 



42 

Note that the measurement of integrated carrier phase should be taken at every TIC.  This 

rate is maintained by the C language task control block (TCB) in RTEXE.C.   

 
Routine void UpdateNavigation(void) in NAV.C is 
called by the main routine in MAIN.C. 

Update the navigation solution when 
measurements are available.  

UpdateNavigation();  /* Do navigation if possible.*/ 
 

Routine void Navigate(obsstruc* obs) in NAV.C is 
called by the routine (ISR) void 
UpdateNavigation(void) in NAV.C. 

Attempt to produce a navigation fix or 
updates the integrated carrier phase data 
using the current observation block. 

Navigate(obsbuff+pobs); 
 

Routine void NavigateFull(obsstruc* obs) in 
NAV.C is called by the routine void 
Navigate(obsstruc* obs) in NAV.C. 

Attempt to produce a navigation fix 

NavigateFull(obs); 
 

Routine void GetNavDataFull(…) in NAV.C is 
called by the routine void NavigateFull(obsstruc* 
obs) in NAV.C. 

Update the navigation matrix with code 
and carrier phase measurements. 

/* Extract observation data and process to observed-predicted. */ 
GetNavDataFull(obs, &NewNavState, &omp, solution_matrix, &svcurrent, pseudo_range, 

pseudo_range_rate); 
 

Routine void UpdateICP(…) in NAV.C is called by 
the routine void GetNavDataFull(…) in NAV.C 

Update the integrated carrier phase (ICP) 
measurements with the new data. 

UpdateICP(obs->LostLockDuringLastTIC[channel], obs, channel, code_time, &code_minus_icp, 
&pseudo.icp_range); 

 
Variable delta_carrier_cycles equals the number of 
complete carrier cycles plus one plus the fractional 
carrier cycle at the end and minus the fractional 
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in Figure 3-12 
double  delta_carrier_cycles;  /* Carrier cycles between TICs. */ 
delta_carrier_cycles = obs->CCycles[channel]  
                              + (int)obs->CPatThisTIC[channel]/CARRIER_DCO_PHASE_SCALE  
                               – obs->CPatPrevTIC[channel]/CARRIER_DCO_PHASE_SCALE; 

Figure 3-13.  Implementation of the integrated carrier phase calculation in C language.  

In Figure 3-13, CARRIER_DCO_PHASE_SCALE is equal to 1024.  obs->CCycles 

array, obs->CPatThisTIC array, and obs->CPatPrevTIC array are assigned values to in 
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routine void TakeMeas(register chanstruc _ds *CHPTR) in TAKEMEAS.C, as is shown 

in Table 3-1 below.  

 
Table 3-1. Get the measurement data for the current channel from 

CHx_CARRIER_DCO_PHASE, CHx_CARRIER_CYCLE_HIGH, and 
CHx_CARRIER_CYCLE_LOW registers in the correlator GP2021 and store it 
in the observation buffer in TAKEMEAS.C.   

carrier_dco_phase = inpw(CHPTR->_CARRIER_DCO_PHASE); 
carrier_cycle_counter_low = inpw(CHPTR->_CARRIER_CYCLE_COUNTER_LOW); 
carrier_cycle_counter_high = inpw(CHPTR->_CARRIER_CYCLE_COUNTER_HIGH); 
/* Store the previous fractional carrier dco phase. */ 
CHPTR->prevcarrdcophase = CHPTR->carrdcophase; 
CHPTR->carrdcophase =carrier_dco_phase;/* Get the new fractional carrier dco phase.*/ 
/* Get the number of complete carrier cycles between the last and current TIC. */ 
carrcycles = ((unsigned long)carrier_cycle_counter_high<<16) + carrier_cycle_counter_low; 
/* The fractional carrier phase at this TIC. */ 
OB->CPatThisTIC[CHPTR->channel] = CHPTR->carrdcophase; 
/* The fractional carrier phase at the previous TIC. */ 
OB->CPatPrevTIC[CHPTR->channel] = CHPTR->prevcarrdcophase; 
/* The number of carrier cycles between the current and last TIC. */ 
OB->CCycles[CHPTR->channel] = carrcycles; 
 

After getting the fractional carrier phase at current TIC, the fractional carrier phase 

at the previosu TIC and the number of carrier cycles between the current and last TIC in 

TAKEMEAS.C, and thus the number of carrier cycles between last 2 TICs in NAV.C, we 

can calculate the ICP beat phase, the current ICP value with the nominal L1 cycles 

during TIC period plus those due to frequency offset, and the equivalent pseudorange.  

Table 3-2 shows the calculation.  
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Table 3-2. Calculation of the current ICP beat phase, ICP, and equivalent pseudorange 
from the number of carrier cycles between last 2 TICs. 

/* Update the ICP beat phase. */ 
ICP.Beat_Phase[channel] = ICP.Beat_Phase[channel]  

– CARRIER_PHASE_ADVANCE_IN_TIC 
+ delta_carrier_cycles; 

/* Update the current ICP value with the nominal L1 cycles */ 
ICP.Current_Value[channel] = ICP.Current_Value[channel] + TIC_PERIOD*L1 
                                + (CARRIER_PHASE_ADVANCE_IN_TIC – delta_carrier_cycles); 
/* Express integrated carrier phase as an equivalent pseudorange. */ 
*icp_range = ICP.Current_Value[channel]/L1 + ICP.Bias[channel]/SPEED_OF_LIGHT; 
 

Similiarly, we can get the contents of the EPOCH_COUNT register, 

CODE_PHASE register, and CODE_DCO_PHASE register in the GP2021 correlator chip 

by the C standard function inpw(…),  The contents of these registers are used to calculate 

the code time of pseudorange and thus pseudorange, carrier DCO frequency, and 

pseudorange rate, etc.   

Software Overview 

GPS Builder-2.1TM development kit is based on MS-DOSTM Operating System 

(OS).  The executable file can be compiled and linked in either 16-bit or 32-bit mode.  

The compiler must be BorlandTM C++ V3.1 or V4.0 in order to directly control and 

access hardware under MS-DOSTM.  Currently, the GPS signal strength sensor can 

operate under MS-Windows98TM with some compromise of tracking capability and 

performance.  For some computers with better hardware resource allocation, you cannot 

tell the difference between MS-DOSTM and MS-Window98TM except the convenient 

operations and friendly interface under MS-Window98TM.   

Multitasking and Concurrency 

As mentioned in the previous section, there are two important timing signals: 

ACCUM_INT and MEAS_INT.  The former is raised every 505.05µs and the later has the 

period of one TIC of 99999.90µs.  ACCUM_INT is used for raw data that will be read, 
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store, accumulated, and processed for data demodulation, bit synchronization, carrier lock 

and code tracking, while MEAS_INT is used to measure and calculate the GPS navigation 

solutions.  They have different periods, but they are related and have to cooperate closely.  

Therefore, concurrency is crucial for all the tasks running and intercommunicating 

simultaneously.  GPS Builder-2.1TM uses a global variable PROTECT to protect against 

task switching and variable sharing.  It uses Interrupt Service Routine (ISR) to switch 

tasks to read and process accumulated data and uses C language standard functions 

enable() and disable() to enable and disable interrupts.  GPS Builder-2.1TM use Task 

Control Block (TCB), which is defined in the module RTEXEC.C, to display the GPS 

information, process sub-frames tasks, and run the main routine at a rate of 

approximately 1Hz.  The rate is increased to 10Hz in the GPS signal strength sensor.   

The multitasking is implemented in the following way.  When the executable file 

runs, the host initializes the runtime environment, allocates a stack, and starts executing 

the main routine main().  main()initializes the GP2021 correlator and enables the 

interrupt by the C language standard function enable().  Then, the GP2021 Interrupt 

Service Routine (GPISR) is entered every 505.05µs.  After a TIC event, which occurs 

every 99999.90µs, or approximately every 1/10 second, tasks on the TCB task list will 

switch from one to the other.  The concurrency is illustrated in Figure 3-14.   
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Figure 3-14. Mitel GPS Builder-2.1TM software, multitasking and concurrency. 

 

 

 

 



CHAPTER 4 
DEVELOPMENT OF THE GPS SIGNAL STRENGTH SENSOR 

The GPS signal strength sensor is developed on the basis of the Mitel (formerly 

GEC Plessey) GPS Builder-2.1TM development kit.  In addition to the original functions, 

the GPS sensor can draw the real-time signal strength in a friendly graphic user interface.  

It supports 1 Hz as well as 10 Hz update rates.  In order to observe the more detailed real-

time signal strength waveform for each satellite, a magnification window with a flash rate 

of 10 Hz is provided in the interface and a series of new keyboard shortcut keys are 

programmed to simplify the operations.  It can also log the signal strength into a data file 

in RINEX-2.10 format.  The file name is automatically assigned according to the date and 

time when the data is taken in order to void overwriting the previous files in a convenient 

way.  Some C++ and Matlab utilities are developed to extract and process the signal 

strength data.  The GPS sensor is optimized to track low earth orbit (LEO) satellites, 

rockets, etc. 

Signal Strength Estimation 

Autocorrelation and Signal Strength 

As mentioned in CHAPTER 3, the input to the front end GP2015 is a C/A-code 

modulated L1 signal.  So the signal to be measured is a direct sequence (DS)-CDMA 

signal.  Cross-correlation and autocorrelation is the key technology for the demodulation 

of a DSSS signal.  That is the reason why the GP2021 is called a correlator.  Basically, 

signal measurement is a statistics problem.  In order to detect and measure the GPS signal 

strength, a mathematical theory must be understood and applied.  The statistic relation 

47 
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between autocorrelation and power will be a guide for the implementation of signal 

strength measurements.  For a deterministic voltage signal x(t), the autocorrelation is 

given by: 

( ) ( ) ( ) ∫
∞

∞−
⋅⋅+⋅=+=ℜ dttftxtxtxtx xx )()()( τττ  

where fx(t) is the probability density function of x(t).   

If x(t) is wide-sense stationary (WSS) and deterministic, the corresponding power 

spectral density (PSD) is 

( ){ }τxx FfS ℜ=)(  

F{·} is the Fourier transform.  Then, the power can be derived by 
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So, we can use autocorrelation to calculate the power.  On the other hand, 

( ) ( ) ( ) ( ) ( )2
00 txtxtxxx ==ℜ=ℜ =ττ , which is the mean-square value.  So, the power 

represents the mean-square signal strength.  It is consistent with the power definition 

in radio engineering, which uses, for example, normalized mean-square or root-mean-

square (rms) noise voltage to define the noise power.   

xP

As to the discrete sequences, like the PRN codes, the definitions and equations are 

similar.  The autocorrelation can be used to represent the power level or mean-square 

signal strength.   

Code Tracking and Signal Strength 

Correlation plays an important part in the CDMA demodulation, and so the GPS 

signals.  The GPS Builder-2.1TM uses a sliding-replica to search for the rough C/A code 

position.  It first generates the local C/A code at a very slightly higher chip rate than the 
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satellite’s C/A code, and then slides the local C/A code along the received satellite’s C/A 

code until reaches a point at which the local code approximately matches the satellite’s 

C/A code in terms of code structure and position alignment.  At this time, the value of 

correlation between the local code and received code increases suddenly.  If the 

correlation value exceeds some detection threshold, the C/A code generator will stop 

sliding the local code and continue to track the received code.  It is the correlation value 

that will be used to calculate the GPS satellite signal strength.  To simplify this, assume 

the transmitting C/A code for satellite k is Ck(t), and after signal propagation the satellite 

C/A code received by the correlator in the GPS receiver is Ak·Ck(t+τ), where Ai takes into 

account propagation loss, transmission loss, antenna and amplifier gains.  The matching 

process is actually an autocorrelation process:  

)()()()()()( ττττ
kk CkkkkkkkC AtCtCAtCtCA ℜ⋅=+⋅⋅=+⋅⋅=ℜ′  

Since the correlator handles digital signals only, the discrete correlation expression 

is slightly different, but the property remains same:   
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When the locally generated C/A code matches the received satellite C/A, there is no 

delay between the two signals and thus the result turns out to be the mean-square signal 

strength:  
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Now, we are close to the expression of the mean-square signal strength, but the 

actual GPS receiver is much more sophisticated than this.  Usually, one channel of a GPS 

receiver has two paths: in-phase and quadrature.  Figure 4-1 shows the schematic block 
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diagram of one channel of a GPS receiver.  The in-phase mean-square signal strength is 

∫I2(t)dt and the quadrature mean-square signal strength is ∫Q2(t)dt.  We can also see from 

the figure that the incoming signal voltage s(t) becomes the input to each branch.  So the 

final mean-square output signal strength can be calculated by  

4
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Another reason why we consider both in-phase and quadrature accumulated data is 

because the DCO carrier phase is not necessarily in phase with the incoming 

downconverted GPS signal.  

∫

∫

 

in-phase 
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received 
satellite 
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code 
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local 
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C/A 
code 

s(t) 
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channel Q(t) Ck(t) 

Figure 4-1. One channel of a GPS receiver with in-phase and quadrature paths. The 
mean-square signal strength is the average of two paths. 

Once the satellite signal is tracked and correlation is found, an early-minus-late 

tracking loop in the GPS Builder-2.1TM will operate to synchronize accurately the 

correlator’s code replica with the satellite’s C/A code.  When the satellite and replica 

codes are perfectly synchronized, maximum correlation will occur.  But when the replica 

is either early or late in time with respect to the satellite code, the correlation decreases.  

If the replica is as much as one C/A code bit time different, the correlation will disappear.  

The idea of an early-minus-late tracker is to straddle the correlation peak by comparing 
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early and late correlations, that is, correlations with the local C/A code a fraction of a 

chip early, and a fraction of a chip late, with respect to the satellite’s code.  Any 

imbalance between the early and late correlations tells us which way to move the local 

C/A code replica so as to position it more precisely on the signal’s correlation peak.  So, 

it is not necessary to have a physical prompt (on-time) channel when tracking because a 

virtual prompt can be created by the combination of early and late correlations.  The GPS 

sensor makes the track channel ¼ chip permanently early and the prompt channel ¼ chip 

permanently late from the virtual prompt.  So the prompt channel is not prompt any more.  

It is actually late by ¼ chip.  Figure 4-2 illustrates the early-minus-late idea.  This block 

diagram is very close to the actual tracking module, which handles digital signals instead 

of analog signals, and sums tracked accumulated data instead of the integral of signals. 
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Figure 4-2. Block diagram of early-minus-late trackers with the track channel 1/4 chip 

early and the prompt channel 1/4 chip late. 
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Figure 4-3 is the block diagram of the actual tracking module.  The blocks 

surrounded by dashed boxes are the accumulated data registers that are used on each 

DUMP to store the 16-bit integrate-and-dump accumulator results.  The values contained 

in the registers are 2’s complement values with the valid range of the data from –215 to 

+(215 – 1). 

 

 

Accumulated Data Registers

Accumulated Data Registers

Figure 4-3. Tracking module block diagram in the GP2021 correlator. 

As mentioned before, all the registers can be accessed by the C language standard 

function inpw(·).  Table 4-1 shows the source code to read the CHx_l_TRACK, 

CHx_Q_TRACK, CHx_l_PROMPT, and CHx_Q_PROMPT accumulated data registers.  

We can calculate the true in-phase signal by adding the ¼ chip early in-phase track arm 

and the ¼ chip late in-phase prompt arm.  Similarly, the true quadrature signal can be 
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calculated by adding the ¼ chip early quadrature track arm and the ¼ chip late quadrature 

prompt arm.   

Table 4-1. Source code in BUFFACC.C for reading in-phase and quadrature accumulated 
data dumped in the track channels and prompt channels. The true prompt arm 
can be achieved from the sum of the ¼ chip early arm and ¼ chip late arm.  

/* Get I & Q from the Track channel (1/4 chip early). */ 
A->ID = inpw(CHPTR->_I_TRACK);  
A->QD = inpw(CHPTR->_Q_TRACK); 
 
/* Get I & Q from the Prompt channel (1/4 chip late). */ 
A->IP = inpw(CHPTR->_I_PROMPT);  
A->QP = inpw(CHPTR->_Q_PROMPT);  
 
/* Get the true prompt I & Q. */ 
A->I_Prompt = (long)(A->IP + A->ID); 
A->Q_Prompt = (long)(A->QP + A->QD); 

 

Once the true prompt signal is available, the mean-square signal strength can be 

calculated by the source code in PROCACC.C list in Table 4-2.  

Table 4-2. Mean-square GPS signal strength calculation from the true in-phase and 
quadrature prompt signal autocorrelations. 

long i2 = A->I_Prompt*A->I_Prompt; /* The inphase autocorrelation */ 
long q2 = A->Q_Prompt*A->Q_Prompt; /* The quadrature autocorrelation */ 
A->I2_Plus_Q2 = (i2 + q2)/4;  /* Mean-square signal strength*/ 

 

This part of the source code is the most important in the development of the GPS 

signal strength sensor.  Understanding of the background knowledge, especially in the 

GP2021 correlator and the GP2015 front end, is crucial to achieve additional functions 

and further goals.   

In order to adjust the sensitivity of the signal strength detection, a software low 

pass filter (LPF) is put after the calculated mean-square signal strength.  It is a C 

language macro for arithmetic right shift:  

#define iSAR(larg,rcount) (((long)(larg)) >> rcount) 
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Matlab has the corresponding standard function: bitshift(A,K,N).  You may record 

the raw signal strength data without filtering at first and then post-process the data more 

flexibly.  This macro has the following properties.  First, usually larg parameter in the 

macro is one half of 2rcount, where rcount argument is the number of right shifted bits.  

Second, when you increase rcount, the GPS signal strength sensor will become less 

sensitive to the signal fluctuations, namely, more inert.  When you decrease the value of 

rount, the GPS sensor can detect more minute fluctuations.  Whether or not to use the 

filter or what value the parameter should take depends on the application. 

Real-time Signal Strength Plot 

After obtaining the real-time signal strength data, we naturally think of how to 

monitor the real-time signal strength and how to plot it on the screen.  We use the routine 

void startgraph(void) listed in Table 4-3 to detect and initialize the display card.  The 

next thing after initialization is straightforward: store the signal strength data for each 

channel, allocate screen space for each channel, plot the signal strength data in different 

colors for different channels, print the GMT Time on the screen in green color, put a 

floating marker with the value of signal strength for each channel, and switch from the 

graphic screen to the text screen and back and forth freely without any confliction.   

Table 4-3. Detect and initialize the display card. 
void startgraph(void) 
{ 
    int mode,driver,error; 
    driver=DETECT; // Autodetect driver (EGAVGA.BGI) 
/* Attempt to turn graphics screen on */ 
    initgraph(&driver,&mode,"C:\\Tools\\BORLANDC\\BGI\\");  
    error=graphresult(); // Check for a error 
    if (error != grOk) 
    { 
        QuitGpsBuilder(); 
    } 
    iGraphOnFlag = 1; 
} 
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Figure 4-4 shows the screen shot of real-time GPS signal strength plot.  It displays 

12 channels and each channel is tracking or trying to track one GPS satellite.  For 

example, Channel #6 is now tracking SV#9 and the current signal strength is 2369253 or 

63.75dB.  The small arrow immediately on the left of the number, moving from left to 

right, is current tracking position.  Other positions on a curve are position history records 

with the latest history on the left of the marker.  Using the signal strength plot, we can 

monitor the trends of signal strength and the shapes of waveform in real-time.   

 

Figure 4-4. Real-time signal strength plot for every channel tracking different individual 
GPS satellite. The small number on the right of the small right-arrow marker 
is the GPS signal strength value in linear scale. The data update rate can 1Hz 
or 10Hz.  

 



56 

We use the function key F2 to select the real-time signal strength display in graphic 

mode.  If the function key such as F1, or from F3 to F12 is pressed, the display will 

switch from the graphic mode to the text mode.  The routine to handle the key F2 request 

is void F2_Display(navstatestruc N, int y, int m, int d, int hh, int mm, int ss) in 

DISPFUN,C, which is listed in Appendix A Table A-3.  The first part of the routine is to 

update the current GMT Time and refresh the static dashed lines, channel labels, etc.  The 

trick is that we use background color black to override or “erase” the previous lines and 

text, and then use foreground colors and updated information to draw the lines and write 

the text again.  Similarly, in second part of the routine we use the same technique to 

change the signal strength numbers and move the positions of markers and signal strength 

numbers, or make the animation effects.  The signal strength data is stored in the buffer 

pdSigStrenth[MAXCHANNELS].   

When necessary, we can increase the update rate to 10Hz and log the signal 

strength data into an automatically named file.  All you need to do is to press the 

combination keys: Alt+F.  When you do so, a small message “Fast Recording...” shows 

up.  The key ccan codes can be found in [12].   

Furthermore, since twelve channels are “crowded” together on one screen, it is 

impossible to see small fluctuations for each channel.  So the idea of magnification 

window came out.  Figure 4-5 shows the real-time signal strength display with a 

magnification window for channel#4 (CH 4) and SV#15.  The left part of the display is 

the normal window for all channels from CH 1 to CH 12, from which we can see that 

there is no small changes because of the limited display space.  But for the magnification 

window, it is almost 12 times the normal window for one channel. We can clearly see the 
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minute changes in the signal strength.  If you want to use the magnification window to 

monitor a different channel, the combination keys “Alt+Fx” should be used to call for the 

corresponding channel, where Fx is a function key like F1, F2, F11, etc.  For example, if 

you want to magnify CH 10, just press “Alt+F10”, and then it will draw the SV#3 signal 

tracked by CH 10 in the magnification window.  Also note that the channel numbers from 

CH 1 to CH12 are fixed, but the SV numbers will change according to the visibility of 

GPS satellites.  The routine void ALT_Fx_Display(navstatestruc N, int y, int m, int d, int 

hh, int mm, int ss) in DISPFUN.C handles all of the situations.  The source code 

contained in the routine almost doubles the content in the routine F2_Display(…), but the 

technology is same.  Figure 4-6 shows the comparison between two displays, which were 

taken at different times, one at 11:37:34 GMT on 08/12/2003. the other at 12:43:11 GMT 

on the same day.  The GPS RF signals came from the antenna installed on the roof of 

Whittemore Hall building.  Both of the magnification windows were plotting SV#15 in 

CH 4.  We can see through comparison that the real-time signal levels are quite different 

from time to time.  Actually, from the shape of the waveform we can tell that the 

multipath effects are significant for SV#15 at 11:27:46 GMT and 11:37:34 GMT on 

08/12/2003.  When we monitor it, we can take the data for post-processing or deselect the 

satellite to reduce the negative effects from the multipath.   
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Figure 4-5. Real-time signal strength display with a magnification window for channel #4 
(CH 4) and SV#15. 
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Figure 4-6. Two more displays with a magnification window are compared to see the 
signal flutuations and absolute signal levels. 
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GPS Signal Strength Data Logging and Reading 

Data post-processing is very important for data analysis.  There are two ways to log 

data.  One is normal, using the command RN to let the GPS receiver record the L1 

integrated carrier beat phase, C/A code derived pseudorange, and Doppler frequency 

shift.  The command RN is originally provided by the GPS Builder-2.1TM development 

kit, but some changes were made to operations of the command, for example, it no longer 

uses the fixed file names.  It uses a naming system based on the date and time when the 

data is taken, and then it avoids overriding the existing files in the same directory.  The 

data format is RINEX-2.10 Format [13].  RINEX-2.10 stands for Receiver Independent 

Exchange Format Version 2.10.  According to the standard specifications, a program 

utility was developed to extract the data contained in the RINEX-2.10 data files and write 

the data into five ASCII files: EPHEM.ASC, IonData.asc, PhaseData.asc, 

PSEUDO.ASC, and DopplerData.asc, of which EPHEM.ASC and PhaseData.asc files 

are used for teaching purpose in Virginia Tech GPS courses.  We use the data as auxiliary 

for GPS signal strength data.  The utility is a console program with the name of 

Rinex2ASCII.EXE.  The source code has more than 1,300 lines and it performs strict 

verifications and provides complete error messages for file names, RINEX-2.1 header 

labels, data validity, etc.   

With the successful development of Rinex2ASCII.EXE, RINEX-2.1 format is used 

to log the signal strength data, pseudorange, elevation, azimuth, Doppler frequency shift, 

in-phase accumulated data, and quadrature accumulated data.  The maximum output data 

rate is 10Hz.  The data rate can be reduce to be less than 10Hz to save the hard drive 

space when running for long period of time.  The algorithm to decrease the output data 

rate is not to drop some data periodically, but to average an amount of data and then save 
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the mean values into the output files.  When the data rate is 10Hz, the one-day data 

accumulation will be more than 2 gigabytes.  Figure 4-7 shows a part of the data log file.  

It does not strictly comply with the RINEX-2.10 standard since signal strength and others 

are not defined in the standard, but the format structure is same.   

Virginia Tech GPS Builder 
 
  2003     9    12    17    31   26.655032 
 
  3  9 12 17 31 13.9550314  0  5G 1G16G25G13G 2 
    4385040.50     11669820.36           17.60          287.15         1258.80   1288490780.80   2147483510.20  
    5672080.40  1.16599739627728         10.46          206.10  3072868407257832 1717987186.00   3865468757.40  
    2522211.50    -40071757.78           41.70          124.26          -48.27   3006476400.00   2576979821.00  
    3611374.00     12456608.08           -3.43          144.85        -1593.21   2147483856.20   2576979040.80  
    3644239.10  3.68609970301140         -5.23          125.39  -7.6854602058511 1288491132.80   2147483603.00  
  3  9 12 17 31 14.9550298  0  5G 1G16G25G13G 2 
    6154810.90           -0.00            9.94          260.82            0.00   1717987337.60   2147484066.00  
    5511413.30  2.33199479255456         -7.73          145.05  6145736814515664 1717986860.60   1288491527.20  
    3154399.80   -103165921.23           57.68           85.62        -2768.09   1717988004.60   1717987853.00  
    5675217.40            0.00          -14.69          254.54            0.00   3435970974.20   1717987031.00  
    7194398.70  7.37219940602281        -12.56          164.82            0.00   2147483459.00   2147483590.40  
  3  9 12 17 31 15.9550282  0  5G 1G16G25G13G 2 
    6199945.10           -0.00            9.95          260.82            0.00   2147483527.20   2147483597.00  
    5485321.20  2.33199479255456         -7.73          145.05  6145736814515664 2147483556.00   3435971712.00  
    3182098.40   -103165565.41           57.68           85.60        -2766.97   3006475998.60   3006476365.60  
    5553864.30            0.00          -14.69          254.54            0.00   2147483601.60   3006475671.40  
    7112509.60  7.37219940602281        -12.56          164.81            0.00   1717987965.00   2147483870.20  

Figure 4-7. Part of the data log file containing the signal strength data, pseudorange, 
elevation, azimuth, Doppler frequency shift, in-phase accumulated data, and 
quadrature accumulated data. 

Based on Rinex2ASCII.EXE, a program called SsExtract_One_Sat_Mean_Var.exe 

was developed to extract the signal strength data.  This program uses an improved 

technique to read, process, and write data.  The former mainly relies on file pointer 

operations, while the later instead reads data into the memory first and then processes 

data using memory pointer.  The speed of file pointer operation is determined by the hard 

drive speed and the memory management of operating system (OS), while the speed of 

memory pointer is determined by the physical memory.  Furthermore, file pointer 

operations are more complicated and much less efficient than the memory pointer, so the 

processing speed of SsExtract_One_Sat_Mean_Var.exe is much faster than 

Rinex2ASCII.EXE, and also more than thousands of times faster than Matlab.  

SsExtract_One_Sat_Mean_Var.exe generates an individual ASCII file for each visible 

satellite since signal strength processing is more interested in an individual satellite.  It is 
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unlike the calculation of position solutions that needs at least four satellites.  That is the 

another difference between the two data extraction programs.   

Working under Microsoft® Windows®98 

The original GPS Builder-2.1TM works only under Microsoft® DOS®.  It is 

inconvenient to restart the computer every time to switch to DOS® and run the GPS 

receiver, especially in the process of modification and testing.  Windows®98 is 

compatible with DOS® and it supports both 16-bit and 32-bit programs.  Theoretically, 

there is no problem for the GPS receiver to run under Windows® 98, but the result turns 

out that the GPS receiver cannot pass the hardware testing under Windows® 98.  As 

mentioned before, the interrupt request line (IRQ) plays an important part in the GPS 

Builder-2.1TM software data processing.  If the CPU has to handle the IRQs from other 

devices, and hasn’t enough CPU time to process the request from the GPS receiver, the 

hardware testing will fail.  There are two solutions.  One is to remove most of the IRQ 

based devices such as sound card, Ethernet card, etc.  Another solution is to lower the 

requirements from IRQ count for the receiver, which can be achieved through software 

modification.  Table 4-4 shows the part to be removed in the routine void 

HardwareTest(void) in INIT.C.  It is necessary to remove the whole part instead only 

decrease the lower bound of interrupt_count, because the standard C language function 

delay(·) causes some problem for the graphic mode of the real-time signal strength plot.  

The reason may be related to the hardware IRQ of display card. 

Table 4-4. Modification made to remove the IRQ count limitation so that the GPS sensor 
can work under Windows® 98. 

    GPIntCtr = 0; 
    delay(101);                                         /* Wait for 101ms. */ 
    interrupt_count = GPIntCtr; 
    if(interrupt_count<20 || interrupt_count>220) /*original lower bound is 180*/ 
    { 
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             outpw(GPIMASK,MASK_INTERRUPT);          /* Mask GP2021 interrupts. */ 
             ……. 
             QuitGpsBuilder(); 
    } 
    else 
    { 
             printf("\n\nInterrupt test passed."); 
             printf("\n%lu interrupts were counted - there should have been"  
                    " 200.",interrupt_count); 
    } 
 

The direct effect of the removal is that some computers will reduce the number of 

tracking channels but the tracking speed for the active channels remains same; some 

computers still have 12 channels but the time to 3D fix is much longer; the other 

computers keep same.  However, it is worthy to do so, because it reduces the 

development and testing period greatly. 

Tracking Spacecraft 

The original GPS Builder-2.1TM works only for civil applications.  That means the 

height limit is 60,000 feet (18km) and speed limit is 1000 knots (514 m/s).  It is not 

enough for our research.  NASA has developed the similar GPS receiver that is based on 

the same development kit and can track low earth orbit (LEO) satellites.  Therefore, there 

should not be a problem to let the receiver track spacecraft, rockets, LEO satellites, etc.  

The strategy is straightforward.  First, remove all the limitations related to height and 

speed.  Second, optimize the source code to improve the tracking capability and make it 

faster.  The limitations are distributed in three files.  Table 4-5 lists all the C language 

code that limits the height and speed of the GPS receiver.  Simply deleting the code and 

doing other small changes can work.  There is no limitation in hardware.   
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Table 4-5. Remove the height and speed limitations to track spacecraft. 
NAV.C:  
             else if(NewNavState.speed>SPEED_LIMIT) 
            { 
                sprintf(buff,"NO NAV: VELOCITY LIMITATION EXCEEDED                  "); 
                NewNavState.navmode = FIX_NO; 
            } 
DISPLAY.C:  
        if(N.hgt>HEIGHT_LIMIT || N.speed>SPEED_LIMIT) 
        { 
            sprintf(buff,"Lat -----%c--.----'%cSpd-----.-- %cGDOP %5s%cSVs  %2u%cHE -------.-" 
                         " %cDate %02i/%02i/%02i",DEGREE,SingV,SingV, 
                         GDOPstr,SingV,N.nsats,SingV,SingV,d,m,y%100); 
            OutputString(2,2,buff); 
            sprintf(buff,"Lon -----%c--.----'%cHdg-----.-%c %cPDOP %5s%cNav  %2s%cVE -------.-"
                         " %c%3s  %02i:%02i:%02i",DEGREE,SingV,DEGREE, 
                         SingV,PDOPstr,SingV,modestr,SingV, 
                         SingV,TimeType,hh,mm,ss); 
            OutputString(2,3,buff); 
            sprintf(buff,"Hgt ----------.-- %cROC-----.-- %cVDOP %5s%c%7s%cDO%10.1lf" 
                         " %cOscErr%7.2lf",SingV,SingV,VDOPstr, 
                        SingV,DiffInfoString,SingV,(double)CLK.DoppFromClk,SingV, 
                        CLK.RCOrate*1.0E6); 
            OutputString(2,4,buff); 
        } 

SAVEDATA.C:  
    if(N.hgt>HEIGHT_LIMIT || N.speed>SPEED_LIMIT) 
    { 
        N.lat = 99.9/R2D; 
        N.lon = 999.9/R2D; 
        N.hgt = 99999.0; 
        N.speed = 999.9; 
        N.hdg = 999.9; 
    } 

 

After removing the limitations, the next thing is to optimize the code in order to 

make the receiver faster.  Several changes were made to reduce the locking time and 

improve the tracking capability.  The first change is to reduce the memory usage of the 

software by deleting useless or unnecessary modules such as BEEP.C (beeper 

management task), and RTCM.C (task to parse RTCM-104 Version 2.0 differential 

corrections).  Both modules were removed from the task control block (TCB) to save the 
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CPU time as well.  Other compiling-time memory optimizations such as data structure 

rearrangement and buffer size reset were made.  Most of the debug code was also 

removed to minimize the size of the source code.  The second change is to decrease the 

screen display rate by five or more times at the very beginning of tracking.  When the 3-

D solution comes out, the display rate will be restored to 1Hz or 10Hz.  The related 

changes were made in three C language files: DISPLAY.C, CMD.C and NAV.C.  The 

control variable is unsigned char ucDisplaySuspendTime. Two routines are carefully 

rearranged according to the value of the control variable in order to optimize the 

computation burden.  One is void NavigateFull(obsstruc *obs), which attempts to 

produce a navigation fix, and the other is void GetNavDataICP(obsstruc *obs) that 

maintains the integrated carrier phase measurements.  The third change was made in the 

main infinite loop of MAIN.C.  Originally, only one satellite is updated with elevation, 

azimuth and Doppler predictions every iteration of loop. The loop will usually be 

reentered approximately every 1 second.  There are a total of 32 satellites, so that means 

it will take at least 32 seconds for a satellite to get updated with those predictions.  It is 

not adequate for LEO satellites with high altitude and speed.  Therefore, modification 

was made to update 32 satellites, not only one satellite per iteration.   

After these modifications and all the other minor changes, the GPS sensor can lock 

and track vehicles with high speed and altitude.  The testing results will be shown in next 

chapter.   

RS-232 Communication for the GPS Simulator Remote Control Operation 

The advantage of the GPS Builder-2.1TM development kit is that it is an open 

system.  We can freely modify and completely control the GPS receiver.  So it is very 

flexible and can be easily integrated into other systems.  We currently have a GPS 
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simulation system that is intended to serve a satellite flying formation project, which also 

gives the GPS sensor a stage to play on.  Figure 4-8 illustrates a formation flying system 

with a GPS signal strength sensor as a data source, a GPS gateway as a relay, a GPS 

simulator as a data processor, and other GPS receivers as RF terminals.  Two programs 

have been developed to drive the system.  One is on the sensor end, transferring data in a 

certain format to another computer via a female-to-female RS-232 or serial cable.  This 

program, or more precisely, a Communication (COM) port interface, has a prototype.  

The only modification is to obtain and reorganize the data in a certain format that can be 

easily recognized by the GPS gateway.  Table 4-6 shows how the C language source code 

gets and reformats the data, and outputs the data via a COM port.   

 

Figure 4-8. The GPS sensor transfers data to a GPS gateway via a RS-232 cable, and then 
the GPS gateway reorganize the data into TCP/IP packages and relays it to the 
Spirent GSS6560 Multi-Channel GPS/SBA Simulator via an Ethernet cable  

 

Table 4-6. RS-232 data output 
    memset(buffer, 0, sizeof(buffer)); 
    length = sprintf(&buffer[0],"%.1lf,%.1lf,%.1lf,%.1lf,%.1lf,%.1lf; 
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                                %10.15lf,%10.15lf,%10.15lf,", 
                                N.x, N.y, N.z, N.velx, N.vely, N.velz, 
                                N.lon*R2D,N.lat*R2D,N.hgt); 
    CurrentTIC(&cTIC); 
    TICToGpsTime(cTIC,&gwk,&gsec);           /* Get current time */ 
    GpsTimeToUTCDate(gwk,gsec,&year,&month,&day,&hour,&minute,&dtemp) 
    length += sprintf(&buffer[length],"%5.4lf,%5.4lf,%2.15lf,%.2d,%.2d,%.2d,%.2d,%.4d", 
                    N.speed,N.hdg,dtemp,minute,hour,day,month,year); 
    while(buffer[length]!='\0')  
        _bios_serialcom(_COM_SEND,0,buffer[length++]); 

 

Design and Development of the GPS Simulation Remote Control Gateway 

As shown in Figure 4-8, the GPS gateway receives the raw data from the GPS 

sensor and then transmits the packaged data to the Spirent GSS6560 multi-channel 

GPS/SBAS simulator.   

The gateway software was designed to work under Windows2000®, and 

WindowsXP®.  It should have three modules: the first module should be related to COM 

port; the second module should deal with TCP/IP; and of course the third module should 

connect the first two modules and exchange data between them.  The third module should 

have a graphic user interface (GUI) with drop-down menus, toolbar and status bar.  The 

interface should be split into two parts: one to display the contents of data, the other input 

commands.  Figure 4-9 shows the block diagram of the GPS Simulation Remote Control 

Gateway.  Based on the design, I use Microsoft Visual C++ ® to implement the whole 

software.  Figure 4-10 shows the main graphic user interface (GUI) with a COM port 

settings dialog window.  Through the dialog window, you can control which COM port 

and what baud rate for the RS-232 communication will be used.  The main interface 

window is split into two parts: the first one with the white background color on the 

bottom is the command input window, though which commands can be sent to the 

Spirent GSS6560 multi-channel GPS/SBAS simulator to control its actions.  The second 
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one with gray background color is the display window.  It echoes the input COM data 

and output commands.   

 

Figure 4-9. Block Diagram of the GPS Simulation Remote Control Gateway. It has three 
modules: COM Module, graphic user interface (GUI) Module, and Ethernet 
Module.   

 

 

Figure 4-10. The graphic user interface of the GPS Simulation Remote Control Gateway. 
It provides a dialog window for COM Port Settings. The split window with 
white background color on the bottom is a command input window and the 
window above it is a display window.   
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When the Spirent GSS6560 multi-channel GPS/SBAS simulator receives the 

commands with data through TCP/IP network, it will execute the commands, process the 

data, and use the RF Generator to transfer the GPS RF signals to the GPS terminals 

through GR-58 coaxial cable.  In this scenario, the GPS gateway is the brain of the 

system and it has the complete control over other components.  The Remote Control 

Command Syntax can be found in [14].   

Development of VT & NASA PiVoT GPS Sensor under Red Hat Linux 

Based on the NASA PiVoT GPS receiver and the source code under Red Hat Linux 

6.1, a GPS signal strength sensor is developed.  The modification to the signal strength 

detection and calculation is similar to the GPS sensor under WindowTM98.  The main 

effort is to understand source code and try to figure out how to configure and run the GPS 

receiver since there are about 130 C files and header files and there is no manual and any 

other support documentation.  Figure 4-11 is the interface on the Linux host machine. 

 

Figure 4-11. VT&NASA PiVoT GPS signal strength sensor interface 
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You can telnet to the Linux host computer, run the GPS signal strength sensor 

using a super user account, and monitor and log the signal strength data remotely.  It can 

be done all around the world.  The only thing you need is the Internet access and the IP 

address of the server.  Figure 4-12 shows the remote terminal display.  All the operations 

to the sensor are as same as the host server.   

 

Figure 4-12. Remotely monitor and log the signal strength data through the Internet. 

For a MicrosoftTM WindowsTM computer to access the GPS sensor remotely, a 

terminal program is needed.  NetTerm can be used without any particular configurations 

to the fonts and other parameters.  It can also be freely downloaded from many websites.  

Figure 4-13 is the main screen shot of the VT & NASA PiVoT GPS signal strength 

sensor under the NetTerm terminal program.   
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Figure 4-13. A MicrosoftTM WindowsTM computer can access the GPS signal strength 
sensor using a terminal program called NetTerm. 

With the help of the Linux sensor, it possible to set up an inexpensive centrally 

controlled but widely or globally distributed GPS sensor network.  All the real-time data 

taken by the distributed sensors can be monitored, collected and processed by a central 

server.  This kind of real-time data collection and processing capability may provide 

scientists and engineers with the deeper insight into the Earth's outside, surface and 

inside.  It can also be a global/local monitoring system with good sensitivity or even 

better sensitivity with the improvement of the hardware and frequency plan.  

 

 

 



CHAPTER 5 
TESTING OF THE GPS SIGNAL STRENGTH SENSOR 

The objective of the GPS signal strength sensor is to detect the GPS signals, display 

the signal variations, and record the signal strength data without any distortion.  The 

absence of distortion does not mean that the values of the detected signal strength are the 

exact power levels of the RF signal reaching the antenna.  Note that the actual GPS RF 

signals are buried under the noise, and moreover, the antenna, pre-amplifier, cable, 

connector, AGC, and other circuitry will give gains and losses.  So the final signal that 

gets to the GPS correlator and will be detected and decoded, of course, contains thermal 

noise, introduced gains and losses, and even unexpected non-linear distortions from some 

components.  But it won’t stop us.  Actually we do not need the exact signal level at the 

antenna.  We only need the relative values that will be compared from time to time, if we 

keep system environments the same.  The comparison result can reflect some changes in 

the propagation path.  If we use the same antenna, amplifiers, cables, receiver, and even 

the same connectors, and if there are some changes along the paths from a GPS satellite 

or GPS simulator to the sensor, and if the senor can detect the signals themselves and the 

signal changes, and the changes are consistent and linearly related the changes along the 

path, and then the sensor is useful; otherwise, it cannot be used as an instrument.  In order 

to test the sensor, two steps have been taken.  The first step, simplest and straightforward, 

is to use the GPS simulator to investigate the relation between the simulator output power 

level and the detected signal strength in the sensor.  The second step, which takes into 
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account the pre-amplifier, is to insert a pre-amplifier together with a 50dB attenuator 

between the simulator and the sensor.   

Testing of the GPS sensor directly connected to the GPS simulator 

The first testing system is shown in Figure 5-1.  The sensor is directly connected to 

the simulator RF output port.  The testing uses static scenarios with a fixed antenna at the 

position (Lat:37o23.110´, Lon:-80o42.540´, Hgt:630.00m), which is roughly the position 

of the roof of Whittemore Hall.  SimGENTM is the software controlling the simulator RF 

hardware box.  It has a power adjustment window.  It is the power adjustment window 

that allows us to test the GPS sensor on different signal levels.  The window is shown in 

Figure 5-2.  Through this window, different RF signal levels can be chosen to test the 

GPS sensor.  The first testing set consists of 15 testing cases and each testing case takes 

12 minutes (from 00:08:00 GMT to 00:20:00 GMT on 07/21/2003).  The power level 

offset ranges from –10dB to +4dB and each testing case chooses one of the offsets.  

According to the observations, –8dB power level offset in the power adjustment window 

is approximately equivalent to the actual signal level from the real satellites.  Figure 5-3 

shows the GPS signal strength data logged by the sensor.  The data has been corrected by 

the three-segment AGC correction model.  The averaging interval is 10 seconds.  The 

unit of the signal strength is dB.  We can see from the figure that the testing cases are 

nearly evenly distributed with 1dB apart.  Recall that the output power levels from the 

simulator in these testing cases are 1dB separated, so the sensor is capable to measure the 

incoming RF signal changes.  Figure 5-8 shows the GPS RF signal spectrum at the sensor 

when the simulator output power level offset is 0dB.  This high GPS RF signal can only 

be generated by simulators in the laboratory.  When continuing increasing the RF signal 

level, we can see the sinc2(·) spectrum, which is shown in Figure 5-9.  For comparison, 
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the real GPS RF signal spectrum after an active antenna and a pre-amplifier is shown in 

Figure 5-10.  The spectrum is boosted by the pre-amplifier.  The combination gain of the 

antenna on the roof and the pre-amplifier is about 30dB.   

 
Figure 5-1. A GPS signal strength testing system with the sensor directly connected to the 

Spirent GSS6560 multi-channel GPS/SBAS simulator. 

 

 

During the testing, the offset 
step is 1dB.  Offset levels of 
–10dB, –9dB, –8dB, –7dB, 
–6dB, –5dB, –4dB, –3dB,   
–2dB, –1dB, 0dB, +1dB, 
+2dB, +3dB, +4dB are 
taken for testing.  Each 
testing of a level takes 12 
minutes. 

Figure 5-2. Power adjustment window of Spirent SimGENTM of the GSS6560 multi-
channel GPS/SBAS simulator. The window can adjust the GPS RF output 
signal level and thus allow us to test the sigal strength sensor.   
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without AGC correction with AGC correctionAGC 
correction 

 
 
Figure 5-7. Comparison between the signal strength data without/with AGC correction. 

When the input RF signal to the sensor is too high, the AGC gain is 
compressed and the measured signal strength levels are not evenly distributed. 

 

In practice, the real GPS RF signal is buried under the normal thermal noise and 

there is no indication of the GPS signal power level and thus there is no automatic AGC 

gain adjustment.  But if the input RF signal to the sensor is too high, the AGC gain will 

be compressed and the signal strength of the downconverted IF signal will be decreased, 

and so the final measured signal strength.  This can be reflected in Figure 5-5, Figure 5-6 

and Figure 5-7.  
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fc = 1575.42 MHz 

P = –82.32 dBm 

 
Figure 5-8. The GPS RF signal spectrum at the sensor input port when the simulator 

output power level offset is 0dB.  
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Figure 5-9. The GPS RF signal spectrum. It happens when the simulator output power 
level is very high. 
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fc = 1575.42 MHz 
P = –90.16 dBm 

 
Figure 5-10. The actual GPS RF signal spectrum. There is a pre-amplifier after an active 

antenna and before the GPS sensor. 

 

Figure 5-11 shows the mean measured signal strength for SV#4 when the simulator 

output power level offset is changed from +4dB to –10dB.  The averaging interval is 150 

seconds.  It is unlike Figure 5-3 that has small fluctuations.  The averaging interval for 

Figure 5-3 is 10 seconds.   
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Through the comparison between the testing systems with and without a pre-amplifier, 

we can see that this system has slightly bigger signal strength variations.  It may be 

caused by the noise introduced by the attenuator and pre-amplifier and by the 

nonlinearity from the pre-amplifier.  It can be expected that with an antenna involved, the 

testing results will be worsen, but it may only happen in short-time duration.  After some 

filtering techniques are used, for example, the simplest one, averaging the data, the 

testing results will be better and can display the trends, show the changes through 

comparison, and reveal characteristic things in a phenomenon.   

r

Figure 5-12. A testing system with a pre
purpose is to test the pre-amp
may distort the signal signific
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SV#11 dB dB SV#12 

≈ 1dB ≈ 1dB 

 

 
 
Figure 5-13. Mean measured GPS satellite signal strength vs. GPS time. The testing 

system has a pre-amplifier and a 50dB attenuator in the RF link. The simulator 
output power level offsets are –10dB, –11dB, –12dB, –13dB and –14dB. The 
distances between the detected signal strength levels are approximately 1dB.  
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Testing of Multipath Effects 

Multipath is the corruption of the direct GPS signal by one or more signals 

reflected or diffracted from the local surroundings.  These indirect signals affect both 

code and carrier based measurements in a GPS receiver.  Currently, the interest of GPS 

multipath research is increasing.  The GPS signal strength sensor can be a useful 

equipment to observe and record multipath effects and thus provide first-hand materials 

for further research.  Figure 5-14 is the first real-time observation of multipath effects in 

the GPS lab.  From the figure we can see that the period of multipath waveform is about 

tens of seconds. 

 
 

Figure 5-14. Real-time plot of multipath effects.  One of characteristics of a significant 
multipath is the "sinusodal" waveform. 
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After the development of the magnification window of the GPS signal strength 

senor, we can observe real-time multipath signals in detail.  Figure 5-15 shows the screen 

with the magnification window.  Sometimes multipath effects are ephemeral and won’t 

take more than 10 seconds and sometimes they will last for several minutes.   

 
 

Figure 5-15. With the help of the magnification window, we can observe multipath 
effects in detail. The data rate is 10Hz. 

The Spirent GSS6560 multi-channel GPS/SBAS simulator is a novel and powerful 

GPS simulation and testing equipment.  It provides channel assignment that allows direct 

user control over signal assignment to channels, definition of multipath signals and 

assignment of these multipath signals to channels.  Figure 5-16 shows the settings to be 

used in the following multipath testing.  The simulator generates one multipath echo for 

SV#3 with power offset of –15dB.  The multipath type is ground reflection.  Figure 5-17 

 



85 

shows the real-time observations by the GPS signal strength sensor.  The multipath signal 

is a nearly perfect sinusoidal waveform.  It is a demonstration that shows the sensor can 

be a useful and accurate instrument in the GPS area.  

 
 

Figure 5-16. Manual multipath settings for the Spirent GSS6560 multi-channel 
GPS/SBAS simulator. 
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Figure 5-17. Real-time screen shot of the multipath signals. The power offset of the line-
of-sight (LOS) signal is 0dB and the offset of the reflected signal is –15dB. 
The multipath signal waveform is nearly sinusoidal.   

 

Based on the scenario settings in Figure 5-16, when the power level offset of the 

reflected signal is reduced by 0.6dB, the whole multipath waveform will be shifted down 

by 0.4dB.  It is shown in Figure 5-18.  After logging, processing and comparing the data, 

we can clearly see the effects. 
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Figure 5-18. Comparison of two multipath signals. When power level offset of the 
reflected signal is reduced by 0.6dB, the whole multipath waveform is shifted 
down by 0.4dB.   

Figure 5-19 shows three randomly selected screen shots from the GPS sensor.  
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Figure 5-19. Multipath observations. The multipath signals are generated by the Spirent 
GSS6560 Multi-Channel GSP/SBAS Simulator. 
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Spacecraft Testing of the GPS Sensor 

As mentioned in CHAPTER 4, the speed and height limitations have been removed 

and the current GPS sensor can track spacecraft such as LEO satellites.  It is useful for 

satellite formation flying research and other GPS related areas in Aerospace and 

Electrical Engineering.  The Spirent GSS6560 multi-channel GPS/SBAS simulator is 

used to test the spacecraft tracking capability.  Figure 5-20 shows the spacecraft scenario 

running in the simulator.  Figure 5-21 shows the track information from the GPS sensor.  

We can see that the results obtained from the sensor are highly consistent with the 

simulator parameters.  

 

 
Figure 5-20. Spacecraft scenario for the Spirent GSS6560 multi-channel GPS/SBAS 

simulator. 

 

 



90 

 

Figure 5-21. Spacecraft track information from the GPS sensor with the height of 
67.944km and speed of 7.544km/s.  

 
Table 5-1.  Comparison between the GPS simulator parameters and the sensor 

measurements. 
 Latitude Longitude Height (m) Speed(m/s) Date UTC 
GSS6560  -14o55.074’   35o46.670’ 67,941.21 7545.85 19Aug2003 12:47:58 
GPS Sensor S14o53.9523’ E35o45.5310’ 67,944.09 7544.46 19/08/03 12:47:58 

∆      0o01.1217’   0o01.139’        2.88  1.39 0 0 
 
So, the space-borne sensor is fully operational and can be an accurate instrument for GPS 
signal measurements. 
 

 



CHAPTER 6 
BENCHMARK OF ASHTECH G12TM HDMA GPS OEM BOARD 

Design and Development of the COMTERM software 

Ashtech G12TM HDMA Hi-Memory OEM GPS board is a commercial space-borne 

high-performance GPS receiver.  It can be used to track LEO satellites.  The software 

called COMTERM has been designed and implemented in Microsoft Visual C++® to 

retrieve the signal strength data from the receiver.  It is a WindowsTM 32-bit 

asynchronous multi-thread graphic user interface (GUI) program, which is shown in 

Figure 6-1.  The new programming technique of asynchronous multi-thread can improve 

the performance of the software. 

 

data from the G12 receiver 

Figure 6-1. COMTERM screen capture with COM port settings dialogue and GPS board 
configuration dialogue in the interface. 
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We can see that there two setting dialogues on the right of Figure 6-1.  One is for 

Communication (COM) ports of a PC and another is for the data ports of the Ashtech 

G12TM HDMA Hi-Memory OEM GPS board.  The display window is a command input 

window as well.  You can see the messages sent to or received from the GPS board; and 

at the same time, you can use it to control the board.  All the commands including 

receiver commands, raw data commands, National Marine Electronics Association 

(NMEA) commands, and Radio Technical Commission for Maritime Services (RTCM) 

commands are specified in great detail in the Ashtech G12TM manual [15]. 

Testing of the COMTERM software 

COMTERM can send the commands to the Ashtech G12TM GPS OEM board to 

initialize the board, and then receive and log the position date, time, satellite number, and 

signal strength data from it.  A utility called SsExtract_One_Sat_Mean_Var_Ashtech.exe 

has also been designed and implemented to process the raw data file logged by 

COMTERM.  The program prompts you to input the averaging interval and then 

calculates the mean value and variance at the much higher speed than Matlab because the 

raw data file can be bigger than 10GB.   

Figure 6-2 is the normalized one-day signal strength, azimuth, and elevation vs. the 

sample number with the averaging interval of 10 seconds to show the relation between 

them.  The range of the mean signal strength (MSS) is from 26dB to 50dB while the y 

axis is linear compression of that range using the equation (MSS – 26dB)/(50dB – 26dB).  

Therefore, if MSS = 26dB, then y = 0, and if MSS = 50dB, then y = 1.  Similarly, the 

range of the azimuth is from 0o to 360o and the corresponding y is from 0 to 1 with the 

compression equation: AZI/360. The satellite elevation range [0, 90o] is mapped to the y 

range [0, 1], and the GPS time range [13s, 60480s] is mapped to the y range [0, 1].  In 
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order to illustrate the coordinate system and the relation between the actual values and y 

values, we list the detailed information for the three samples marked on Figure 6-2  

 

A B 

Low-resolution signal strength 

C 

Figure 6-2. Normalized mean signal strength, azimuth, and elevation vs. sample number 
for SV#5 from the Ashtech G12TM HDMA OEM board. The duration is one 
day and the averaging interval is 10 s. 

 
Table 6-1.  Detailed SV#5 information for Sample#400 (marker A), Sample#1760 

(marker B), and Sample#1930 (marker C) on Figure 6-2 from the Ashtech 
G12TM HDMA OEM board. 

Sample# Signal Strength(SS) y value(SS) Elevation Azimuth GPS Time 
400 44dB 0.75 26o 311o 373965.50 s 
1760 39dB 0.54 4o 212o 387565.50 s 
1930 33dB 0.29 4o 133o 402144.50 s 

 
Figure 6-3 shows the clearer plot of the same signal strength data set over three 

days.  The averaging interval is 150 seconds instead of 10 seconds as in Figure 6-2.  We 
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can see that the signal strength level is discrete with a step of 1dB.  The 1dB resolution is 

not sufficient for signal strength measurements.  Since it is not an open system and no 

development kit is available, it is impossible to improve the precision, although the 

precision may be good inside. 

 

Low-resolution signal strength 

Figure 6-3. Normalized mean signal strength, azimuth, and elevation for SV#5 over 3 
days from the Ashtech G12TM HDMA GPS OEM board. The averaging 
interval is 150 s. 

Figure 6-4 shows the variance of the GPS signal strength for SV#5.  It may contain 

some useful information about the signal propagation or multipath.  The second-order 

statistics of the signal strength will be investigated in the future. 
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Figure 6-4. Normalized variance of signal strength, azimuth, and elevation for SV#5 over 

4 days from the Ashtech G12TM HDMA OEM GPS board. The averaging 
interval is 150 s. 

 

 

 

 



CHAPTER 7 
CONCLUSION AND FUTURE WORK 

We have detailed the development and testing of a new GPS instrument - the 

space-borne GPS signal strength sensor.  The feature of this instrument is that it can 

measure the GPS L1 signal strength with high resolution of less than 0.05dB, plot and 

record the real-time signal strength at a rate of up to 10 Hz.  It is an accurate and 

convenient instrument for GPS signal observation and analysis.  It has no speed and 

height limitations of civil applications so that it can track spacecraft such as LEO 

satellites.  The GPS sensor can run under MS-DOSTM and MS-WindowsTM98.  And 

through the modification of the NASA PiVoT GPS receiver source code, a Linux version 

of the sensor has also been developed.  A communication gateway that connects the senor 

and a GPS remote control simulation server has already been designed and developed for 

the formation flying research.  A WindowsTM 32-bit asynchronous multi-thread GUI 

program for data retrieval and extraction of the Ashtech G12TM HDMA Hi-Memory 

space-borne OEM GPS board has been designed, developed and tested for comparison.  

The data includes the signal strength but the signal resolution is not smaller than 1dB, 

which is not suitable for GPS signal strength measurements.  We have also developed a 

set of C++ programs and Matlab scripts to process the data.  The GPS sensor has been 

fully tested by the Spirent GSS6560 multi-channel GPS/SBAS simulator.  The result 

shows that the measured signal strength with the AGC correction is proportional to the 

simulator output power level, therefore the GPS sensor is fully operational and can be an 

accurate instrument for GPS signal measurements. 
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The VT & NASA PiVoT GPS signal strength sensor under Red Hat Linux can be 

used to set up an inexpensive centrally controlled but widely or globally distributed GPS 

sensor network through Internet, which has the distributed real-time data collection and 

processing capability.  It can effectively help the research on ionospheric and 

atmospheric effects and irregularities. 

The next step is to use all these instruments and programs to study the ionospheric 

effects, scintillations, and atmospheric effects at GPS L1 frequency.  Formation flying 

and other GPS tracking applications will also be investigated in the future. 

 

 

 



APPENDIX A 
PART OF SOURCE CODE 

Table A-1. Conversion from ECEF Coordinate to WGS-84. 
/********************************************************** 
* Function: void XYZToLatLonHgt(double x, double y, double z, 
*                                                      double* lat, double* lon, double* hgt) 
* 
* Converts from ECEF coordinate system (x, y, z) 
*                to WGS-84 coordinate system (lat, lon, hgt) 
* 
* Input:    x – ECEF x axis in meters. 
*              y – ECEF y axis in meters. 
*              z – ECEF z axis in meters. 
* Output: lat – Pointer to the WGS-84 latitude in radians. 
*              lon – Pointer to the WGS-84 longitude in radians. 
*              hgt – Pointer to the WGS-84 height in meters. 
* 
* Return Value: None. 
*********************************************************/ 
void XYZToLatLonHgt(double x, double y, double z, 
                                     double* lat, double* lon, double* hgt) 
{ 
    double N, d, N_plus_h, rho, lat_old, hgt_old; 
    double a = 6378137.0E0;         /* The WGS-84 semi-major axis. */ 
    double b = 6356752.31425E0; /* The WGS-84 semi-minor axis. */ 
    /* WGS-84 first eccentricity squared. */ 
    double e2 = 0.00669437998863E0;                 /* e2 = 1 – (b2/a2) */ 
    /* WGS-84 first eccentricity. */ 
    double e = 0.08181919083342E0;               /* e = (1 – (b2/a2))0.5 */ 
    double eps = 1.0E-13;                                /* Convergence limit. */ 
    double dpi2 =1.570796326794897E0;       /* Convergence limit. */ 
 
    rho = sqrt(x*x + y*y);                                                   /*� = N + h */ 
    if (rho <= eps)                              /* eps is the convergence limit. */ 
    { 
        *lat = dpi2;            /* Come here if we are on the ECEF z axis. */ 
        if(z<0.0) *lat = -(*lat);              /* position is on the ECEF z axis */ 
        *lon = 0.0E0; 
        *hgt = fabs(z) - b; 
        return; 
    } 
 
    *lon = atan2(y, x); 
    *lat = atan2(z, rho); 
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    *hgt = rho/cos(*lat); 
    lat_old = *lat + 1.0E0; 
    hgt_old = *hgt + 1.0E0; 
 
    /* Calculate the solution iteratively. */ 
    while(fabs(*lat - lat_old) >= eps || fabs(*hgt - hgt_old) >= 0.01) 
    { 
        /* Require latitude to converge to about the precision of the 
           machine, and height to the precision of about a centimeter. */ 
        lat_old = *lat; 
        hgt_old = *hgt; 
        d = e*sin(lat_old); 
        N = a/sqrt(1.0E0 - d*d); 
        *hgt = rho/cos(lat_old) - N; 
        N_plus_h = N + *hgt; 
        d = 1.0E0 - e2*(N/N_plus_h); 
        *lat = atan2(z, rho*d); 
    } 
} 
 

 
 
Table A-2. Conversion from GPS time to UTC. 

/***************************************************************** 
* Function: void GpsTimeToUTCDate(int GpsWeek, double GpsSecond, 
*                                                   int* y, int* m, int* d, int* hh, int* mm, double* ss) 
* Converts from GPS time in week number and seconds to the UTC date and time. 
* Input: GpsWeek - The GPS week number. 
*           GpsSecond The GPS seconds into the week. 
* Output: y – Pointer to the UTC year. 
*              m – Pointer to the UTC month. 
*              d – Pointer to the UTC day. 
*              hh – Pointer to the UTC hour. 
*              mm – Pointer to the UTC minute. 
*              ss – Pointer to the UTC second. 
* Return Value: None. 
*******************************************************************/ 
* Function: void GpsTimeToUTCDate(int GpsWeek, double GpsSecond, 
                                                      int* y, int* m, int* d, int* hh, int* mm, double* ss) 
{ 
    /* Variable declarations and definitions are skipped here to save the pages 
    …… */ 
    /*  Skip some minor parts of judgment and calculation */ 
 
    /* GPS time begas at midnight Jan 5/Jan 6, 1980 UTC. */ 
    WholeUTCSecs = floor(GpsSecond); 
    FractUTCSecs = GpsSecond - WholeUTCSecs; 
    UTCSecNumber = 604800UL*GpsWeek + WholeUTCSecs; 
 
    /* Express current GPS time as elapsed UTC days and seconds. */ 
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    UTCDayNumber = (UTCSecNumber-PriorLeapSecs) / 86400UL; 
    SecOfDay = UTCSecNumber - UTCDayNumber * 86400UL; 
 
    /* ……*/ 
    /* Determine the number of Gregorian leap days which have been 
       completed since midnight Jan 5/Jan 6, 1980: 
       1) Compute whole UTC days elapsed since midnight Feb 29/Mar 1, 
          1976 by adding 1406 to UTCDayNumber. 
       2) Divide by 1461.  The integer quotient is the number of 
          completed leap days since midnight Jan 5/Jan 6, 1980. */ 
 
    CompletedLeapDays = (int)((UTCDayNumber+1406) / 1461); 
 
    /* Determine the current UTC year: 
       1) Compute whole UTC days elapsed since midnight Dec 31, 1979/ 
          Jan 1, 1980. 
       2) Subtract the cumulative completed UTC leap days.  These extra 
          leap days have been used to make some of the past years, or 
          the current year, longer by one day. 
       3) The number of completed UTC years since midnight Dec 31, 1979/ 
          Jan 1, 1980 is that difference divided by 365, the number of 
          days in a nominal UTC year. */ 
 
    CompletedUTCYears = (int)((UTCDayNumber + 5 - CompletedLeapDays) / 
365); 
    *y = 1980 + CompletedUTCYears; 
 
    /* Determine how many leap days have been completed in previous years 
       (not including the current year) */ 
 
    PrevYearsLeapDays = (*y-1977) / 4; 
 
    /* Determine the day of the current UTC year: 
       1) From the whole UTC days since Jan1, 1980, subtract the following: 
          a) 365 days for each nominal UTC year elapsed in the past, 
          b) The cumulative number of leap days occuring in past years 
             (that is, do not subtract out any leap day which occurred 
             in the current year). */ 
 
    DayOfUTCYear 
       = (int)(UTCDayNumber + 5 - 365*CompletedUTCYears - 
PrevYearsLeapDays); 
 
    /* ……*/ 
    HourOfUTCDay = (int)(SecOfDay/3600); 
    if(HourOfUTCDay > 23) 
        HourOfUTCDay = 23; 
    MinuteOfUTCHour = (int)((SecOfDay - HourOfUTCDay*3600UL) / 60); 
    if(MinuteOfUTCHour > 59) 
        MinuteOfUTCHour = 59; 
    SecOfUTCMinute = SecOfDay - HourOfUTCDay*3600UL - 
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MinuteOfUTCHour*60; 
 
    *hh = HourOfUTCDay; 
    *mm = MinuteOfUTCHour; 
    *ss = SecOfUTCMinute + FractUTCSecs; 
} 

 
 
Table A-3. Souce code for real-time GPS signal strength display, activated by the 

function key F2. 
/***************************************************************** 
* Function: void F2_Display(navstatestruc N,int y,int m,int d,int hh,int mm,int ss) 
* The display obtained by pressing key F2. 
* Input: navstatestruc N, date and time 
* Output: None. 
* Return Value: None. 
*****************************************************************/ 
void F2_Display(navstatestruc N, int y, int m, int d, int hh, int mm, int ss) 
{ 
    static int dispsv[MAXCHANNELS], dispsv1[MAXCHANNELS]; 
    char snrbuff[18],Ererrstr[12],DCstr[12], 
         Eicpstr[12],Errerrstr[12]; 
    int chan; 
    unsigned long ultemp; 
    double dtemp; 
    char pChar[32]; 
    static int m0, d0, y0, hh0, mm0, ss0; 
    settextstyle(DEFAULT_FONT, HORIZ_DIR, 1); 
    setcolor(BLACK); 
    memset(pChar, 0, 32); 
    sprintf(pChar,"%02i-%02i-%04i %02i:%02i:%02i", m0,d0,y0,hh0,mm0,ss0); 
    outtextxy(230, 472, pChar); 
    setcolor(LIGHTGREEN); 
    memset(pChar, 0, 32); 
    sprintf(pChar,"%02i-%02i-%04i %02i:%02i:%02i", m,d,y,hh,mm,ss); 
    outtextxy(230, 472, pChar); 
    m0 = m; 
    d0 = d; 
    y0 = y; 
    hh0 = hh; 
    mm0 = mm; 
    ss0 = ss; 
 
    settextstyle(DEFAULT_FONT, HORIZ_DIR, 1); 
    if(iFastRecordingStartFlag == 1) 
    { 
        setcolor(WHITE); 
        outtextxy(10, 472, "Fast Recording..."); 
    } 
    else if((iFastRecordingStartFlag == 0) || (iFastRecordingStartFlag == -1)) 
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    { 
        setcolor(BLACK); 
        outtextxy(10, 472, "Fast Recording..."); 
        iFastRecordingStartFlag = -2; 
    } 
 
    if(iCounter == 0) 
    { 
        setcolor(BLACK); 
        setlinestyle(SOLID_LINE, SOLID_LINE, NORM_WIDTH); 
        for(chan = 0; chan < MAXCHANNELS; chan++) 
        { 
            moveto(0, (chan + 1)*38); 
            lineto(639, (chan + 1)*38); 
        } 
 
        setcolor(YELLOW); 
        setlinestyle(DOTTED_LINE, DOTTED_LINE, NORM_WIDTH); 
        for(chan = 0; chan < MAXCHANNELS; chan++) 
        { 
            moveto(0, (chan + 1)*38); 
            lineto(639, (chan + 1)*38); 
        } 
 
        setlinestyle(SOLID_LINE, SOLID_LINE, NORM_WIDTH); 
        bar(0, 457, 639, 479); 
    } 
 
    for(chan=0; chan < MAXCHANNELS; ++chan) 
    { 
        putpixel(iCounter + 34, (chan + 1)*38 - puiPrevY[chan] - 2, BLACK); 
        putpixel(iCounter + 34, (chan + 1)*38 - puiPrevY[chan] - 1, BLACK); 
        putpixel(iCounter + 34 + 1, (chan + 1)*38 - puiPrevY[chan] - 1, BLACK); 
 
        setcolor(BLACK); 
        memset(pChar, 0, 32); 
        sprintf(pChar,"%.0f", pdSigStrenth[chan]); 
        settextstyle(SMALL_FONT, HORIZ_DIR, 2); 
        outtextxy(iCounter + 34 + 3, (chan + 1)*38 - puiPrevY[chan] - 8, pChar); 
        settextstyle(DEFAULT_FONT, HORIZ_DIR, 1); 
 
        bar(iCounter + 35, (chan + 1)*38 - 1, iCounter + 67, chan*38 + 1); 
 
        setcolor((chan%6) + 1); 
 
        if(iCounter != 0) 
        { 
            moveto(iCounter + 34, (chan + 1)*38 -  puiPrevY[chan]); 
        } 
        else 
        { 
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            moveto(iCounter + 34, (chan + 1)*38 - ppuiSsArray[chan][639 - 34]); 
        } 
 
        disable();  /* Must protect against the correlator ISR */ 
        ultemp = CH[chan].CdLI; 
        dispsv[chan] = CH[chan].SV; 
        enable(); 
 
        dtemp = ultemp; 
        pdSigStrenth[chan] = ultemp; 
 
        if(dtemp>(NOISE_FLOOR_FLOAT)/10.0) 
        { 
            sprintf(snrbuff,"%9.0f",dtemp); 
            puiPrevY[chan] = (unsigned 
int)(10*log10(dtemp/NOISE_FLOOR_FLOAT)*1.5); 
            if(puiPrevY[chan] < 0.5) 
            { 
                puiPrevY[chan] = 0; 
            } 
        } 
        else 
        { 
            puiPrevY[chan] = 0; 
             
        } 
 
        ppuiSsArray[chan][iCounter] = puiPrevY[chan]; 
        ppuiFastSsArray[chan][iCounter] = (unsigned int)(LINEAR_K*dtemp + 
LINEAR_B); 
 
        if(dispsv[chan] && (chan<ActiveChannels)) 
        { 
            if(N.Erngerr[chan]==0.0) 
                sprintf(Ererrstr,"      --"); 
            else if(fabs(N.Erngerr[chan])<100000.0) 
                sprintf(Ererrstr,"%8.1f",N.Erngerr[chan]); 
            else 
                sprintf(Ererrstr,"%8.1E",N.Erngerr[chan]); 
 
            if(N.Eicperr[chan]==0.0) 
                sprintf(Eicpstr,"      --"); 
            else if(fabs(N.Eicperr[chan])<100000.0) 
                sprintf(Eicpstr,"%8.1f",N.Eicperr[chan]); 
            else 
                sprintf(Eicpstr,"%8.1E",N.Eicperr[chan]); 
 
            if(N.Erraterr[chan]==0.0) 
                sprintf(Errerrstr,"      --"); 
            else if(fabs(N.Erraterr[chan])<100000.0) 
                sprintf(Errerrstr,"%8.1f",N.Erraterr[chan]); 
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            else 
                sprintf(Errerrstr,"%8.1E",N.Erraterr[chan]); 
 
            g_cSignalStrength[chan].elvd = elvd[dispsv[chan]-1]; 
            g_cSignalStrength[chan].azid = azid[dispsv[chan]-1]; 
            g_cSignalStrength[chan].dopp = dopp[dispsv[chan]-1]; 
 
            if(puiPrevY[chan] > 0) 
            { 
                lineto(iCounter + 35, (chan + 1)*38 - puiPrevY[chan]); 
            } 
 
            if(iCounter < 639 - 36) 
            { 
                putpixel(iCounter + 35, (chan + 1)*38 - puiPrevY[chan] - 2, WHITE); 
                putpixel(iCounter + 35, (chan + 1)*38 - puiPrevY[chan] - 1, WHITE); 
                putpixel(iCounter + 35 + 1, (chan + 1)*38 - puiPrevY[chan] - 1, WHITE); 
            } 
 
            setcolor(YELLOW); 
            memset(pChar, 0, 32); 
            sprintf(pChar,"CH%2d", (chan + 1)); 
            outtextxy(0, (chan + 1)*38 - 20, pChar); 
 
            if(dispsv1[chan] != dispsv[chan]) 
            { 
                setcolor(BLACK); 
                memset(pChar, 0, 32); 
                sprintf(pChar,"SV%2d", dispsv1[chan]); 
                outtextxy(0, (chan + 1)*38 - 10, pChar); 
                setcolor(WHITE); 
                memset(pChar, 0, 32); 
                sprintf(pChar,"SV%2d", dispsv[chan]); 
                outtextxy(0, (chan + 1)*38 - 10, pChar); 
 
                putpixel(iCounter + 35, (chan + 1)*38 - puiPrevY[chan] - 2, WHITE); 
                putpixel(iCounter + 35, (chan + 1)*38 - puiPrevY[chan] - 1, WHITE); 
                putpixel(iCounter + 35, (chan + 1)*38 - puiPrevY[chan], WHITE); 
                putpixel(iCounter + 35 + 1, (chan + 1)*38 - puiPrevY[chan] - 2, WHITE); 
                putpixel(iCounter + 35 + 1, (chan + 1)*38 - puiPrevY[chan] - 1, WHITE); 
                putpixel(iCounter + 35 + 1, (chan + 1)*38 - puiPrevY[chan], WHITE); 
                putpixel(iCounter + 35 + 2, (chan + 1)*38 - puiPrevY[chan] - 2, WHITE); 
                putpixel(iCounter + 35 + 2, (chan + 1)*38 - puiPrevY[chan] - 1, WHITE); 
                putpixel(iCounter + 35 + 2, (chan + 1)*38 - puiPrevY[chan], WHITE); 
            } 
            else 
            { 
                setcolor(WHITE); 
                memset(pChar, 0, 32); 
                sprintf(pChar,"SV%2d", dispsv[chan]); 
                outtextxy(0, (chan + 1)*38 - 10, pChar); 
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                setcolor(YELLOW); 
                memset(pChar, 0, 32); 
                sprintf(pChar,"%.0f", pdSigStrenth[chan]); 
                settextstyle(SMALL_FONT, HORIZ_DIR, 2); 
                outtextxy(iCounter + 35 + 3, (chan + 1)*38 - puiPrevY[chan] - 8, pChar); 
                settextstyle(DEFAULT_FONT, HORIZ_DIR, 1); 
            } 
 
            dispsv1[chan] = dispsv[chan]; 
        } 
    } 
} 
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