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GPS systems:NAVSTAR-GLONAAS-Beidou-QZSS-IRNSS-GPS receivers based on: Data 

type and yield-Realization of channels-Signal structure:Course Acquisition(code)-Carrier 

ranging and Navigational message 

 

Global Positioning System (GPS), originally Navstar GPS,[1] is a satellite-based 

radionavigation system owned by the United States government and operated by the United 

States Space Force.[2] It is one of the global navigation satellite systems (GNSS) that 

provides geolocation and time information to a GPS receiver anywhere on or near the Earth 

where there is an unobstructed line of sight to four or more GPS satellites.[3] Obstacles such as 

mountains and buildings block the relatively weak GPS signals. 

The GPS does not require the user to transmit any data, and it operates independently of any 

telephonic or internet reception, though these technologies can enhance the usefulness of the 

GPS positioning information. The GPS provides critical positioning capabilities to military, civil, 

and commercial users around the world. The United States government created the system, 

maintains it, and makes it freely accessible to anyone with a GPS receiver.[4][better source needed] 

The GPS project was started by the U.S. Department of Defense in 1973, with the first prototype 

spacecraft launched in 1978 and the full constellation of 24 satellites operational in 1993. 

Originally limited to use by the United States military, civilian use was allowed from the 1980s 

following an executive order from President Ronald Reagan.[5] Advances in technology and new 

demands on the existing system have now led to efforts to modernize the GPS and implement the 

next generation of GPS Block IIIA satellites and Next Generation Operational Control System 

(OCX).[6] Announcements from Vice President Al Gore and the Clinton Administration in 1998 

initiated these changes, which were authorized by the U.S. Congress in 2000. 

During the 1990s, GPS quality was degraded by the United States government in a program 

called "Selective Availability"; this was discontinued on May 1, 2000 by a law signed by 

President Bill Clinton.[7] 

The GPS service is provided by the United States government, which can selectively deny access 

to the system, as happened to the Indian military in 1999 during the Kargil War, or degrade the 

service at any time.[8] As a result, several countries have developed or are in the process of 

setting up other global or regional satellite navigation systems. The Russian Global Navigation 

Satellite System (GLONASS) was developed contemporaneously with GPS, but suffered from 

incomplete coverage of the globe until the mid-2000s.[9] GLONASS can be added to GPS 

devices, making more satellites available and enabling positions to be fixed more quickly and 

accurately, to within two meters (6.6 ft).[10] China's BeiDou Navigation Satellite System began 

global services in 2018, and finished its full deployment in 2020.[11] There are also the European 

Union Galileo positioning system, and India's NavIC. Japan's Quasi-Zenith Satellite 

System (QZSS) is a GPS satellite-based augmentation system to enhance GPS's accuracy 

in Asia-Oceania, with satellite navigation independent of GPS scheduled for 2023.[12] 

When selective availability was lifted in 2000, GPS had about a five-meter (16 ft) accuracy. The 

latest stage of accuracy enhancement uses the L5 band and is now fully deployed. GPS receivers 
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released in 2018 that use the L5 band can have much higher accuracy, pinpointing to within 30 

centimeters (11.8 in).[13][14] 

 

 

GLONASS (Russian: ГЛОНАСС, IPA: [ɡɫɐˈnas]; Глобальная навигационная спутниковая 

система, Global Navigation Satellite System), is a space-based satellite navigation system 

operating as part of a radionavigation-satellite service. It provides an alternative to GPS and is 

the second navigational system in operation with global coverage and of comparable precision. 

Manufacturers of satellite navigation devices say that adding GLONASS made more satellites 

available to them, meaning positions can be fixed more quickly and accurately, especially in 

built-up areas where buildings may obscure the view to some GPS satellites.[1][2][3] GLONASS 

supplementation of GPS systems also improves positioning in high latitudes (north or south).[4] 

Development of GLONASS began in the Soviet Union in 1976. Beginning on 12 October 1982, 

numerous rocket launches added satellites to the system, until the completion of 

the constellation in 1995. After a decline in capacity during the late 1990s, in 2001, the 

restoration of the system was made a government priority and funding increased substantially. 

GLONASS is the most expensive program of the Roscosmos, consuming a third of its budget in 

2010. 

By 2010, GLONASS had achieved full coverage of Russia's territory and in October 2011 the 

full orbital constellation of 24 satellites was restored, enabling full global coverage. The 

GLONASS satellites' designs have undergone several upgrades, with the 2020 latest 

version, GLONASS-K2, scheduled to enter service in 2022.[5] An announcement predicts the 

deployment of a group of communications and navigational satellites by 2040. The task also 

includes the delivery to the Moon of a series of spacecraft for orbital research and the 

establishment of a lunar communications and positioning system 

 

Galileo is a global navigation satellite system (GNSS) that went live in 2016,[5] created by 

the European Union through the European Space Agency (ESA), operated by the European 

GNSS Agency (GSA),[6] headquartered in Prague, Czech Republic,[7] with two ground operations 

centres in Fucino, Italy, and Oberpfaffenhofen, Germany. The €10 billion project[4][8] is named 

after the Italian astronomer Galileo Galilei. One of the aims of Galileo is to provide an 

independent high-precision positioning system so European nations do not have to rely on the 

US GPS, or the Russian GLONASS systems, which could be disabled or degraded by their 

operators at any time.[9] The use of basic (lower-precision) Galileo services is free and open to 

everyone. The higher-precision capabilities are available for paying commercial users. Galileo is 

intended to provide horizontal and vertical position measurements within 1-metre precision, and 

better positioning services at higher latitudes than other positioning systems. Galileo is also to 

provide a new global search and rescue (SAR) function as part of the MEOSAR system. 

The first Galileo test satellite, the GIOVE-A, was launched 28 December 2005, while the first 

satellite to be part of the operational system was launched on 21 October 2011. By July 2018, 26 

of the planned 30 active satellites (including spares) were in orbit.[10][11] Galileo started offering 
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Early Operational Capability (EOC) on 15 December 2016,[1] providing initial services with a 

weak signal, and reached Full Operational Capability (FOC) in 2019.[12] The full Galileo 

constellation will consist of 24 active satellites,[13] which is expected by 2021.[14] It is expected 

that the next generation of satellites will begin to become operational after 2025 to replace older 

equipment, which can then be used for backup capabilities. 

By early 2020, there were 26 launched satellites in the constellation: 22 in usable condition (i.e. 

the satellite is operational and contributing to the service provision), two satellites are in 

"testing" and two more not available to users.[15][16] Out of 22 active satellites, three were from 

the IOV (In-Orbit Validation) types and 19 of the FOC types. Two test FOC satellites are 

orbiting the Earth in highly eccentric orbits whose orientation changes with respect to other 

Galileo orbital planes.[17] The Galileo system has a greater accuracy than GPS, having an 

accuracy of less than one metre when using broadcast ephemeris (GPS: three metres)[18] and 1.6 

centimetre (GPS: 2.3 centimetre) when using real-time corrections for satellite orbits and 

clocks.[19] 

The BeiDou Navigation Satellite System (BDS) (Chinese: 北斗卫星导航系统; pinyin: Běidǒu 

Wèixīng Dǎoháng Xìtǒng [pèitòu wêiɕíŋ tàuxǎŋ ɕîtʰʊ̀ŋ]) is a Chinese satellite navigation system. 

It consists of two separate satellite constellations. The first BeiDou system, officially called the 

BeiDou Satellite Navigation Experimental System and also known as BeiDou-1, consisted of 

three satellites which, beginning in 2000, offered limited coverage and navigation services, 

mainly for users in China and neighboring regions. BeiDou-1 was decommissioned at the end of 

2012. On 23 June 2020, the final BeiDou satellite was successfully launched, the launch of the 

55th satellite in the Beidou family. The third iteration of the Beidou Navigation Satellite System 

promises to provide global coverage for timing and navigation, offering an alternative to 

Russia's GLONASS, the European Galileo positioning system, and America's GPS. 

The second generation of the system, officially called the BeiDou Navigation Satellite System 

(BDS) and also known as COMPASS or BeiDou-2, became operational in China in December 

2011 with a partial constellation of 10 satellites in orbit.[4] Since December 2012, it has been 

offering services to customers in the Asia-Pacific region.[5] 

In 2015, China launched the third generation BeiDou system (BeiDou-3) for global coverage. 

The first BDS-3 satellite was launched on 30 March 2015.[6] On 27 December 2018, BeiDou 

Navigation Satellite System started providing global services.[7][8] The 35th and the final satellite 

of BDS-3 was launched into orbit on 23 June 2020.[9] It was said in 2016 that BeiDou-3 will 

reach millimeter-level accuracy (with post-processing).[10] 

According to China Daily, in 2015, fifteen years after the satellite system was launched, it was 

generating a turnover of $31.5 billion per annum for major companies such as China Aerospace 

Science and Industry Corporation, AutoNavi Holdings Ltd., and China North Industries Group 

Corp.  

The Quasi-Zenith Satellite System (QZSS), also known as Michibiki (みちびき), is a four-

satellite regional time transfer system and a satellite-based augmentation system development by 

the Japanese government to enhance the United States-operated Global Positioning 

System (GPS) in the Asia-Oceania regions, with a focus on Japan.[1] The goal of QZSS is to 

provide highly precise and stable positioning services in the Asia-Oceania region, compatible 

with GPS.[2] Four-satellite QZSS services were available on a trial basis as of January 12, 
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2018,[3] and officially started on November 1, 2018.[4] A satellite navigation system independent 

of GPS is planned for 2023 with 7 satellites 

The Indian Regional Navigation Satellite System (IRNSS), with an operational name 

of NavIC (acronym for Navigation with Indian Constellation; also, nāvik 'sailor' or 'navigator' in 

Indian languages),[3] is an autonomous regional satellite navigation system that provides accurate 

real-time positioning and timing services.[4] It covers India and a region extending 1,500 km 

(930 mi) around it, with plans for further extension. An extended service area lies between the 

primary service area and a rectangle area enclosed by the 30th parallel south to the 50th parallel 

north and the 30th meridian east to the 130th meridian east, 1,500–6,000 km (930–3,730 mi) 

beyond borders.[5] The system currently consists of a constellation of seven satellites,[1][6] with 

two additional satellites on ground as stand-by.[7] 

The constellation is in orbit as of 2018, and the system was expected to be operational from early 

2018[8][9] after a system check.[10] NavIC will provide two levels of service, the "standard 

positioning service", which will be open for civilian use, and a "restricted service" 

(an encrypted one) for authorised users (including the military). 

NavIC based trackers are compulsory on commercial vehicles in India[11][12] and it is planned to 

become available in consumer mobile phones in the first half of 2020.[13] 

There are plans to expand the NavIC system by increasing its constellation size from 7 to 11 

 

 Receivers and Methods 

 

 recognize the basic functions of the common features of GPS receivers, the antenna, the 

preamplifier, the RF section, the microprocessor, the CDU, the storage and the power; 

 recognize some of the important issues in choosing a GPS receiver; 

 discuss some of the trends in receiver development; 

 explain some GPS surveying methods; 

 demonstrate static; 

 explain differential GPS. DGPS; 

 explain kinematic; 

 describe pseudokinematic; 

 identify rapid-static; 

 define on-the-fly; and 

 recognize real-time-kinematic. 

Receivers for GPS Surveying 

 

GPS Receiver Schematic 
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The receivers are the most important hardware in a GPS surveying operation. Their 

characteristics and capabilities influence the techniques available to the user throughout the 

work. There are many different GPS receivers on the market. Some of them are appropriate for 

surveying, and they share some fundamental elements. Though no level of accuracy is ever 

guaranteed, with proper procedures and data handling they are generally capable of accuracies 

from sub meter to centimeters. Most are also capable of performing differential GPS, real-time 

GPS, static GPS, etc., and are usually accompanied by processing and network adjustment 

software and so on. 

GPS receivers come in a variety of shapes and sizes. Some have external batteries, data 

collectors. Some are tripod mounted. Some are hand-held and have all components built in, and 

some can be used in both ways, with externals and without. Nevertheless, most have similar 

characteristics. Here is a schematic drawing of a GPS receiver.  It includes some of the common 

components. 

 

GPS Satellite and the Earth 

A GPS receiver must collect and then convert signals from GPS satellites into measurements of 

position, velocity, and time. There is a challenge in that the GPS signal has low power. An 

orbiting GPS satellite broadcasts its signal across a cone of approximately 28º of arc. From the 

satellite’s point of view, about 11,000 miles up, that cone covers a substantial portion of the 

whole planet. It is instructive to contrast this arrangement with a typical communication satellite 

that not only has much more power, but also broadcasts a very directional signal. Its signals are 

usually collected by a large dish antenna, but the typical GPS receiver has a small, relatively 

non-directional antenna. Stated another way, a GPS satellite spreads a low power signal over a 

large area rather than directing a high power signal at a very specific area. Fortunately, antennas 

used for GPS receivers do not have to be pointed directly at the signal source. The GPS signal 

also intentionally occupies a broader bandwidth than it must to carry its information. This 

characteristic is used to prevent jamming and mitigate multipath but, most importantly, the GPS 

signal itself would be completely obscured by the variety of electromagnetic noise that surrounds 

us if it were not a spread spectrum coded signal. In fact, when a GPS signal reaches a receiver, 



its power is actually less than the receiver's noise level; fortunately, the receiver can still extract 

the signal and achieve unambiguous satellite tracking using the correlation techniques described 

earlier. To do this job, the elements of a GPS receiver function cooperatively and iteratively. 

That means that the data stream is repeatedly refined by the several components of the device 

working together as it makes its way through the receiver. 

The Antenna and The Right Hand Circular Polarized Signal 

 

Right Hand Circular Polarized Signal 

Source: Galileo GNSS 

The antenna, radio frequency (RF) section, filtering and intermediate frequency elements are in 

the front of a GPS receiver. The antenna collects the satellite’s signals and converts the incoming 

electromagnetic waves into electric currents sensible to the RF section of the receiver. Several 

antenna designs are possible in GPS, but the satellite’s signal has such a low power density, 

especially after propagating through the atmosphere, that antenna efficiency is critical. 

Therefore, GPS antennas must have high sensitivity, also known as high gain. They can be 

designed to collect only the L1 frequency, L1 and L2, or all signals, including L5. In all cases, 

they must be Right Hand Circular Polarized, (RHCP), as are the GPS signals broadcast from 

the satellites. 

Polarized waves oscillate in more than one direction. The electrical field vectors of the GPS 

Signal have a constant magnitude, but their direction rotates so that the electrical field vector of 

the wave describes a helix in the direction of propagation. Said another way, circularly polarized 

waves are those where the angle of the electric vector rotates around an imaginary line traveling 

in the direction of the propagation of the wave. The rotation may be either to the right or left. 

The GPS signal is a Right-Hand Circularly Polarized (RHCP) wave. You can illustrate it this 

way. With your right hand, give the thumbs up signal. Now, instead of pointing your thumb up, 

point it in the direction that the GPS signal is propagating. Your curling fingers show you the 

direction of the rotation of the field. 

https://galileognss.eu/galileo-signal-polarization/


The Antenna 

 

Top left: Microstrip patch antenna, Top right: Quadrifilar antenna 

Bottom left: Dipole antenna, Bottom right: Helix antenna 

The illustration shows antenna types. They are not specifically GPS antennas. 

Most receivers have an antenna built in, but many can accommodate a separate tripod-mounted 

or range pole-mounted antenna as well. These separate antennas sometimes require connecting 

coaxial cables. The cables are an important detail. The longer the cable, the more of the GPS 

signal is lost traveling through it. They are usually in standard lengths to make sure that the 

impedance of the trip through the cable can be calibrated.  

As mentioned earlier, the wavelengths of the GPS carriers are 19 cm (L1), 24 cm (L2) and 25 cm 

(L5), and antennas that are a quarter or half wavelength tend to be the most practical and 

efficient, so GPS antenna elements can be as small as 4 or 5 cm. Most of the receiver 

manufacturers use a microstrip antenna. These are also known as patch antennas. The microstrip 

may have a patch for each frequency so it can receive one or all of the GPS carriers. Microstrip 

antennas are durable, compact, have a simple construction and a low profile. The next most 

commonly used antenna is known as a dipole. You may recall that this is the kind of antenna that 

was used with the Macrometer, the first commercial GPS receiver. A dipole antenna has a stable 

phase center and simple construction, but needs a good ground plane. A ground plane also 

facilitates the use of a microstrip antenna where it not only ameliorates multipath, but also tends 

to increase the antenna’s zenith gain-- in other words, the gain of the antenna straight 

up. A quadrifilar antenna is a single frequency antenna that has two orthogonal bifilar helical 



loops on a common axis. Quadrifilar antennas perform better than a microstrip on crafts that 

pitch and roll, like boats and airplanes. They are also used in many recreational handheld GPS 

receivers. Such antennas have a good gain pattern, do not require a ground plane, but are not 

azimuthally symmetric. The least common design is the helix antenna. A helix is a dual 

frequency antenna. It has a good gain pattern, but a high profile. 

Bandwidth 

 

 

Power Spectral Density (PSD) Diagrams for L1 and L2 

Source: GPS for Land Surveyors 

An antenna ought to have a bandwidth commensurate with its application. In general, the larger 

the bandwidth the better the performance; however, there is downside. Increased bandwidth 

degrades the signal to noise ratio by including more interference. These PSD diagrams illustrate 

the C/A and P code signals power per bandwidth in Watts per Hertz as a function of 

frequency. GPS microstrip antennas usually operate in a range from about 2 to 20 MHz, which 

corresponds with the null-to-null bandwidth of the GPS signals. For example, the L2C signal, 

like the C/A, has the span of 2.046 megahertz. You can see it in the highest portion or the central 

lobe of the diagram. L5, like the P code, has a bandwidth of 20.46 megahertz, as you see in red. 

So an antenna on the front end of the receiver has to be able to accommodate that bandwidth of 

20.46 megahertz if it is to track all of these signals. If the system's tracking C/A code or the L2C 

only, it could have a narrower bandwidth. It would need 2.046 MHz for the central lobe of the 



C/A code, or if it were designed to track the L1C signal, its bandwidth would need to be 4.092 

MHz. A dual frequency microstrip antenna would likely operate in a bandwidth from 10 to 20 

MHz. 

Nearly Hemispheric Coverage 

 



 

GPS Antenna Pattern 

Source: Navipedia.net 

Since a GPS antenna is designed to be omnidirectional, its gain pattern, that is the change in gain 

over a range of azimuths and elevations, ought to be nearly a full hemisphere, but not perfectly 

hemispheric. For example, most surveying applications filter the signals from very low 

elevations to reduce the effects of multipath and atmospheric delays. A portion of the GPS signal 

may come into the antenna from below the mask angle; therefore, the antenna’s gain pattern is 

http://www.navipedia.net/images/a/ae/Patch_antenna_pattern.gif


specifically designed to reject such signals. Second, the contours of equal phase around the 

antenna’s electronic center, that is, the phase center, are not themselves perfectly spherical. 

The gain, or gain pattern, describes the success of a GPS antenna in collecting more energy from 

above the mask angle, and less from below the mask angle. A gain of about 3 to 5 decibels 

(dB) is typical for a GPS antenna.  Just a brief description of a decibel-- we'll be seeing a little bit 

more of it. The decibel is a tenth of a bell, which was named for Alexander Graham Bell.  It 

is a logarithmic dimensionless unit used to make a comparison. In this case, the gain of a real 

GPS antenna is compared to a theoretical lossless antenna that has perfectly equal capabilities in 

all directions. This imaginary perfection is known as an isotropic antenna. By the way a 3 decibel 

increase indicates a doubling of signal strength, and a 3 decibel decrease indicates a halving of 

signal strength so a typical omnidirectional GPS antenna with a gain of about 3 dB (decibels) has 

about 50% of the capability of that perfect isotropic antenna.  

A decibel watt, dbW, indicates the actual power of a signal compared to reference of one 

watt,The minimum power received from the C/A code on L1 is about -160dBW, -160 decibel 

Watts and the minimum power received from the P code on L2 is even less at -166 dBW. It is 

important that the GPS receiver antennas and pre-amplifiers be as efficient as possible, because 

the power received from the GPS satellites is low. 

Antenna Orientation 



 

Antenna Oriented to North 

Source: UNAVCO 

In a perfect GPS antenna, the phase center of the gain pattern would be exactly coincident with 

its actual, physical, center. If such a thing were possible, the centering of the antenna over a point 

on the earth would ensure its electronic centering as well. But that absolute certainty remains 

elusive for several reasons. 

It is important to remember that the position at each end of a GPS baseline is the position of the 

phase center of the antenna at each end, not their physical centers, and the phase center is not an 

immovable point. The location of the phase center actually changes slightly with the satellite’s 

signal. For example, it is different for the L2 than for L1 or L5. In addition, as the azimuth, 

intensity, and elevation of the received signal changes, so does the difference between the phase 

center and the physical center. Small azimuthal effects can also be brought on by the local 

environment around the antenna. But most phase center variation is attributable to changes in 

satellite elevation. In the end, the physical center and the phase center of an antenna may be as 

much as a couple of centimeters from one another. On the other hand, with today’s patch 

antennas, it can be as little as a few millimeters. It is fortunate that the shifts are systematic. To 

http://facility.unavco.org/kb/questions/61/How+to+use+declination+to+align+the+GNSS+antenna+to+true+north+(2+diagrams)


compensate for some of this offset error, most receiver manufacturers recommend users make 

sure their antennas are all oriented in the same direction when making simultaneous observations 

on a network of points. Several manufacturers provide reference marks on the antenna, so that 

each one may be rotated to the same azimuth, usually north, to maintain the same relative 

position between their physical and phase, electronic, centers. By orienting all the antennas in the 

same direction the offset between the phase center and the physical center is in the same 

direction at each point. Therefore, the baselines come out exactly as if the physical and the phase 

center were coincident. 

It's only when we're talking about control work, work that needs to be quite accurate, that all of 

the antennas need to be oriented to the same direction. 

Height of Instrument 

 

Measuring the Antenna Height 

Source: NOAA 

The antenna's configuration also affects another measurement critical to successful GPS work - 

the height of the instrument. An incorrect height of instrument is one of the most easily avoided 

errors. The measurement is normally made to some reference mark on the antenna.  In this 

diagram, you see many ways of measuring that height. It can be measured at slant height or 

measured with a tape, usually to the antenna reference point. The ARP, or the antenna reference 

point, is frequently the bottom of the mount of the antenna.  There's usually a correction to be 

added to actually bring that measurement up to the phase center of the antenna. This also 

becomes part of the necessary information when one is using continuously operating reference 

stations. We talked earlier about the fact that it is possible to take the downloads from NGS 

managed Continuously Operating Reference Station (CORS) stations that are available on the 

http://www.ngs.noaa.gov/RSD/forms/obslog.pdf


Internet and post-process the observations taken with a roving GPS receiver. If you are doing so, 

it is also necessary to know the height of the antenna at the CORS. Of course, that is not an 

antenna that you would've set up, but that information is available along with the files from the 

base station. 

The RF Section 

 

The Combined Beat Signal 

GPS for Land Surveyors 

The pre-amplifier is necessary, because the signal coming in from the GPS satellite is weak. The 

preamplifier increases the signal’s power, but it is important that the gain in the signal coming 

out of the preamplifier is considerably higher than the noise. Noise is always part of the 

signal. Since signal processing is easier if the signals arriving from the antenna are in a common 

frequency band, the incoming frequency is combined with a signal at a harmonic frequency. This 

latter, pure sinusoidal signal is the previously mentioned reference signal generated by the 

receiver’s oscillator. The two frequencies are multiplied together in a device known as a mixer. 

Two frequencies emerge: one of them is the sum of the two that went in, and the other is the 

difference between them. The sum and difference frequencies then go through a bandpass filter, 

an electronic filter that removes the unwanted high frequencies and selects the lower of the two. 

It also eliminates some of the noise from the signal. For tracking the P(Y)-code, this filter will 

have a bandwidth of about 20 MHz, but it will be around 2 MHz if the C/A code is required. In 



any case, the signal that results is known as the intermediate frequency (IF), or beat frequency 

signal. This beat frequency is the difference between the Doppler-shifted carrier frequency that 

came from the satellite and the frequency generated by the receiver’s own oscillator. In fact, to 

make sure that it embraces the full range of the Doppler effect on the signals coming in from the 

GPS satellites, the bandwidth of the IF itself can vary from 5 to 10 kHz Doppler. That spread is 

typically lessened after tracking is achieved.  

 

Autocorrelation 
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Phase Difference 
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As mentioned before, a replica of the C/A or P(Y) code is generated by the receiver’s oscillator 

and that is correlated with the IF signal. It is at this point that the pseudorange is measured. 

Remember, the pseudorange is the time shift required to align the internally generated code with 

the IF signal, multiplied by the speed of light. The receiver also generates another replica, this 

time a replica of the carrier. That carrier is correlated with the IF signal and the shift in phase can 

be measured. The continuous phase observable, or observed cycle count, is obtained by counting 

the elapsed cycles since lock-on and by measuring the fractional part of the phase of the receiver 

generated carrier.  

Channels 

 

Tracking Loops, Channels and the Microprocessor 

GPS for Land Surveyors 

We're not talking about just receiving one signal from one satellite but rather a minimum of four, 

and perhaps many more, from four to more satellites and the antenna itself does not sort the 

information it gathers. The signals from several satellites enter the receiver simultaneously. But 

in the channels of the RF section, the undifferentiated signals are identified and segregated from 

one another. There are usually several IF stages before the copies are sent into the separate 

channels, each of which extract the code and carrier information from a particular satellite.  A 

channel in a continuous tracking GPS receiver is not unlike a channel in a television set. It is 

hardware, or a combination of hardware and software, designed to separate one signal from all 

the others. A receiver may have 6 channels, 12 channels, or hundreds of channels. At any given 

moment, one frequency from one satellite can have its own dedicated channel, and the channels 

operate in parallel. This approach allows the receiver to maintain accuracy when it is on a 

moving platform; it provides anti-jamming capability and shortens the time to first fix (TTFF). 



Each channel typically operates in one of two ways; working to acquire the signal or to track it. 

Once the signal is acquired, it is continuously tracked unless lock is lost. If that happens, the 

channel goes back to acquisition mode and the process is repeated. 

While a parallel receiver has dedicated separate channels to receive the signals from each 

satellite that it needs for a solution, a multiplexing (aka muxing) receiver gathers some data from 

one satellite and then switches to another satellite and gathers more data and so on. Such a 

receiver can usually perform this switching quickly enough that it appears to be tracking all of 

the satellites simultaneously. A multiplexing receiver must still dedicate one frequency from one 

satellite to one channel at a time; it just makes that time very short. It typically switches at a 

rapid pace, i.e., 50 Hz. Even though multiplexing is generally less expensive, this strategy of 

switching channels is now little used. There are several reasons. While a parallel receiver does 

not necessarily offer more accurate results, parallel receivers with dedicated channels are faster; 

a parallel receiver has a more certain phase lock; and there is redundancy if a channel fails and 

they possess a superior signal-to-noise ratio (SNR). A multiplexing receiver also has a lower 

resistance to jamming and interference compared to continuous tracking receivers. Whether 

continuous or switching channels are used, a receiver must be able to discriminate between the 

incoming signals. They may be differentiated by their unique C/A codes on L1, their Doppler 

shifts, or some other method, but, in the end, each signal is assigned to its own channel. 



Tracking Loops 

 

Correlation Peak  
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There are code tracking loops, the delay lock loops (DLL) and carrier tracking loops, and the 

phase locking loops (PLL) in the receiver. Typically, both the code and the carrier are being 

tracked in phase lock. The tracking loops connected to each of the receiver’s channels also work 

cooperatively with each other. As mentioned, dual frequency receivers have dedicated channels 

and tracking loops for each frequency. 

Pseudoranging 

In most receivers, the first procedure in processing an incoming satellite signal is 

synchronization of the C/A code from the satellite’s L1 broadcast, with a replica C/A code 

generated by the receiver itself, i.e., the code-phase measurement.  When there is no initial match 

between the satellite’s code and the receiver’s replica, the receiver time shifts, or slews, the code 

it is generating until the optimum correlation is found. Then a code tracking loop, the delay lock 

loop, keeps them aligned. The time shift discovered in that process is a measure of the signal’s 

travel time from the satellite to the phase center of the receiver’s antenna. Multiplying this time 



delay by the speed of light gives a range. But it is called a pseudorange in recognition of the fact 

that it is contaminated by the errors and biases set out in Lesson 2. The tracking loops that we see 

in the schematic diagram at the top are the code tracking loops. 

Tracking loops are connected to each of the receiver's channels and also work cooperatively with 

each other. Multiple frequency receivers have dedicated channels and tracking loops for each 

frequency. Most receivers use the pseudorange range (the C/A code, on the L1) as the front door, 

so to speak, for the incoming satellite's synchronization. As we've discussed, the replica code is 

used to accomplish correlation. As you see in the diagram, the incoming signal is in the green at 

the top. The receiver replica is in blue. There is illustration of the replica as early, prompt, and 

late. When it is prompt, the replica and the incoming signal are correlated. 



 

 

Combined Beat Signal and Phase Correlation 

GPS for Land Surveyor 

Carrier Phase Measurement 

Once the receiver acquires the C/A code, it has access to the NAV message, or the newer 

navigation messages such as CNAV. It can read the ephemeris and the almanac information, use 



GPS time. But the code’s pseudoranges, alone, are not adequate for the majority of applications. 

Therefore, the next step in signal processing for most receivers involves the carrier phase 

observable. As stated earlier, just as they produce a replica of the incoming code, receivers also 

produce a replica of the incoming carrier wave. And the foundation of carrier phase 

measurement is the combination of these two frequencies. Remember, the incoming signal from 

the satellite is subject to an ever-changing Doppler shift, while the replica within the receiver is 

nominally constant. 

Carrier Tracking Loop 

The process begins after the PRN code has done its job and the code tracking loop is locked. By 

mixing the satellite’s signal with the replica carrier, this process eliminates all the phase 

modulations, strips the codes from the incoming carrier, and simultaneously creates two 

intermediate or beat-frequencies—one is the sum of the combined frequencies, and the other is 

the difference. The receiver selects the latter, the difference, with a bandpass filter. Then, this 

signal is sent on to the carrier tracking loop also known as the phase locking loop, PLL, where 



the voltage-controlled oscillator is continuously adjusted to follow the beat frequency exactly. 

This is basically how a GPS receiver locks on to that carrier and stays locked unless there is a 

loss of signal or a cycle slip. 

Doppler Shift 

 

 

 



We've talked about the Doppler shift in several different contexts. One was the original transit 

system, NNSS system that operated on the Doppler shift. As the satellite passes overhead, the 

range between the receiver and the satellite changes; that steady change is reflected in a smooth 

and continuous movement of the phase of the signal coming into the receiver.  GPS uses the 

Doppler shift as an observable.  It has broad applications in signal processing. It can be used to 

discriminate between the signals from various GPS satellites, to determine integer ambiguities in 

kinematic surveying, as a help in the detection of cycle slips, and as an additional independent 

observable for autonomous point positioning. But perhaps the most important application of 

Doppler data is the determination of the range rate between a receiver and a satellite. Range 

rate is a term used to mean the rate at which the range between a satellite and a receiver changes 

over a particular period of time. 

Typical Change in the Doppler Shift 

This graphic shows the typical rate of change in the Doppler shift with regards to a stationary, 

static, GPS receiver. The signal received would have its maximum Doppler shift, +4 1/2 to 5 

cycles per millisecond, when the satellite is at its maximum range, just as it is rising or setting. 

The Doppler shift continuously changes throughout the overhead pass. Immediately after the 

satellite rises, relative to a particular receiver, its Doppler shift gets smaller and smaller, until the 

satellite reaches its closest approach, at zenith.  At that moment its radial velocity with respect to 

the receiver is zero, the Doppler shift of the signal is zero as well. But as the satellite recedes, it 

grows again, negatively, until the Doppler shift once again reaches its maximum extent just as 

the satellite sets, -4 1/2 to 5 cycles per millisecond. It is very predictable. That predictability, the 

constant variation of the signal's Doppler shift, makes it a good observable. If the receiver's 

oscillator frequency is adjusted to match these variations exactly, as they're happening, it will 

duplicate the incoming signal's shift and phase. This strategy of making measurements using the 

carrier beat phase observable is a matter of counting the elapsed cycles and adding the fractional 

phase of the receiver's own oscillator. This is one way that the phase lock loop maintains its lock 

on the signal as the Doppler shift occurs with each of the satellites that it is tracking. 

With respect to the receiver, the satellite is always in motion even if the receiver is static. But the 

receiver may be in motion in another sense, as it is in kinematic GPS. The ability to determine 

the instantaneous velocity of a moving vehicle has always been a primary application of GPS 

and is based on the fact that the Doppler-shift frequency of a satellite’s signal is nearly 

proportional to its range rate. The Doppler shift can be used to discriminate between the signals 

of the various satellites to help in the determination of the integer ambiguity. It can help in 

detection of a loss of lock due to a cycle slip.  

Continuously Integrated Doppler 

The Doppler-shift and the carrier phase are measured by first combining the received frequencies 

with the nominally constant reference frequency created by the receiver’s oscillator. The 

difference between the two is the often mentioned beat frequency, an intermediate frequency, 

and the number of beats over a given time interval is known as the Doppler count for that 

interval. Since the beats can be counted much more precisely than their continuously changing 

frequency can be measured, most GPS receivers just keep track of the accumulated cycles, 



the Doppler count. The sum of consecutive Doppler counts from an entire satellite pass is often 

stored, and the data can then be treated like a sequential series of biased range 

differences. Continuously Integrated Doppler is such a process. The rate of the change in the 

continuously integrated Doppler shift of the incoming signal is the same as that of the 

reconstructed carrier phase. Integration of the Doppler frequency offset results in an accurate 

measurement of the advance in carrier phase between epochs. And as stated earlier, using 

double-differences in processing the carrier phase observables removes most of the error sources 

other than multipath and receiver noise. 

The Integer Ambiguity 

 

One-Way Ranging 

Source: GPS for Land Surveyors 

The solution of the integer ambiguity, the number of whole cycles on the path from satellite to 

receiver, would be more difficult if it was not preceded by pseudoranges, or code phase 

measurements in most receivers. This allows the centering of the subsequent double-difference 

solution. In other words, a pseudorange solution provides an initial estimate of the candidates for 

the integer ambiguity within a smaller range than would otherwise be the case, and, as more 

measurements become available, it can reduce them even further. After the code-phase 



measurements narrows the field, there are several methods used to solve the integer ambiguity. 

In the geometric method, the carrier phase data from multiple epochs are processed, and the 

constantly changing satellite geometry is used to find an estimate of the actual position of the 

receiver. This approach is also used to show the error in the estimate by calculating how its 

results hold up as the geometry of the constellation changes. This strategy requires a significant 

amount of satellite motion to succeed, and, therefore, takes time to converge on a solution. It 

works pretty well, but requires satellite motion and takes time to converge. Another approach to 

solving the integer ambiguity is filtering. Independent measurements are averaged to find the 

estimated position with the lowest noise level.  A third uses a search through the range of 

possible integer ambiguity combinations from which it calculates the one with the lowest 

residuals. These approaches can't assess the correctness of the particular answer, but they can 

provide the probability with certain conditions, that the answer is within given limits. Most GPS 

receivers use a combination of methods. Nearly all narrow the field by beginning with an initial 

position established by the code phase measurements. They then use one or more of methods in 

combination to come up with the most probable value for the solution of the integer ambiguity, 

the N, the number of full wave cycles between the receiver and the satellite at lock on, the key to 

carrier phase observations.  

Signal Squaring 

There is a method that does not use the codes carried by the satellite’s signal. It is called codeless 

tracking, or signal squaring. It was first used in the earliest civilian GPS receivers, supplanting 

proposals for a TRANSIT-like Doppler solution. It makes no use of pseudoranging and relies 

exclusively on the carrier phase observable. Like other methods, it also depends on the creation 

of an intermediate or beat frequency. But with signal squaring, the beat frequency is created by 

multiplying the incoming carrier by itself. The result has double the frequency and half the 

wavelength of the original. It is squared. There are some drawbacks to the method. For example, 

in the process of squaring the carrier, it is stripped of all its codes. The chips of the P(Y) code, 

the C/A code, and the Navigation message normally modulated onto the carrier by 180° phase 

shifts are eliminated entirely. As discussed earlier, the signals broadcast by the satellites have 

phase shifts called code states that change from +1 to –1 and vice versa, but squaring the carrier 

converts them all to exactly 1. The result is that the codes themselves are wiped out. Therefore, 

this method must acquire information such as almanac data and clock corrections from other 

sources. Other drawbacks of squaring the carrier include the deterioration of the signal-to-noise 

ratio, because when the carrier is squared, the background noise is squared, too. And cycle slips 

occur at twice the original carrier frequency. But signal squaring has its up-side as well. It 

reduces susceptibility to multipath. It has no dependence on PRN codes and is not hindered by 

the encryption of the P code. The technique works as well on L2 as it does on L1 or L5, and that 

facilitates ionospheric delay correction. Therefore, signal squaring can provide high accuracy 

over long baselines. So, there is a cursory look at some of the different techniques used to 

process the signal in the RF section. Now let's look at the microprocessor of the receiver. 



The Microprocessor 

 

GPS Board 

Source: EKTA 

The microprocessor in a GPS receiver is the computer that manages data collection and is the 

home of the applications that mitigate multipath, noise, extract the ephemerides and other 

information from the Navigation message or newer navigation messages such as CNAV.  It 

controls the entire receiver: the digital circuits, the tracking and measurements. The receiver also 

has storage.  However, more and more, the microprocessor is expected to produce the position in 

real time, instantaneously, or near real-time by processing the ranging data, doing reference 

frame (datum) conversion, and sending the position to the control and display unit (CDU). There 

is a two-way street between the microprocessor and the CDU; each can receive information from 

or send information to the other.  

Differential Positioning 

 

Autonomous GPS 
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Autonomous single-point positioning using unsmoothed code pseudoranges are based upon 

corrections provided in the navigation messages, which, as you know, have a certain amount of 

weakness.  Though they have improved since Selective Availability has been switched off 

they are generally not as accurate as differentially corrected positions.  Code-based pseudoranges 

http://www.ekta.ee/html/e931.htm


using DGPS, differential GPS, can achieve good real-time, or post-processed results. DGPS is 

often used in collecting data for Geographical Information Systems, GIS. 

DGPS 

The type of differential positioning sometimes known as DGPS depends on code pseudorange 

observations, but requires at least two receivers. One receiver is placed on a control station, the 

base, and another on an unknown position, the rover. The base station antenna needn't be on a 

building as illustrated. It could be on a tower. It could be on a non-GPS satellite. There are 

services that allow you to subscribe to a correction signal. In those cases, there is a network of 

base stations collecting the signals from the constellation; the correction signal is compiled, 

beamed up to the non-GPS satellite, and that same message sent back down from the non-GPS 

satellite to subscribers. In all configurations the base and the rover simultaneously receive the 

same signals from the same constellation of at least four GPS/GNSS satellites. That's important 

in that way many of the errors in the observations are common to both the base and the rover 

receivers, the errors are correlated and tend to cancel each other to some degree. The data from 

such an arrangement can be post-processed; although, with a link between the base and the rover 

a correction signal can be sent to the rover so that differential results can be had in real-time. 

Improvements in this technology have refined the technique's accuracy markedly, and meter- or 

even submeter results are possible. Still, the positions are not as reliable as those achieved with 

the carrier phase observable. 

With GIS, corner search and mapping work excepted, much GPS work requires a higher standard 

of accuracy. Certainly, GPS control surveying often employs several static receivers that 

simultaneously collect and store carrier phase data from the same satellites for a period of time 

known as a session. After all the sessions for a day are completed, their data are usually 

downloaded in a general binary format to the hard disk of a PC for post-processing.  However, 

carrier phase positioning can also be done in real-time.  

Real-Time Kinematic 



 

Real-Time Kinematic (RTK) 
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Real-time kinematic surveying uses the carrier phase solution. Often, there is a radio link 

between the base and rover. While the baseline length with DGPS is often 100 to 200 kilometers 

or longer, the baseline length in RTK is more typically 10 to 20 kilometers, often less. However, 

the arrangement of receivers is similar: the constellation of satellites being tracked at the base 

station and also tracked at the rover, the base station is at a known point. There is a transmission 

antenna used in RTK. It transmits the correction signals to the rover in real time correction. 

While the arrangement is similar to DGPS, the solution is carrier phase as opposed to 

pseudorange. The minimum number of satellites with RTK is five. It is five, so that one can be 

lost and still assured that there will be a solution. 



The CDU 

 

Control and Display Unit (CDU) 

Source: Trimble 

A GPS receiver will often have a control and display unit. From handheld keyboards to soft keys 

around a screen to digital map displays and interfaces to other instrumentation, there are a variety 

of configurations. Nevertheless, they all have the same fundamental purpose, facilitation of the 

interaction between the operator and the receiver’s microprocessor. A CDU typically displays 

status, position data, velocity and time. It may also be used to select different surveying methods, 

waypoint navigation, and/or set parameters such as epoch interval, mask angle, and antenna 

height. The CDU can offer a combination of help menus, prompts, reference frame (datum) 

conversions, readouts of survey results, estimated positional error, and so forth. The information 

available from the CDU varies from receiver to receiver. But when four or more satellites are 

available, they can generally be expected to display the PRN numbers of the satellites being 

tracked, the receiver’s position in three dimensions, and velocity information. Most of them also 

display the dilution of precision and GPS time or UTC. 

http://www.trimble.com/construction/heavy-civil/site-positioning-systems/Trimble-Tablet.aspx?dtID=support


The Storage 

 

 

 

Storage   

Source: Top: OEM vs TPM, 

Middle: Nadav Soferman 

https://www.servicenetwork.org/blog/oem-vs-tpm/
https://cloudinary.com/blog/how_to_automatically_migrate_all_your_images_to_the_cloud


Bottom: https://www.officedepot.com/a/browse/usb-flash-drives/N=5+1461987 

Most GPS receivers today have internal data logging. The amount of storage required for a 

particular session depends on several things: the length of the session, the number of satellites 

above the horizon, the epoch interval, and so forth. For example, presuming the amount of data 

received from a single GPS satellite is ~100 bytes per epoch, a typical twelve channel dual-

frequency receiver observing 6 satellites and using a 1-second epoch interval over the course of a 

1-hour session would require ~2MB of storage capacity for that session. The miniaturization of 

storage continues. The cassettes, floppy disks, and drives used with the Macrometer are past. 

Extraordinary amounts of data can be stored in small convenient devices or sent to the cloud. 

The Power 

Battery power 

https://www.officedepot.com/a/browse/usb-flash-drives/N=5+1461987


 



Nickel Cadmium Battery Schematic 

It is fortunate that GPS receivers operate at low power. From 9 to 36 volts DC is generally 

required. This allows longer observations with fewer, and lighter, batteries than might be 

otherwise required. It also increases the longevity of the GPS receivers, themselves. About half 

of the available GPS carrier phase receivers have an internal power supply, and most will operate 

5½ hours or longer on fully charged 6-amp-hour battery. Most code-tracking receivers, those that 

do not also use the carrier phase observable, could operate for about 15 hours on the same size 

battery. Since most receivers in the field operate on battery power, batteries and their 

characteristics are fundamental to GPS/GNSS . A variety of batteries are used, and there are 

various configurations. For example, some units are powered by rechargeable batteries. Lithium, 

Nickel Cadmium, and Nickel Metal-Hydride may be the most common categories, but lead-acid 

car batteries still have an application as well.The obvious drawbacks to lead-acid batteries are 

size and weight. And there are a few others—the corrosive acid, the need to store them charged, 

and their low cycle life. Nevertheless, lead-acid batteries are especially hard to beat when high 

power is required. They are economical and long lasting. 

Nickel Cadmium batteries (NiCd) cost more than lead-acid batteries, but are small and operate 

well at low temperatures. Their capacity does decline as the temperature drops. Like lead-acid 

batteries, NiCd batteries are quite toxic. They self-discharge at the rate of about 10% per month, 

and even though they do require periodic full discharge, these batteries have an excellent cycle 

life. Nickel Metal-Hydride (NiMH) batteries self-discharge a bit more rapidly than NiCd 

batteries and have a less robust cycle life, but are not as toxic. Lithium–ion batteries overcome 

several of the limitations of the others. They have a relatively low self-discharge rate. They do 

not require periodic discharging and do not have a memory issues as do NiCd batteries. They are 

light, have a good cycle life and low toxicity. On the other hand, the others tolerate overcharging, 

and the lithium-ion battery does not. It is best to not charge lithium-ion batteries at temperatures 

at or below freezing. These batteries require a protection circuit to limit current and voltage, but 

are widely used in powering electronic devices, including GPS/GNSS receivers. 



Some GPS Surveying Methods 

 

GPS Receiver in Senegal 

Source: Jan Van Sickle 

Static GPS surveying was the first method of GPS surveying used in the field, and it continues to 

be the primary technique for GPS/GNSS control today. Relative static positioning involves 

several stationary receivers simultaneously collecting data from at least four satellites during 

observation sessions that usually last from 30 minutes to 2 hours. A typical application of this 

method would be the determination of vectors, or baselines as they are called, between several 

static receivers to accuracies from 1 ppm to 0.1 ppm over tens of kilometers. There are few 

absolute requirements for relative static positioning. The requisites include: more than one 

receiver, four or more satellites, and a mostly unobstructed sky above the stations to be occupied. 

But as in most of surveying, the rest of the elements of the system are dependent on several other 

considerations. 



 

Static Sessions Lengths 
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Here is a diagram of approximate session lengths required for GPS static surveying. For 

example, with an eight satellite constellation and a 10 kilometer baseline, something between a 

half an hour and an hour would typically be required. A four satellite constellation might require 

a session between one and two hours for a baseline of the same length. The assessment of the 

productivity of a GPS survey almost always hinges, in part at least, on the length of the 

observation sessions required to satisfy the survey specifications. The determination of the 

session's duration depends on several particulars, such as the length of the baseline and the 

relative position, that is the geometry, of the satellites among others. Generally speaking, the 

larger the constellation of satellites, the better the available geometry, the lower the positioning 

dilution of precision (PDOP), and the shorter the length of the session needed to achieve the 

required accuracy. For example, given six satellites and good geometry, baselines of 10 km or 

less might require a session of 45 minutes to 1 hour, whereas, under exactly the same conditions, 

baselines over 20 km might require a session of 2 hours or more. Alternatively, 45 minutes of 

six-satellite data may be worth an hour of four-satellite data, depending on the arrangement of 

the satellites in the sky. 



Relative static positioning, just as all the subsequent surveying methods discussed here, involves 

several receivers occupying many sites. Problems can be avoided as long as the receivers on a 

project are compatible. For example, it is helpful if they have the same number of channels and 

signal processing techniques. The subject comes up from time to time as to whether or not data 

from receivers from various manufacture can be used on the same project together at the ends of 

even the same baseline. The answer is, yes of course because fortunately, there is a  file format, 

that allows one to use receivers of many types together. It is the Receiver Independent Exchange 

Format, RINEX , developed by the Astronomical Institute of the University of Berne in 1989.  It 

allows different receivers and post-processing software to work together. Almost all GPS/GNSS 

processing software will output RINEX files.  

Receiver Categories 

Receiver Categories 

Click here to see a text description. 

GPS/GNSS Receivers 

 Recreation Receivers 

 Mapping Receivers 

 Surveying Receivers 

Source: GPS for Land Surveyors 

 

Receivers are generally categorized by their physical characteristics, the elements of the GPS 

signal they can use with advantage, and by the claims about their accuracy.   There are receivers 

that use only the C/A code on the L1 frequency and receivers that cross-correlate with the 

P(Y)  There are L1 carrier phase tracking receivers, dual-frequency and multi-frequency carrier 

phase tracking receivers, receivers that track all in view, and GPS/GNSS receivers. The more 

aspects of the GPS signal a receiver can employ, the greater its flexibility, but so, too, the greater 

its cost. It is important to understand receiver capabilities and limitations to ensure that the 

systematic capability of a receiver is matched to the required outcome of a project. As shown in 

the illustration, it is possible to divide receivers into three categories. They are; recreation, 

mapping, and surveying.  



Recreational Receivers 

Generalized Values for Recreational Receivers 

Recreational receivers 

Autonomous 

Horizontal 

Precision 

Real-time 

Corrected 

Horizontal 

Network 

Accuracy 

Post-processed 

Horizontal 

Network 

Accuracy 

Recreation 5 - 15 m 2 - 5 m 5 - 15 m 

Source: GPS for Land Surveyors 

Recreation Receivers 

These receivers are generally defined as L1 Code receivers which are typically not user 

configurable for settings such as mask angle, PDOP, the rate at which measurements are 

downloaded, the logging rate, also known as the epoch interval, and signal to noise ratio SNR. 

As you might expect, SNR is the ratio of the received signal power to the noise floor of a GPS 

observation. It is typical for the antenna, receiver, and CDU to be integrated into the device in 

these receivers. Generally speaking, receivers that track the C/A code provide only relatively low 

accuracy. Most are not capable of tracking the carrier phase observable. These receivers were 

typically developed with basic navigation in mind. Most are designed for autonomous (stand-

alone) operation to navigate, record tracks, waypoints and routes aided by the display of onboard 

maps. They are sometimes categorized by the number of waypoints they can store. Waypoint is a 

term that grew out of military usage. It means the coordinate of an intermediate position a 

person, vehicle, or airplane must pass to reach a desired destination. With such a receiver, a user 

may call up a distance and direction from his present location to the next waypoint. 

A single receiver operating without augmentation produces positions which are not relative to 

any ground control, local or national. In that context, it is more appropriate to discuss the 

precision of the results than it is to discuss accuracy. Despite the limitations, some recreational 

receivers have capabilities that enhance their systematic precision and achieve a quantifiable 

accuracy using correction signals available from earth-orbiting satellites such as the Wide Area 

Augmentation System, WAAS correction. In other words, some have differential capability. The 

Wide Area Augmentation System is a U.S. Federal Aviation Authority FAA and the U.S. 

Department of Transportation DOT system that augments GPS accuracy, availability, and 

integrity. The system relies on a network of ground-based reference stations at known positions 

that observe the GPS constellation constantly. From their data, a correction message is calculated 

at two master stations. This message is uploaded to satellites on geostationary orbits. The 

satellites broadcast the message, and WAAS-enabled receivers can collect it and use the 

correction provided in it. For example, it provides a correction signal for precision approach 

aircraft navigation. Similar systems are Europe’s European Geostationary Navigation Overlay 

System, EGNOS, and Japan’s Multifunction Transport Satellite, MTSAT. 



Recreational grade receivers typically do not have on-board feature data collection capabilities. 

They also do not usually have adequate on-board storage for recording the features (coordinates 

and attributes) required for a mapping project. Such capabilities are not needed for their designed 

applications. When a recreation receiver is used to obtain an autonomous, or stand alone, 

position, its precision may be within a range of 5-15m, as noted in Table 4.1. Under less than 

optimal field conditions: tree cover and other obstructions, less than favorable GPS satellite 

geometry, etc., users can expect the precision of autonomous positions to lessen, sometimes 

substantially. The network accuracy had with real-time differential correction of 2-5m is also not 

always achievable due to the tendency of the Wide Area Augmentation Signal being difficult to 

acquire, particularly in the northern US and then only with a southern sky clear of obstruction. 

Local and Network Accuracy 

 

Local and Network Accuracy 

Source: GPS for Land Surveyors 

Local and Network Accuracy 

The use of the phrase network accuracy is used to define its difference from local 

accuracy. Network accuracy, here, concerns the uncertainty of a position relative to a reference 

frame (datum). Local accuracy is not about a position relative to a reference frame (datum), but 

it represents the uncertainty of a position relative to other positions nearby. In other words, local 

accuracy would be useful in knowing the accuracy of a line between the two positions at each 

end. Network accuracy would not be about the accuracy of the positions at each end of the line 

relative to each other, but, rather, relative to the whole reference frame (datum). Local 

Accuracy is also known as relative accuracy and network accuracy is also known as absolute 

accuracy.   

Within a well-defined geographical area, local accuracy may be the most immediate concern. 

However, those tasked with constructing a control network that embraces a wide geographical 

scope will most often need to know the position's relationship to the realization of the reference 

frame (datum) on which they are working. A point with good local accuracy may not have good 

network accuracy. Typically, network horizontal and vertical accuracies require that a point's 

accuracy be specified with respect to an appropriate national geodetic datum. In the United 

States, as a practical matter, this most often means that the work is tied to at least one of the 

Continuously Operating Reference Stations (CORS) which represent the most accessible 

realization of the National Spatial Reference System (NSRS) in the nation. 



Mapping Receivers 

llGeneralized Values for Mapping Receivers 

Mapping Receivers 

Autonomous 

Horizontal 

Precision 

Real-time 

Corrected 

Horizontal 

Network 

Accuracy 

Post-processed 

Horizontal 

Network 

Accuracy 

Mapping (L1 Code) 2 - 10m 0.5 - 5m 0.3 - 15m 

Mapping (L1 Code & Carrier) 2 - 10m 0.5 - 3m 0.2 - 1m 

Mapping (All GPS Code & Carrier) 2 - 10m 0.5 - 3m 0.02 - 0.9m 

Mapping (GNSS) 2 - 10m 0.5 - 3m 0.02 - 0.9m 

Source: GPS for Land Surveyors 

Mapping Receivers 

These receivers are generally defined as those that allow user to configure some settings such as 

PDOP, SNR (carrier-to-noise-density ratio C/N0), elevation mask and the logging rate. They 

most often have an integrated antenna and CDU in the receiver. They generally record 

pseudoranges and also can log data suitable for differential corrections either in real-time or for 

post-processing; many record carrier data. Mapping receivers are often capable of storing 

mapped features (coordinates and attributes) and usually have adequate capacity for mapping 

applications. This memory is required for differential GPS, DGPS receivers, even those that 

track only code. For many applications, a receiver must be capable of collecting the same 

information as is simultaneously collected at a base station, and storing it for postprocessing. 

Receivers typically depend on proprietary post-processing software which also includes utilities 

to enable GPS data to be transferred to a PC and exported in standard GIS file format(s) either 

over a cable or a wireless connection. Some mapping grade receivers for spatial data collection 

are single frequency with code only or both code and carrier. Most mapping grade receivers of 

all tracking configurations are WAAS (or other Satellite Based Augmentation Signal SBAS) 

enabled, and thereby offer real-time results. Such differentially corrected mapping receivers may 

be capable of achieving a network accuracy of ~0.5 to 5 meters. Positions of sub-meter post-

processed network accuracy can be achieved with mapping grade receivers.  As noted, some 

mapping receivers offer tracking of the Global Navigation Satellite System, GNSS, 

constellations.   



GNSS 

 

GLONASS Summary 

Click here to see a text description. 

GPS, GLONASS, GALILEO. BEIDOU 

Source: https://en.tab-tv.com/?p=13220 

GNSS 

As mentioned earlier, the Global Positioning System (GPS) is now a part of a growing 

international context—the Global Navigation Satellite System (GNSS). One definition of GNSS 

embraces any constellation of satellites providing signals from space that facilitate autonomous 

positioning, navigation, and timing on a global scale. Currently, there are four systems that 

satisfy this definition. It is the Russian Federation’s GLONASS, European Union's GALILEO, 

China's BEIDOU and America's GPS. 

There are several other regional satellite position, navigation and timing systems such as the 

Indian Regional Navigation Satellite System (IRNSS) and the Japanese Quasi-Zenith Satellite 

System (QZSS). 

https://en.tab-tv.com/?p=13220


Surveying Receivers 

Generalized Values for Survey Receivers 

Survey Receivers 

Autonomous 

Horizontal 

Precision 

Real-time 

Corrected 

Horizontal 

Network 

Accuracy 

Post-processed 

Horizontal 

Network 

Accuracy 

Survey 2 - 10 m > 1 m > 0.1 m 

Source: GPS for Land Surveyors 

Surveying Receivers 

Survey grade receivers are designed for the achievement of consistent network accuracy in the 

static or real-time mode. Positions determined by these receivers will generally provide the best 

accuracy of the categories listed. The components of these receivers can usually be configured in 

a variety of ways. The receivers are typically multi-frequency, code and carrier receivers.  Many 

are GNSS receivers. They generally provide more options for setting the observational 

parameters than recreational or mapping receivers. Surveying receivers are typically capable of 

observing the civilian code and carrier phase of all frequencies and are appropriate for collecting 

positions on long base lines. Survey grade receivers are capable of producing network accuracies 

of better than 1m with real-time differential correction and better than 0.1m with post-

processing. 

Most share some practical characteristics: they have multiple independent channels that track the 

satellites continuously, and they begin acquiring satellites’ signals from a few seconds to less 

than a minute from the moment they are switched on. Most acquire all the satellites above their 

mask angle in a very few minutes, with the time usually lessened by a warm start, and most 

provide some sort of alert to the user that data is being recorded, and so forth. About three-

quarters of them can have their sessions preprogrammed in the office before going to their field 

sites. Nearly all allow the user to select the logging rate, also known as epoch interval and also 

known as sampling interval. While a 1 second interval is often used, faster rates of 0.1 second 

(10 Hz) and more increments of tenths of a second are often available. This feature allows the 

user to stipulate the short period of time between each of the microprocessor's downloads to 

storage. The faster the data-sampling rate, the larger the volume of data a receiver collects, and 

the larger the amount of storage it needs. A fast rate is helpful in cycle slip detection, and that 

improves the receiver’s performance on baselines longer than 50 km, where the detection and 

repair of cycle slips can be particularly difficult. 

 

  


