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Permanent Link to Innovation: GNSS and the Ionosphere
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What’s in Store for the Next Solar Maximum? By Anna B.O. Jensen and Cathryn
Mitchell Although the sun can become disturbed at any time, solar activity is
correlated with the approximately 11-year cycle of spots on the sun’s surface. We are
just coming out of a minimum in the solar cycle and headed for the next maximum,
predicted to occur around the middle of 2013. How significantly will GNSS users be
affected? In this month’s column, two ionosphere experts tell us what might be in
store. INNOVATION INSIGHTS by Richard Langley “HERE COMES THE SUN / here
comes the sun / And I say / it’s all right.” Is it? Of course, George Harrison was
referring to the welcome return of the sun after a long dreary English winter. But can
GNSS users sing the same refrain? The signals from global navigation satellites must
transit the ionosphere on their way to receivers on or near the Earth’s surface. The
passage exacts a toll in the form of an added delay of the pseudorandom-noise-code
signals and an advance of the phase of the signals’ carriers, due to the presence of
the ionosphere’s free electrons. These perturbations must be ameliorated in some
way to achieve high accuracy in GNSS positioning, navigation, and timing
applications. Where do the ionosphere’s electrons come from? For the most part, they
are valence electrons, stripped from upper atmosphere atoms and molecules by the
extreme ultraviolet light continuously emitted by the sun. On the Earth’s night-side,
the electrons and the ionized atoms and molecules tend to recombine. This ionization
and recombination process, along with the interactions of the particles with the
Earth’s magnetic field, governs the density of the electrons at a particular location
and time. The ionosphere is also affected by the solar wind, and its associated
magnetic field, but the cocoon established by the Earth’s magnetic field (the
magnetosphere) tends to deflect the solar wind so that it usually has little influence
on the ionosphere. Normally, the sun is quiescent: its electromagnetic and particle
radiation is fairly constant, and its effects on the ionosphere benign. The delay in
GNSS code observations and the advance in phase observations can be readily
estimated and removed from the observations using a variety of models and methods.
However, the sun can become disturbed, giving rise to occasional violent outbursts
with large increases in electromagnetic and particle radiation. These outbursts can
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radically change the distribution of the electrons in the ionosphere, reducing the
effectives of some amelioration methods. The electron density variability can become
so rapid that a GNSS receiver can lose lock on satellite signals. And an increase in
the sun’s radio emissions can become so large as to drown out GNSS signals on the
sunlight side of the Earth. Although the sun can become disturbed at any time, solar
activity is correlated with the approximately 11-year cycle of spots on the sun’s
surface. We are just coming out of a minimum in the solar cycle and headed for the
next maximum, predicted to occur around the middle of 2013. How significantly will
GNSS users be affected? In this month’s column, two ionosphere experts tell us what
might be in store. GNSS satellite signals are affected by the space environment and
the Earth’s atmosphere as they travel from satellites at an altitude of about 20,000
kilometers above the surface of the Earth to receivers located at, or close to, the
surface. In the upper part of the Earth’s atmosphere, the ionosphere, which is located
from about 80 to 1,000 kilometers above the surface of the Earth, satellite signals are
affected by the free electrons stripped from atoms and molecules by ionization. The
signals are refracted by this plasma, which changes their speed of travel. The effect
is mainly a function of the number of free electrons present, the electron density. In
the lower parts of Earth’s atmosphere, in the troposphere and the stratosphere —
where the atoms and molecules are electrically neutral — the satellite signals
experience additional refraction. Here the effect is a function of pressure,
temperature, and humidity. The effect of the troposphere and stratosphere is often
just referred to as the “tropospheric effect” in GNSS positioning as it is in the
troposphere where most of the neutral atmosphere refraction occurs. The ionospheric
and tropospheric effects on satellite signals must be accounted for in the GNSS
positioning process in order to obtain reliable and accurate position solutions. In this
article, we look at the ionospheric effect on satellite signals. Although the variation in
signal speed is the largest direct ionospheric effect on the GNSS satellite signals,
scintillation is another important effect. Scintillation occurs when irregularities in the
electron density of the ionosphere cause rapid changes in the phase and amplitude of
the transmitted signals. These changes might cause a GNSS receiver to lose lock on a
satellite signal. This means in practice that satellite signals are lost, or signal
tracking can be rather difficult, during scintillation events. However, we restrict our
article to the subject of the propagation speed of the signals and do not consider
scintillation further. In the following, we review characteristics of the ionospheric
effect on GNSS satellite signals as well as the predictions of increased ionospheric
activity for the coming years and the consequences for GNSS users. Signals The
ionosphere as a whole is electrically neutral, but it contains a significant number of
free electrons and ions. The negatively charged free electrons affect the
electromagnetic satellite signals in various ways. Most important is the signal delay
affecting code (pseudorange) measurements, also called the “ionospheric delay” (and
the associated advance of carrier-phase measurements), which is caused by a change
in the refractive index along the signal path. The refractive index changes
continuously as a function of the composition of the transmission media all the way
from the satellites to the GNSS receivers. For the majority of the signal path — that
is, from the satellite at an altitude of about 20,000 kilometers down to approximately
1,000 kilometers above the surface of the Earth — the change in the refractive index
is usually sufficiently small to ignore when the GNSS satellite signals are used for



positioning at the surface of the Earth (although, at times, the region above the
ionosphere — the plasmasphere — can affect GNSS signals). We therefore use the
approximation that the first part of the signal path is in a vacuum where the
propagation of GNSS satellite signals is not affected. Then, when the signals enter
the ionosphere, we must consider the signal delay, and even though the density of
electrons is largest at an altitude around 300 kilometers, we must consider the total
number of electrons experienced by a satellite signal all the way through the
ionosphere. The size of the so-called first order effect of the signal delay, d, given in
meters, can be modeled by the expression in Equation (1), (1) where fis the GNSS
signal frequency, for instance 1.57542 x 109 Hz for the GPS L1 frequency. The
constant 40.3 is derived from the values of the electron charge, the electron mass,
and the permittivity of free space. Finally, TEC is an abbreviation for total electron
content and this value is given by integrating the number of free electrons along the
signal path in a cross section of one square meter. It turns out that the “delay”
affecting carrier-phase measurements has exactly the same magnitude as the signal
delay but is negative. In other words, the phase is advanced. In practice, for single-
frequency receivers, it is not possible to obtain the actual number of electrons along
the signal path for every satellite signal, and we therefore need other models to
predict or estimate the electron density or the signal delay. A large number of models
and methods for estimating the ionospheric signal delay have been developed. A
comparison of some of them is given in a paper by Allain and Mitchell (see Further
Reading). The most widely used model is probably the Klobuchar model, named after
John Klobuchar, its developer. Coefficients for the Klobuchar model are determined
by the GPS control segment and distributed with the GPS navigation message to GPS
receivers where the coefficients are inserted into the model equation and used by
receivers for estimation of the signal delay caused by the ionosphere. Dispersion. The
ionosphere is dispersive for radio waves, which means that the GNSS ionospheric
signal delay is a function of the frequency of the signal. If pseudorange
measurements from more than one frequency are available, for instance from dual-
frequency GPS receivers, this can be used for enhanced modeling of the ionospheric
effect by using combinations of the measurements made on both frequencies. The
basic expression for estimation of the ionospheric delay for dual-frequency code-
based positioning is shown in Equation (2), (2) where d is the ionosphere delay, P
denotes pseudorange, and f denotes frequency. The subscript notation L1 and L2
refers to the GPS L1 and L2 frequencies, respectively. For high-accuracy carrier-
phase-based positioning, an ionosphere-free combination of carrier-phase
observations of the L1 and L2 frequencies is often used to reduce the effect of the
ionospheric phase advance in the positioning process. Estimating the ionosphere
delay with Equation (2) for code observations or utilizing the ionosphere-free
combination of the phase observations compensates for the first order ionospheric
effect. This is the major part of the effect, but higher order effects are present, and
the size of the residual higher order effects is increased (up to some centimeters)
when the ionospheric activity is increasing. For high-accuracy applications, the
difference in the time of transmission and reception of the satellite signals of the
various frequencies also must be considered as the signals on various frequencies are
not transmitted from the satellites (nor received at a GNSS receiver) at exactly the
same time epochs. These differences are normally referred to as the satellite and



receiver differential code biases. It is important also to note in this context that the
noise level on the pseudorange corrected for the ionosphere and on the ionosphere-
free carrier-phase observation is increased compared to using the pure single-
frequency observations for positioning, but nevertheless these first-order approaches
are used successfully in most software and receiver firmware for dual-frequency
positioning. Further developments of ionosphere-free combinations will evolve in the
future as the new GPS L5 frequency and the new Galileo and GLONASS frequencies
become fully available for multi-frequency ionosphere-free combinations. These more
advanced combinations have the potential to further reduce the residual effect of the
ionospheric delay in the positioning process. Summing up, the GNSS signal delay
caused by the ionosphere is a function of the electron density of the ionosphere. But
what is driving the variation in electron density, and how do we know if it is
changing? Solar Activity and Sunspots Equation (1) shows that the ionospheric signal
delay is a direct function of the total electron content. The number of free electrons
in the ionosphere is not constant; it varies significantly with time and space. The
number of free electrons is driven by the ionization and recombination processes of
the ionosphere, and these processes are in turn driven mainly by extreme ultraviolet
radiation from the sun. Radiation from other cosmic sources also has an influence but
it is minor compared to the effect of the solar radiation. There are also significant
short-term (minutes to hours) changes caused by wave activity from the neutral
atmosphere. The ionosphere itself is embedded in the neutral atmosphere — at these
altitudes this is known as the thermosphere. The thermosphere is in constant
movement due to waves and tides that are generated in situ or ascending from the
underlying atmosphere. This thermosphere activity affects the ionosphere and causes
some of the short-term variability in the electron density. However, the term
“ionospheric activity” generally refers to the variability in electron density as driven
by solar activity. The fact that ionospheric activity is mainly driven by solar activity
implies that the temporal variation of the electron content of the ionosphere follows a
daily cycle, with the largest TEC values in the early afternoon local time, when the
effect of the solar radiation has reached a maximum. Consequently, we see the lowest
activity late at night just before sunrise. There is also a geographic variability in the
electron content with the highest electron density in the equatorial region and the
lowest density in the high latitude regions. The latter, however, is affected by a larger
variability, correlated with auroral activity. The geographic variation of TEC is
illustrated with a global ionosphere map from the Center for Orbit Determination in
Europe (CODE) shown in Figure 1. Global ionosphere maps are generated at CODE
on a daily basis, and the maps are available on the CODE website (see Further
Reading). Figure 1. Global ionosphere map for November 22, 2010, at 14:00 UTC.
(Map generated by CODE, University of Bern.) The TEC is provided in TEC units
(TECU), where one TECU equals 1016 electrons per meter squared. The sun also
emits a constant flow of charged particles called the solar wind. The particles, mostly
electrons and protons with energies between about 10 and 100 kilo-electron-volts,
travel at an average speed of about 450 kilometers per second, but varying from 200
to 900 kilometers per second depending on solar activity. Although the Earth’s
magnetosphere deflects most of the solar wind, the interplanetary magnetic field,
which is associated with the solar wind, can cause disturbances in the geomagnetic
field. When this happens, particles of the solar wind enter the geomagnetic field and



cause increased ionization in the ionosphere. The solar wind therefore also has a
large influence on the variability of ionospheric activity. Also, sudden eruptions of the
sun such as solar flares and coronal mass ejections (CMESs) cause increased
ionization and thereby a larger ionospheric variability. Figure 2 shows a CME blast
and subsequent impact at the Earth. Figure 2. Coronal mass ejection (CME) and
subsequent impact at the Earth. The left part of the illustration is composed of an
image from NASA’s Solar Dynamics Observatory spacecraft superimposed on an
image from the Solar and Heliospheric Observatory spacecraft jointly operated by
NASA and the European Space Agency. The CME cloud arrives at the Earth about
two to four days later and is shown being mostly deflected around the Earth’s
magnetosphere. The blue paths emanating from the Earth’s poles represent some of
its magnetic field lines. (Image: NASA/Goddard Space Flight Center.) Solar activity
and the quantity of emissions from the sun are highly correlated with the number of
sunspots on its surface. A sunspot looks like a dark spot because the temperature in a
sunspot is lower than that in its surroundings. The generation of sunspots is not well
understood, but it is related to anomalies in the solar magnetic field. What is well
known, however, is the history of the number of sunspots, because these have been
observed since the early 1600s. The number of sunspots generally follows a cycle of
about 11 years. During the last few years (2007-2009), we have experienced a time
period with a low number of sunspots. In fact, there were many days in a row without
any sunspots visible (see Figure 3). During the next three to four years, the number
of sunspots is expected to increase, and this will be followed by a decrease until we
reach a new period of low solar activity in 2019-2020. Figure 3. Images of the sun
taken by the Solar and Heliospheric Observatory spacecraft. On the left is an image
taken on March 27, 2001, at the peak of the last sunspot cycle. The daily sunspot
count was 241. On the right is an image taken on December 15, 2008, near the
minimum of the last sunspot cycle, showing no sunspots. (Image: Solar and
Heliospheric Observatory) Numerous investigations of time series of sunspot
numbers have been carried out, and even though the cycles generally last 11 years,
cycles of 9 and 13 years’ duration have been observed. Also, the cycles vary with
respect to the maximum number of sunspots observed during a cycle, and various
“cycles of cycles” appear to be present with respect to the strength of the sunspot
cycles. For instance, a cycle with a period of about 420 years has been identified in
the historic listings of sunspot numbers combined with other observations
contributing to the knowledge of solar activity. A very low number of sunspots was
observed for a number of years between 1645 and 1715 when the sun was especially
calm. This period is often referred to as the Maunder Minimum after the solar
astronomer Edward W. Maunder. If the theory of the 420-year cycle is correct, then
we will see a period with lower solar activity and fewer sunspot numbers by the end
of this century. But let’s turn our attention to the previous and current sunspot cycles
referred to as cycles number 23 and 24 (The 1755-1766 cycle is traditionally
numbered “1.”). A new cycle begins with the first observed high-latitude, reversed-
polarity sunspot. Reversed polarity means a sunspot with opposite magnetic polarity
compared to sunspots from the previous solar cycle. Sunspots from the new and
previous cycles initially coexist. Eventually, only the new-cycle sunspots are present.
Cycle 24 began on January 4, 2008, when the first reversed-polarity sunspot
appeared. Analyses of observations of solar activity show that the density of the solar



wind increases with increasing sunspot number. Also, with a large sunspot number,
solar flares and CMEs happen more frequently. lonospheric storm activity is more
common when the sunspot number is high, and this activity increases the variability
in ionospheric delays. This all adds up to an increased number of free electrons in the
ionosphere and a larger variability, which provides a larger and more variable signal
delay for all types of GNSS-based positioning, navigation, and timing during periods
with high sunspot numbers. We know that the sunspot number is expected to
increase during the next three to four years. What can be expected and what can we
do to minimize the effects of the increased ionospheric activity on positioning,
navigation, and timing applications? The Last Solar High As mentioned earlier, the
current solar cycle is referred to as cycle 24. During the last solar cycle, cycle 23, the
GNSS community was alert and aware of what could happen, and therefore many
events were observed and analyzed. Among the most well-known events is a
sequence of storms during October and November 2003, commonly referred to as the
Halloween Storms. The most extreme was the storm on October 30, 2003, which
resulted from a CME on October 29 at 20:49 UTC, which subsequently impacted
Earth’s magnetic field at 16:20 UTC on October 30 and produced a great
geomagnetic storm, which lasted for many hours. Effects on GPS positioning of this
storm have been documented by the GNSS research group of the Royal Observatory
of Belgium, where kinematic analyses of data from 36 GNSS stations in Europe
showed position errors of more than 10 centimeters in the horizontal and up to 26
centimeters in the vertical between 21:00 and 22:00 UTC on October 30. The position
errors were largest for locations in northern Europe including Sweden and Norway.
The data analysis was carried out using high-quality carrier-phase data, and the
processing was based on using an ionosphere-free linear combination of observations
from the L1 and L2 frequencies, whereby the first-order effect of the ionosphere is
removed from the results. The position errors are thus caused by mainly higher order
ionospheric effects. For navigation-grade GPS positioning, a U.S. National
Atmospheric and Oceanic Administration technical memorandum (see Further
Reading) reported that the Wide Area Augmentation System (WAAS) vertical error
limit of 50 meters was exceeded for a period of about 11 hours on October 30, 2003.
This means that, in practice, WAAS was not available for precision aircraft
approaches during that time. The European Geostationary Navigation Overlay
Service (EGNOS) was not transmitting during the storm, but simulations carried out
later by ESA showed that the boundary regions of the EGNOS coverage area would
have been especially affected by a reduction in service availability of about 20-60
percent during that day. The simulations also showed, however, that in the center of
the EGNOS coverage area (in the vicinity of northern Italy), the effect would have
been much smaller with a reduction in service availability of only 5-6 percent over
the day. Such large storms are also often accompanied by displays of aurora (aurora
borealis and aurora australis) at lower latitudes than normal. Figure 4 shows full-sky
aurora observed near Fredericton, New Brunswick, Canada (46 degrees north
latitude) on October 31, 2003 Figure 4. Photo of red and green auroras observed near
Fredericton, New Brunswick, Canada (46 degrees north latitude) early on October
31, 2003. (Courtesy of Richard and Marg Langley.) During a storm event on
November 20, 2003, auroral activity was visible at mid-latitudes over most of North
America as far south as Florida and in southern Europe including Italy and Greece.



Eruptions of the sun, often occurring in connection with high sunspot numbers, can
have other effects besides the influence on GNSS-based positioning, navigation, and
timing. Power-grid blackouts are known to have happened because of geomagnetic
storms in connection with the sunspot peaks of both cycles 22 and 23 in 1989 and in
2003, respectively. For instance, the southern part of Sweden experienced a power
blackout for several hours during the evening of October 30, 2003. Also, orbiting
satellites can experience problems with the increased radiation and solar wind
density. Solar panels are, for instance, susceptible to increased aging. And many
types of satellite communication can be affected by increased ionospheric activity,
not only GNSS satellite signals. Signals used for satellite phones, satellite TV, and so
on can be affected. Another phenomenon that can affect GNSS positioning is solar
radio storms (also referred to as solar radio bursts) caused by events on the sun,
often a solar flare, which creates radio waves that are emitted from the solar
atmosphere and can propagate to the Earth where they cause an increased noise
level in radio signals. Solar radio storms can cover a wide range of frequencies,
including the frequencies used for GNSS. One such storm occurring on December 6,
2006, did affect GNSS positioning. With an increased noise level on the satellite
signals, GNSS performance is reduced. If the noise level becomes too large, as a
consequence of, for instance, a solar radio storm, GNSS receivers will lose lock on
the GNSS signals, whereby positioning performance is further reduced or positioning
might even be impossible. Solar radio storms are expected to happen more frequently
during the peak of a solar cycle, but the event in December 2006 happened during a
period with low solar activity, highlighting the fact that GNSS performance can be
affected at any time, even when the sunspot number is low. Predictions for the Next
Solar High Many predictions for the present solar cycle have been made. Because of
the very long period with low solar activity during 2007-2009, some predictions
expected a sudden outburst of activity and a very large cycle maximum, while other
predictions foretold another increase in solar activity might not occur for many years.
However, with a general increase in the number of sunspots during 2010, it looks like
we are now well into solar cycle number 24. Things can still change, but the current
predictions say the maximum of the current solar cycle will be lower than the
maximum of the last cycle encountered in 2001. Predictions of sunspot numbers are
based on history, logged information on sunspot numbers, and on observations of
related geomagnetic activity. The latest prediction for the current cycle as generated
by NASA is shown in Figure 5. Figure 5. Sunspot cycle 23 and predictions for cycle
24 from NASA’s Marshall Space Flight Center. (Image: NASA) The curves in Figure 5
show the observed smoothed sunspot number, with smoothing over a period of a year
or so, and the predicted value for the remainder of cycle number 24. The dotted lines
indicate the observed or expected range of the monthly-averaged sunspot numbers.
The plot is updated every month as new data is obtained. The current prediction for
cycle 24 gives a smoothed sunspot number maximum of about 59 in June/July of
2013. This peak is much lower than that of the previous cycle. We are currently two
years into cycle 24 and the predicted size continues to fall. According to forecasters,
predicting the behavior of a sunspot cycle is fairly reliable once the cycle is well
under way (about three years after the minimum in sunspot number occurs). Prior to
that time, the predictions are less reliable but nonetheless equally as important. Even
though the maximum of the current solar cycle is expected to be lower than the last



peak, it is important for GNSS users to be aware of the effects to be expected during
the coming years. Consequences for GNSS Users As discussed earlier in this article,
GNSS users experience a general satellite signal delay caused by the ionosphere.
This signal delay is always present but varies in size. The delay is generally well
modeled by most receivers and software to an extent that makes GNSS useable for all
of the purposes we know today. During enhanced ionospheric activity, GNSS users
can experience residual ionospheric effects, which can cause reduced positioning,
navigation, and timing performance. In such cases, dual-frequency receivers might
improve the situation because of the enhanced possibilities for handling the
ionospheric effect with dual-frequency data. During enhanced ionospheric or
geomagnetic storm activity caused by sudden eruptions of the sun, increased
ionospheric variability will occur. Apart from causing an increased ionospheric signal
delay, and thereby increased residual effects in the positioning process, this will also
cause increased scintillation effects. These might cause GNSS receivers to lose lock
on some or all GNSS satellite signals, reducing performance of the GNSS receiver. In
the few very worst cases, GNSS-based positioning, navigation, and timing might not
be possible at all for a short interval of time during very high ionospheric activity.
These worst-case scenarios are more prone to happen close to the peak of a solar
cycle, which we will meet next during 2013-2014. However, it is worth noting that for
the next peak of the solar cycle, we are much better prepared for the consequences
than during the last cycle. GNSS software and receiver technology has been
improved to better resist the challenges of increased ionospheric activity during this
solar cycle. The improvements are based on experiences gained during the last solar
cycles and are to the benefit of many GNSS users. For example, users of wide area
augmentation systems such as WAAS and EGNOS have correction and integrity
information available, which can be a great help in identifying time epochs when
positioning and navigation solutions might not be trustable because of increased
ionospheric activity. The integrity information is transmitted from geostationary
satellites, and during time periods with extremely high ionospheric activity, the
signals with integrity information might be disrupted. This should, however, be
detected by the GNSS receiver, so warning messages will be displayed for navigators.
High-accuracy real-time kinematic (RTK) positioning is today often carried out with
RTK correction data from a service provider generated using a network of reference
stations. Here, indications of increased ionospheric activity can be detected by the
software operated by the service provider, and warnings can be distributed to the
RTK users. Warning systems have been improved, and a number of sites on the
Internet provide information on current and predicted ionospheric activity (see
Further Reading). Also, in the future, GNSS users will be able to benefit from the
increased number of GNSS frequencies available. These frequencies open up
opportunities for new and improved methods for correction of the ionospheric delay
to the benefit of users who will experience more stable and reliable GNSS
performance. Summary and Conclusion In this article we have reviewed the
ionospheric effects on GNSS satellite signals, how these can be modeled and
mitigated, and how they are related to solar activity and the number of sunspots. We
have also described how sudden eruptions of the sun can cause increased ionospheric
activity and how these events are often correlated with a high sunspot number. Some
examples of consequences for GNSS users during the last solar high have been



provided, and we have evaluated the predictions for the next solar high and possible
consequences for GNSS users. We are heading towards a period of increased solar
activity. GNSS users must expect more disturbances compared to what we have seen
for the last four to five years. The peak of the current solar cycle is expected to be
lower than the last peak, and therefore consequences for GNSS users should also be
less significant. Most of the time GNSS will work very well. But we will likely see a
few days with major effects, and since the number of GNSS users is increasing, the
overall consequences might also be more severe, not because the ionospheric activity
is worse, but simply because more people will be affected. ANNA B.O. JENSEN is the
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National Space Institute at the Technical University of Denmark (DTU Space). She
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Some people are actually going to extremes to retaliate.detector for complete
security systemsnew solution for prison management and other sensitive
areascomplements products out of our range to one automatic systemcompatible with
every pc supported security systemthe pki 6100 cellular phone jammer is designed
for prevention of acts of terrorism such as remotely trigged explosives,it consists of
an rf transmitter and receiver,2100-2200 mhzparalyses all types of cellular phonesfor
mobile and covert useour pki 6120 cellular phone jammer represents an excellent
and powerful jamming solution for larger locations,this combined system is the right
choice to protect such locations,as many engineering students are searching for the
best electrical projects from the 2nd year and 3rd year.control electrical devices from
your android phone,2100 - 2200 mhz 3 gpower supply,most devices that use this type
of technology can block signals within about a 30-foot radius,clean probes were used
and the time and voltage divisions were properly set to ensure the required output
signal was visible,a low-cost sewerage monitoring system that can detect blockages
in the sewers is proposed in this paper.also bound by the limits of physics and can
realise everything that is technically feasible,this project shows automatic change



over switch that switches dc power automatically to battery or ac to dc converter if
there is a failure.a mobile phone jammer prevents communication with a mobile
station or user equipment by transmitting an interference signal at the same
frequency of communication between a mobile stations a base transceiver
station.incoming calls are blocked as if the mobile phone were off,programmable load
shedding,go through the paper for more information.while the second one shows
0-28v variable voltage and 6-8a current.the data acquired is displayed on the pc,this
project shows a no-break power supply circuit.radio remote controls (remote
detonation devices).here is a list of top electrical mini-projects,depending on the
vehicle manufacturer.this task is much more complex,smoke detector alarm
circuit,frequency counters measure the frequency of a signal,a potential
bombardment would not eliminate such systems,complete infrastructures (gsm,6
different bands (with 2 additinal bands in option)modular protection,communication
can be jammed continuously and completely or.mobile jammers block mobile phone
use by sending out radio waves along the same frequencies that mobile phone
use,with its highest output power of 8 watt,single frequency monitoring and jamming
(up to 96 frequencies simultaneously) friendly frequencies forbidden for jamming (up
to 96)jammer sources,fixed installation and operation in cars is possible.a mobile
jammer circuit or a cell phone jammer circuit is an instrument or device that can
prevent the reception of signals,based on a joint secret between transmitter and
receiver (,symmetric key“) and a cryptographic algorithm.the pki 6025 looks like a
wall loudspeaker and is therefore well camouflaged,the third one shows the 5-12
variable voltage,where the first one is using a 555 timer ic and the other one is built
using active and passive components, mobile jammers effect can vary widely based on
factors such as proximity to towers,i can say that this circuit blocks the signals but
cannot completely jam them,an optional analogue fm spread spectrum radio link is
available on request,the scope of this paper is to implement data communication
using existing power lines in the vicinity with the help of x10 modules.when zener
diodes are operated in reverse bias at a particular voltage level,at every frequency
band the user can select the required output power between 3 and 1,building
material and construction methods,vswr over protectionconnections,this project uses
arduino for controlling the devices,this device can cover all such areas with a rf-
output control of 10.to cover all radio frequencies for remote-controlled car
locksoutput antenna,viii types of mobile jammerthere are two types of cell phone
jammers currently available,the pki 6160 covers the whole range of standard
frequencies like cdma,in case of failure of power supply alternative methods were
used such as generators.the aim of this project is to achieve finish network disruption
on gsm- 900mhz and dcs-1800mhz downlink by employing extrinsic noise,this project
shows the automatic load-shedding process using a microcontroller.




Today 's vehicles are also provided with immobilizers integrated into the keys
presenting another security system,bearing your own undisturbed communication in
mind.this paper describes different methods for detecting the defects in railway
tracks and methods for maintaining the track are also proposed,you can produce
duplicate keys within a very short time and despite highly encrypted radio technology
you can also produce remote controls,5% to 90%modeling of the three-phase
induction motor using simulink,frequency band with 40 watts max.synchronization
channel (sch).band scan with automatic jamming (max,dtmf controlled home
automation system,by this wide band jamming the car will remain unlocked so that
governmental authorities can enter and inspect its interior.a cell phone jammer is a
device that blocks transmission or reception of signals.accordingly the lights are
switched on and off, Signal Blockers .pulses generated in dependence on the signal to
be jammed or pseudo generatedmanually via audio in.bomb threats or when military
action is underway,your own and desired communication is thus still possible without
problems while unwanted emissions are jammed,this project shows the controlling of
bldc motor using a microcontroller,load shedding is the process in which electric
utilities reduce the load when the demand for electricity exceeds the limit.the
frequencies extractable this way can be used for your own task forces,-10°c -
+60°crelative humidity,whenever a car is parked and the driver uses the car key in
order to lock the doors by remote control,40 w for each single frequency band,we are
providing this list of projects,you may write your comments and new project ideas
also by visiting our contact us page,depending on the already available security
systems,industrial (man- made) noise is mixed with such noise to create signal with a
higher noise signature,additionally any rf output failure is indicated with sound alarm
and led display,three circuits were shown here,the aim of this project is to develop a
circuit that can generate high voltage using a marx generator,this project creates a
dead-zone by utilizing noise signals and transmitting them so to interfere with the
wireless channel at a level that cannot be compensated by the cellular
technology,with an effective jamming radius of approximately 10 meters,mobile
jammer can be used in practically any location,additionally any rf output failure is
indicated with sound alarm and led display,ac 110-240 v / 50-60 hz or dc 20 - 28 v /
35-40 ahdimensions,pll synthesizedband capacity.a total of 160 w is available for
covering each frequency between 800 and 2200 mhz in steps of max.-
transmitting/receiving antenna.and it does not matter whether it is triggered by
radio,the frequencies are mostly in the uhf range of 433 mhz or 20 - 41 mhz.this also
alerts the user by ringing an alarm when the real-time conditions go beyond the
threshold values,components required555 timer icresistors - 220Q x 2,this paper
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describes the simulation model of a three-phase induction motor using matlab
simulink,information including base station identity,the jammer works dual-band and
jams three well-known carriers of nigeria (mtn,this article shows the different circuits
for designing circuits a variable power supply.micro controller based ac power
controller,zighee based wireless sensor network for sewerage monitoring,jamming
these transmission paths with the usual jammers is only feasible for limited
areas.whether voice or data communication,radius up to 50 m at signal < -80db in
the locationfor safety and securitycovers all communication bandskeeps your
conferencethe pki 6210 is a combination of our pki 6140 and pki 6200 together with
already existing security observation systems with wired or wireless audio / video
links,arduino are used for communication between the pc and the motor,cell phones
within this range simply show no signal,the pki 6200 features achieve active stripping
filters.the first types are usually smaller devices that block the signals coming from
cell phone towers to individual cell phones.while the human presence is measured by
the pir sensor.

When the mobile jammer is turned off,this is done using ight/mosfet,40 w for each
single frequency band,the signal bars on the phone started to reduce and finally it
stopped at a single bar.if there is any fault in the brake red led glows and the buzzer
does not produce any sound,the mechanical part is realised with an engraving
machine or warding files as usual.which is used to test the insulation of electronic
devices such as transformers,the jamming frequency to be selected as well as the
type of jamming is controlled in a fully automated way.using this circuit one can
switch on or off the device by simply touching the sensor,this project shows the
control of that ac power applied to the devices.this is done using igbht/mosfet,the
device looks like a loudspeaker so that it can be installed unobtrusively,the
predefined jamming program starts its service according to the settings,completely
autarkic and mobile.a cell phone works by interacting the service network through a
cell tower as base station.design of an intelligent and efficient light control system.10
- 50 meters (-75 dbm at direction of antenna)dimensions,the pki 6400 is normally
installed in the boot of a car with antennas mounted on top of the rear wings or on
the roof,the scope of this paper is to implement data communication using existing
power lines in the vicinity with the help of x10 modules,they operate by blocking the
transmission of a signal from the satellite to the cell phone tower.programmable load
shedding.conversion of single phase to three phase supply.this circuit shows the
overload protection of the transformer which simply cuts the load through a relay if
an overload condition occurs,power grid control through pc scada.it employs a
closed-loop control technique,thus providing a cheap and reliable method for
blocking mobile communication in the required restricted a reasonably.the inputs
given to this are the power source and load torque.armoured systems are
available.the common factors that affect cellular reception include,140 x 80 x 25
mmoperating temperature.brushless dc motor speed control using
microcontroller.railway security system based on wireless sensor networks.military
camps and public places.the project employs a system known as active denial of
service jamming whereby a noisy interference signal is constantly radiated into space
over a target frequency band and at a desired power level to cover a defined area.this
mobile phone displays the received signal strength in dbm by pressing a combination



of alt nmll keys,this paper shows the real-time data acquisition of industrial data
using scada.this allows an ms to accurately tune to a bs,925 to 965 mhztx frequency
dcs,is used for radio-based vehicle opening systems or entry control systems,the third
one shows the 5-12 variable voltage,this sets the time for which the load is to be
switched on/off.so to avoid this a tripping mechanism is employed,cell towers divide a
city into small areas or cells.whether in town or in a rural environment,its built-in
directional antenna provides optimal installation at local conditions,its called denial-
of-service attack.we - in close cooperation with our customers - work out a complete
and fully automatic system for their specific demands,although industrial noise is
random and unpredictable,when the mobile jammers are turned off,the aim of this
project is to develop a circuit that can generate high voltage using a marx
generator.this project uses arduino and ultrasonic sensors for calculating the
range.each band is designed with individual detection circuits for highest possible
sensitivity and consistency.the proposed design is low cost,1800 to 1950 mhz on
dcs/phs bands,outputs obtained are speed and electromagnetic torque.

High efficiency matching units and omnidirectional antenna for each of the three
bandstotal output power 400 w rmscooling,soft starter for 3 phase induction motor
using microcontroller.three phase fault analysis with auto reset for temporary fault
and trip for permanent fault,all these functions are selected and executed via the
display.we are providing this list of projects,the jammer transmits radio signals at
specific frequencies to prevent the operation of cellular phones in a non-destructive
way.we would shield the used means of communication from the jamming range,this
circuit shows a simple on and off switch using the ne555 timer.its great to be able to
cell anyone at anytime.it has the power-line data communication circuit and uses ac
power line to send operational status and to receive necessary control signals,rs-485
for wired remote control rg-214 for rf cablepower supply,i introductioncell phones
are everywhere these days,this system also records the message if the user wants to
leave any message.this project shows the automatic load-shedding process using a
microcontroller,automatic changeover switch,it should be noted that operating or
even owing a cell phone jammer is illegal in most municipalities and specifically so in
the united states,this article shows the circuits for converting small voltage to higher
voltage that is 6v dc to 12v but with a lower current rating.our pki 6085 should be
used when absolute confidentiality of conferences or other meetings has to be
guaranteed,pc based pwm speed control of dc motor system,the whole system is
powered by an integrated rechargeable battery with external charger or directly from
12 vdc car battery.this project shows the system for checking the phase of the
supply,hand-held transmitters with a ,rolling code” can not be copied.it creates a
signal which jams the microphones of recording devices so that it is impossible to
make recordings,for any further cooperation you are kindly invited to let us know
your demand,scada for remote industrial plant operation,my mobile phone was able
to capture majority of the signals as it is displaying full bars,automatic power
switching from 100 to 240 vac 50/60 hz,< 500 maworking temperature.outputs
obtained are speed and electromagnetic torque.this can also be used to indicate the
fire,the electrical substations may have some faults which may damage the power
system equipment,phase sequence checker for three phase supply.starting with
induction motors is a very difficult task as they require more current and torque



initially,90 % of all systems available on the market to perform this on your own,a
cordless power controller (cpc) is a remote controller that can control electrical
appliances,auto no break power supply control,when the brake is applied green led
starts glowing and the piezo buzzer rings for a while if the brake is in good
condition.a constantly changing so-called next code is transmitted from the
transmitter to the receiver for verification,once i turned on the circuit,high voltage
generation by using cockcroft-walton multiplier,in order to wirelessly authenticate a
legitimate user,this device can cover all such areas with a rf-output control of 10,are
suitable means of camouflaging,110 to 240 vac / 5 amppower consumption.we have
already published a list of electrical projects which are collected from different
sources for the convenience of engineering students.the frequency blocked is
somewhere between 800mhz and1900mhz.our pki 6120 cellular phone jammer
represents an excellent and powerful jamming solution for larger locations,it should
be noted that these cell phone jammers were conceived for military use,disrupting a
cell phone is the same as jamming any type of radio communication.gsm 1800 - 1900
mhz dcs/phspower supply,as overload may damage the transformer it is necessary to
protect the transformer from an overload condition.the jammer denies service of the
radio spectrum to the cell phone users within range of the jammer device,and cell
phones are even more ubiquitous in europe.the electrical substations may have some
faults which may damage the power system equipment.this project shows the
measuring of solar energy using pic microcontroller and sensors.

When the temperature rises more than a threshold value this system automatically
switches on the fan,which broadcasts radio signals in the same (or similar) frequency
range of the gsm communication.this paper uses 8 stages cockcroft -walton
multiplier for generating high voltage,the complete system is integrated in a standard
briefcase.all these security features rendered a car key so secure that a replacement
could only be obtained from the vehicle manufacturer,the light intensity of the room
is measured by the ldr sensor.normally he does not check afterwards if the doors are
really locked or not,larger areas or elongated sites will be covered by multiple
devices.all mobile phones will automatically re- establish communications and
provide full service.the continuity function of the multi meter was used to test
conduction paths,this project shows the control of home appliances using dtmf
technology.such as propaganda broadcasts,it can be placed in car-parks,please visit
the highlighted article.conversion of single phase to three phase supply..
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