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Permanent Link to Innovation: Better GNSS navigation and spoofing detection with
chip-scale atomic clocks
2021/03/30
Getting there more safely INNOVATION INSIGHTS with Richard Langley It’s all
physics. How things work, that is. You’ve heard me say that before in this column, but
I suppose I’m a little biased (or realistic) as my first degree is in physics — applied
physics, to be more precise. Mind you, some chemists might disagree that it’s all
down to physics. But as Sheldon Cooper in the popular American TV sitcom The Big
Bang Theory stated in a radio interview with real science journalist Ira Flatow
following his apparent discovery of the first stable super-heavy element, “Yes, yes, I’d
be a physicist with a Nobel in chemistry. Everyone laugh at the circus freak. You
know, I don’t need to sit here and take this, Flatow. It is because of bullies like you,
every day more and more Americans are making the switch to television.” But in all
seriousness, it really was physicists who first explained the physical phenomena
associated with a range of technologies that had to be understood before global
navigation satellite systems could become a reality. From orbital mechanics, to
relativity theory, to semiconductors, to transatmospheric propagation of radio
signals, to atomic clocks, the fundamental understanding of how these worked was
provided by physicists. This was particularly true for atomic clocks. An atomic clock,
like any clock, consists of two basic components: a resonator or oscillator and a
counter. The oscillator generates a stable frequency, whose cycles are counted,
converted to units of seconds, minutes, hours and perhaps days, and continuously
displayed. This is the case whether we are describing a wristwatch with a quartz
crystal oscillator or an atomic clock whose oscillator is made up of atoms undergoing
quantum energy transitions. A crystal oscillator is stimulated to vibrate at its design
frequency and thereby generate a fluctuating electrical current with that frequency.
The atomic oscillator works thanks to the principles of quantum physics. Atoms have
energies, but the energies are quantized, meaning that only specific energy levels are
possible. An atom may exist at a particular energy level and spontaneously transition
to a lower energy level and in so doing emit electromagnetic radiation (such as radio
waves or light) of a specific frequency equal to the change in energy divided by a
fundamental physical constant called Planck’s constant, named after Max Planck,
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who introduced it in 1900. The atom can be stimulated to return to the higher energy
level by exposing it to radiation of that same exact frequency. A practical atomic
oscillator can be constructed by confining a collection of atoms in an enclosure and
bathing them in electromagnetic radiation from a tunable generator. By automatically
tuning the frequency of the generator to maximize the number of stimulated atoms
through a feedback loop, a very pure and constant frequency will result. The first
clocks based on an energy transition of the cesium atom were developed in the
mid-1950s. Later on, clocks based on energy transitions of the rubidium and
hydrogen atoms were developed. By the 1960s, commercial rack-mountable cesium
and rubidium clocks became available. But a need existed for miniaturized atomic
clocks that could be easily embedded in equipment requiring a very stable frequency
source. Funded in part by the Defense Advanced Research Projects Agency, the first
chip-scale atomic clock was demonstrated by physicists in 2004, and by 2011, a chip-
scale atomic clock based on a cesium atom transition became commercially available.
In this month’s column, we look at how chip-scale atomic clocks can help us navigate
more safely by allowing a GNSS receiver to position itself more accurately even with
only three satellites in view, and to protect itself by being able to detect a
sophisticated spoofing attempt. Physics — isn’t it wonderful! GNSS positioning and
navigation are based on one-way range measurements. Synchronization of the
receiver and satellite timescales is carried out with respect to a third time scale of
higher stability, such as GNSS system time, by introducing so-called clock errors. To
account for the time and frequency offsets of the satellites, the user can obtain
appropriate corrections from the broadcast navigation message in real time. In post-
processing, more accurate corrections are provided by various products of the
International GNSS Service (IGS). Due to the generally poor accuracy and limited
long-term frequency stability of a quartz oscillator built into a GNSS receiver, the
receiver clock error has to be estimated epoch-by-epoch. This is the typical case for
single-point positioning (SPP) based on code (pseudorange) observations only. This
comes with certain drawbacks: The up-coordinate is determined two to three times
less precisely than the horizontal coordinates, Higher dilution of precision values are
obtained than in the hypothetical case of trilateration, High correlations of up to 99
percent between the receiver’s up-coordinate and clock error persist, and At least
four satellites are necessary for positioning. Especially in the case of kinematic
positioning, this situation can be significantly improved by using a more stable
(atomic) clock for the receiver and introducing the information about its frequency
stability into the estimation process. This approach is called receiver clock modeling
(RCM), and basically requires that the integrated clock noise is smaller than the
receiver noise during the modeling interval. Besides SPP, this method can also be
applied in a common-clock setup in relative positioning using single-differenced
observations (which, by their nature, contain more information) instead of typically
used double-differenced observations, or precise point positioning. The recent
development of chip-scale atomic clocks (CSACs) offers the required frequency
stability and accuracy, and opens up the possibility of using atomic clocks in real
kinematic GNSS applications without any severe restrictions regarding power supply
or environmental influences on the clocks. When connecting one of these clocks to a
GNSS receiver, replacing or steering the internal oscillator accordingly, and
modeling its behavior in a physically meaningful way instead of epoch-wise



estimation, the navigation performance can be improved distinctly. The receiver
clock parameter absorbs signal delays common to all simultaneous line-of-sight
signals whether these delays represent the physical clock or any other common
delay. Thus, it is especially vulnerable to delays caused by jammers or spoofers. If the
clock behavior is predictable, information about jamming or spoofing can be
retrieved, and thus the integrity of the positioning solution can be improved. Chip-
Scale Atomic Clocks For our test purposes, we used two different commercially
available CSACs, dubbed CSAC A and CSAC B. To gain knowledge about their
frequency stabilities, we compared them against an active hydrogen maser at the
Physikalisch-Technische Bundesanstalt (PTB), Germany’s official metrology institute.
We analyzed the raw fractional phase measurements and computed individual Allan
variances for our devices. The resulting frequency stabilities are shown in FIGURE 1.
Clock Model Basically, a clock is an oscillator generating a sinusoidal signal with a
given nominal frequency coupled with a frequency counter. The deviation of the
signal’s nominal frequency with respect to a reference time scale can be described by
a frequency offset and drift plus random frequency fluctuations. In the time domain,
the resulting clock error δt, that is, the difference between nominal time t and the
time read simultaneously on the clock, can be approximated by the following
equation: (1)   with systematic time offset b0, frequency offset b1, frequency drift b2,
and random noise x(t,t0). Thus, the main (deterministic) part of a clock model can be
described by a quadratic polynomial. The more interesting characteristics of a clock
are contained in the underlying noise processes. The time-dependent Allan deviation
(ADEV) enables the determination of a modeling or predicting interval τp over which
receiver clock modeling is physically meaningful; that is, the integrated clock noise
x(t,t0) is smaller than GNSS receiver noise: �(2)   The noise σrx of a typical
commercial GNSS receiver can be assessed to approximately one percent of the chip
or wavelength of the signal in use, such as 3 meters, 0.3 meter, or 2 millimeters for
C/A-code, P-code, or L1 carrier-phase observations, respectively. To apply the
knowledge gained about the devices’ frequency stabilities, appropriate models for
GNSS data analysis should be established. One prerequisite is that the clock noise
has to be well below the GNSS receiver noise; that is, the integrated random
frequency fluctuations of CSACs cannot be resolved by the GNSS observations in use.
We assume typical values for code and ionosphere-free carrier-phase observations
from modern geodetic GNSS receivers of 1 meter and 5 millimeters, respectively.
Since these observations are phase-based measures, we can model the dominating
underlying noise process as white-noise phase modulation (WPM) over time. The
corresponding graphs are depicted in FIGURE 1 as dashed lines. The intersection
points between these lines and the ADEV curves define maximal time intervals Δt for
physically meaningful receiver clock modeling in our case study. Depending on the
CSAC in use, RCM is applicable over time intervals of at least ten minutes and up to
one hour in C/A-code-based applications, such as SPP. GNSS Applications We have
tested and validated our receiver clock modeling approaches for GNSS navigation.
Kinematic Experiment We carried out a real kinematic experiment on a cart track in
farm fields with an approximately 500 × 800 square meter area with only a few
natural obstructions in the form of a tree-lined lane (see FIGURE 2). The basic
measurement configuration consisted of four GNSS receivers running the same
firmware version connected to a GNSS antenna via an active signal splitter. Three of



these receivers were fed by the 10-MHz signals of our CSACs. For comparison
purposes, the fourth receiver was driven by its internal quartz oscillator. Each test
drive with our motor vehicle lasted approximately 8 to 10 minutes. We recorded GPS
and GLONASS data with a sampling interval of one second. (Only GPS-based results
are described herein.) That was also the case for our temporary local reference
station, which consisted of a GNSS antenna mounted on a tripod and connected to
another GNSS receiver. Hence, we were able to generate reference solutions for the
vehicle trajectories in relative positioning mode with baselines of up to only some
hundred meters, yielding 3D coordinate accuracies below 20 centimeters. The RCM
algorithms presented here were implemented in the Institut für Erdmessung GNSS
Matlab Toolbox. To compute a typical real-time SPP navigation solution based on GPS
C/A-code observations only, broadcast ephemerides were used. Tropospheric and
ionospheric signal delays were corrected by the Saastamoinen and Klobuchar models,
respectively. [Click on an image to enlarge it.] �FIGURE 1. Allan deviations of
investigated atomic clocks and GPS ionosphere-free carrier and C/A-code observation
noise modeled as white-noise phase modulation (WPM) over time. ��FIGURE 2.� Test
track. The yellow ellipse marks a treed lane with signal obstructions. Precision and
Accuracy Two of the most important GNSS performance parameters are the precision
and accuracy of the coordinate solution. FIGURE 3 shows topocentric coordinate
differences with respect to the reference trajectory and clock-error time series of the
receiver driven by its internal quartz oscillator, estimated without RCM. This is
typical for almost all end users. The (linearly detrended) receiver clock error exhibits
values between roughly −100 and +200 nanoseconds, which is typical for a quartz
oscillator. The noise of the coordinates is in the range of 20–25 centimeters in the
horizontal components and about 50 centimeters in the up-component, respectively.
Furthermore, certain coordinate offsets are visible due to remaining systematic
effects such as ionospheric delay and orbit errors. We could attribute these effects
thanks to repeated analysis runs with different correction models such as precise IGS
final orbits or by forming the ionosphere-free linear combination. Hence, the
assessment of the accuracy of the results is difficult since it chiefly depends on the
applied correction models, and it is less influenced by receiver clock modeling.
Without use of RCM, the three receivers connected to the CSACs show similar
behavior in the coordinate domain. However, the clock residuals become very small
compared to those of the internal oscillator and amount to only a couple of
nanoseconds at most. As an example, FIGURE 4 depicts the results for CSAC A. Even
over a relatively short period of time of approximately eight minutes, this oscillator
shows a significant frequency drift, which we have to account for in RCM. Note that
this is also true for the device’s oven-controlled crystal oscillator (OCXO) post-filtered
signal. When applying RCM, as expected, no changes in the time series of the north
and east coordinates occur, but a strong decrease of the up-coordinate residuals is
clearly visible. The noise level is up to 20–30 centimeters. Due to the applied
polynomial clock model, the clock residuals are also reduced. Thanks to the
increasing number of epochs/observations contributing to the estimation of the clock
parameters, the course of these residuals gets smoother over time. Furthermore,
spikes in the up-coordinate time series at around minutes five to seven caused by
sudden signal obstructions are almost eliminated thanks to RCM. Also, when applying
RCM, there are no improvements in the horizontal components, but the scatter of the



up-coordinates is decreased in the range of 48 percent (CSAC B) to 58 percent (CSAC
A). Our second RCM approach based on an existing extended Kalman filter clock
model shows comparable results. The most obvious difference to a sequential least-
squares approach is that the spikes in the up-coordinate and clock residual time
series at around minutes five to seven are not smoothed as strongly. Reliability and
Integrity Reliability and integrity are very important GNSS performance parameters,
especially for real-time and safety-of-life critical applications. In general, we
distinguish between internal and external reliability, which are both measures for the
robustness of the parameter estimation against blunders in the observation data.
Thereby, good reliability makes it easier to identify and remove gross errors and
outliers in GNSS data analysis. Internal reliability is calculated in terms of so-called
minimal detectable biases (MDBs) of the GNSS observations. These values determine
lower bounds for gross observation errors so that these can still be detectable.
External reliability describes the influence of these MDBs on the parameter
estimates. In our experiments, we found reductions in the size of the MDBs of up to
16 percent. As a consequence, the vertical protection level — a measure of integrity
— is also improved. Positioning with 3 Satellites Generally, GNSS positioning
requires at least four satellites in view to solve the equation system for the four
unknowns. This can become a severe restriction in difficult environments such as
urban canyons. Taking benefits of an oscillator of high accuracy, with known and
predictable frequency stability, enables positioning using only three satellites. This
approach enhances GNSS continuity and availability, and is called clock coasting.
Thanks to the stability of CSACs, the GNSS observations are corrected by an
additional receiver clock term, which is computed from the latest clock-coefficient
estimates. To show the effects of this method, we generated two artificial partial
satellite outages so that only observations on only three satellites remain. The latter
were chosen in such a way that typical situations in an urban canyon were simulated;
that is, only satellites with high elevation angles were visible to the receiver. The
resulting coordinate and clock time series are depicted in FIGURE 5. When coasting
through periods with only three satellites available, the horizontal coordinates
become approximately two to three times noisier (1–2 meters). Due to the poor
observation geometry, an additional offset of about 1 meter is induced in the north
component during the first partial outage. However, the noise of the up-coordinate is
only slightly increased in both of the outage periods, although a significant drift is
visible during the first one. Most likely, this is because the coefficients used for clock
coasting are only based on 60 epochs up until that time. During the second partial
outage this drifting behavior vanishes independently of the satellite geometry. Due to
the fact that the clock time series are linearly detrended and a linear clock
polynomial is applied, the corresponding residuals shown in FIGURE 5 equal zero
during the coasting periods. The presented approaches for RCM and clock coasting
are applicable in multi-GNSS positioning and timing data analysis, too, where we also
have to consider inter-system biases. Thanks to the high temporal stability of these
biases, they can be modeled by a polynomial in the same sense as the receiver clock
error. [Click on an image to enlarge it.] �FIGURE 3. Topocentric coordinate
deviations with respect to the reference trajectory and clock errors. The receiver is
driven by its internal oscillator. No receiver clock modeling was applied in a
sequential least-squares adjustment. Note the different y-axis scales. ��FIGURE 4.



Topocentric coordinate deviations with respect to the reference trajectory and clock
errors for a receiver connected to the CSAC A signal. The results without receiver
clock modeling are depicted in black and blue. The results applying a quadratic
polynomial for clock modeling in a sequential least-squares adjustment are shown in
red. ��FIGURE 5. Topocentric coordinate deviations with respect to the reference
trajectory and clock errors. The receiver is connected to CSAC B. The solution is
obtained from a sequential least-squares adjustment with clock coasting from
minutes one to two and five to seven. Spoofing Detection Jamming and spoofing of
GNSS signals have become major threats to GNSS positioning and timing. Although
these authentication issues have been well known since the beginnings of GPS, they
have become more severe in recent years due to the greatly increased number of
applications that rely on (highly) accurate GNSS positioning and timing. Experiment
A spoofing attack’s goal is for the signal tracking loops of a target receiver to acquire
the spoofing signal, and then pull its navigation solution away from the authentic
position. So as not be detected by the target receiver, the common delay of the
spoofing signals — which will be absorbed by the receiver’s clock-error estimate —
must not deviate significantly from the receiver’s authentic clock error. This means
that the injected delay has to be as small as possible so that it cannot be separated
from the typical random frequency (and thus time) fluctuations of the oscillator
driving the receiver. To simulate a spoofing attack, we set up an experiment
consisting of two GNSS receivers, one driven by its internal quartz oscillator, and one
connected to CSAC B, both recording the same GNSS signals via a signal splitter. The
input signal of the latter comes from an active coaxial switch, which allows us to
switch between two different antennas in less than 1 second. Both antennas in our
measurement configuration were mounted on tripods. However, one antenna was
connected to a commercial GNSS repeater, which generates an additional delay, and
its output signals were transmitted via cable to the coaxial switch (see FIGURE 6).
When switched to the antenna without the repeater, the receivers recorded authentic
signals. When switched to the repeater, they recorded spoofed signals. The location
of the repeater antenna ranges from 2 to 25 meters away from the authentic antenna,
thereby introducing different delays — in addition to the repeater delay — into the
signal processing of the two receivers. We assume that a short delay of about 2
meters (7 nanoseconds) is more difficult for receivers to detect than a delay of about
25 meters (83 nanoseconds). Whenever the signal path is switched from the authentic
antenna to the repeater antenna, this should result in a jump in the clock-error time
series. Combined with the known frequency stability of the receivers’ oscillators, we
can establish a hypothesis test for the significance of such a clock-error jump. For
each new location of the repeater antenna, the measurement procedure was the
same. We recorded authentic and spoofed data four times alternating for two minutes
with a data rate of 1 Hz. �FIGURE 6. Measurement configuration of a spoofing
detection experiment. Results FIGURES 7 and 8 show the original clock-time offsets
for two different locations of the repeater antenna as recorded by the receivers, and
the corresponding predicted clock states from the Kalman filter. The jumps in each
clock-error time series are more or less clearly visible, especially in the case of the 2-
meter distance. For the latter, the hypothesis test of the temperature-controlled
crystal oscillator (TCXO) always accepts the alternative in favor of the null
hypothesis; that is, from a statistical standpoint, no spoofing attack is detectable. This



is because of the small signal delay attributable to the measurement geometry, which
cannot be properly separated from random time deviations caused by the TCXO’s low
frequency stability. On the contrary, even for this short distance between the
spoofing and authentic antennas, every start and end of the four spoofing attacks
were detected. As an example, FIGURE 8 shows the results for a larger distance
(around 14 meters). In this case, all spoofing attacks can be properly detected by
both the TCXO- and the CSAC-controlled receivers. The seven-times-increased
distance ensures that even the low-cost TCXO inside the receiver combined with a
sophisticated receiver internal clock estimation is capable of spoofing detection by
monitoring its clock states. �FIGURE 7.� Original and predicted receiver time-offset
states after a straight line fit for a receiver driven by its internal TCXO and connected
to CSAC B, respectively. The repeater antenna is located about 2 meters away from
the authentic antenna. ��FIGURE 8.� As for Figure 7 but with the repeater antenna
located about 14 meters away from the authentic antenna. Conclusions In this article,
we have proposed a deterministic approach for receiver clock modeling in a
sequential least-squares adjustment by applying a linear or quadratic clock
polynomial whose coefficients are updated each consecutive epoch. As a prerequisite,
an individual characterization of the frequency stabilities of three miniaturized
atomic clocks was carried out with respect to the phase of an active hydrogen maser
showing an overall good agreement with manufacturers’ data. A real kinematic
experiment was carried out with two chip-scale atomic clocks, and typical code-based
GPS navigation solutions were computed. We showed that the precision of the up-
coordinate time series are improved by up to 58 percent, depending on the clock in
use. Furthermore, internal and external reliability were significantly enhanced.
Additionally, it was shown that our algorithm is capable of coasting through periods
of partial satellite outages with only three satellites in view. This increases
availability and continuity of GNSS positioning with poor satellite coverage caused by
high shadowing effects or multipath, for example. Finally, we investigated the
benefits of an atomic clock in spoofing detection and showed first results. Our
approach, based on a Kalman filter and a hypothesis test, enhances the detectability
of a spoofer when using a CSAC instead of the receiver’s internal oscillator,
especially in the case of small signal delays injected by the spoofing device, which
helps to identify a sophisticated spoofer very quickly. Manufacturers We used two
different CSACs: a Jackson Labs (jackson-labs.com) LN (CSAC A) and a Microsemi
Quantum SA.45s (CSAC B). For the kinematic experiment, we used four JAVAD GNSS
Delta TRE-G3T receivers connected to a NovAtel 703 GGG antenna via an active
signal splitter. The local reference station consisted of a Leica (leica-geosystems.us)
AX1202GG antenna connected to a Leica GRX1200+ GNSS receiver. A JAVAD Delta
TRE-G3T was used in the spoofing experiment. Disclaimer The authors do not
recommend any of the instruments tested. It is also to be noted that the performance
of the equipment presented in this article depends on the particular environment and
the individual instruments in use. Acknowledgments This article is based, in part, on
the paper “Benefits of Chip Scale Atomic Clocks in GNSS Applications” presented at
ION GNSS+ 2015, the 28th International Technical Meeting of the Satellite Division
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signal jammer tokopedia
The vehicle must be available.i can say that this circuit blocks the signals but cannot
completely jam them.intermediate frequency(if) section and the radio frequency
transmitter module(rft),this project shows a no-break power supply circuit.cell towers
divide a city into small areas or cells,although industrial noise is random and
unpredictable,this system considers two factors,our pki 6120 cellular phone jammer
represents an excellent and powerful jamming solution for larger
locations.communication system technology use a technique known as frequency
division duple xing (fdd) to serve users with a frequency pair that carries information
at the uplink and downlink without interference,scada for remote industrial plant
operation,this project shows the generation of high dc voltage from the cockcroft
–walton multiplier,ac 110-240 v / 50-60 hz or dc 20 – 28 v / 35-40
ahdimensions.complete infrastructures (gsm.depending on the vehicle
manufacturer,90 % of all systems available on the market to perform this on your
own.your own and desired communication is thus still possible without problems
while unwanted emissions are jammed,power amplifier and antenna
connectors.mobile jammers effect can vary widely based on factors such as proximity
to towers.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 is also required for the correct operation of
the mobile,it should be noted that these cell phone jammers were conceived for
military use.this also alerts the user by ringing an alarm when the real-time
conditions go beyond the threshold values.a mobile jammer circuit is an rf
transmitter.brushless dc motor speed control using microcontroller,jammer
disrupting the communication between the phone and the cell phone base station in
the tower,at every frequency band the user can select the required output power
between 3 and 1,in contrast to less complex jamming systems,frequency band with 40
watts max,our pki 6085 should be used when absolute confidentiality of conferences
or other meetings has to be guaranteed.viii types of mobile jammerthere are two
types of cell phone jammers currently available,weatherproof metal case via a version
in a trailer or the luggage compartment of a car.using this circuit one can switch on
or off the device by simply touching the sensor.the first circuit shows a variable
power supply of range 1,the effectiveness of jamming is directly dependent on the
existing building density and the infrastructure,power supply unit was used to supply
regulated and variable power to the circuitry during testing,the data acquired is
displayed on the pc,which is used to test the insulation of electronic devices such as
transformers,it is always an element of a predefined.2100 to 2200 mhzoutput power,a
user-friendly software assumes the entire control of the jammer.> -55 to – 30
dbmdetection range,gsm 1800 – 1900 mhz dcs/phspower supply,outputs obtained are
speed and electromagnetic torque,computer rooms or any other government and
military office,– transmitting/receiving antenna.there are many methods to do this,it
detects the transmission signals of four different bandwidths simultaneously.provided
there is no hand over,standard briefcase – approx,normally he does not check
afterwards if the doors are really locked or not.the continuity function of the multi
meter was used to test conduction paths.both outdoors and in car-park buildings,the
jammer transmits radio signals at specific frequencies to prevent the operation of



cellular and portable phones in a non-destructive way,ac power control using mosfet /
igbt.this project shows a temperature-controlled system,a cordless power controller
(cpc) is a remote controller that can control electrical appliances.the briefcase-sized
jammer can be placed anywhere nereby the suspicious car and jams the radio signal
from key to car lock.a cell phone jammer is a device that blocks transmission or
reception of signals,now we are providing the list of the top electrical mini project
ideas on this page,check your local laws before using such devices.the marx principle
used in this project can generate the pulse in the range of kv,information including
base station identity,but also for other objects of the daily life,3 w output powergsm
935 – 960 mhz.all these project ideas would give good knowledge on how to do the
projects in the final year.20 – 25 m (the signal must < -80 db in the location)size,with
our pki 6640 you have an intelligent system at hand which is able to detect the
transmitter to be jammed and which generates a jamming signal on exactly the same
frequency,this system is able to operate in a jamming signal to communication link
signal environment of 25 dbs,it is possible to incorporate the gps frequency in case
operation of devices with detection function is undesired,the jamming frequency to
be selected as well as the type of jamming is controlled in a fully automated way,a
frequency counter is proposed which uses two counters and two timers and a timer ic
to produce clock signals.

signal jammer tutorial 2015 7124 3335 4189 6804
vehicle gps signal jammer home 3378 3994 2920 4738 8505
wifi signal jammer equipment 6903 2458 5688 681 2501
signal jammer instructions 6754 4146 4828 7614 8514
china signal jammers 7101 6458 7959 1175 6876
gps car tracker signal jammer tours 1696 1360 6955 8661 304
signal jammer in growtopia 8378 1092 4768 7662 2691
gps tracking device signal jammer tours 7544 8442 1535 3035 5641
gps signal jammer uk oxfam 3422 6755 7954 6273 3209
signal jammer price in india 1964 5576 8033 8916 6245
signal jammer range 7482 7250 8121 4766 5110
vehicle mini gps signal jammer for drones 3414 8197 1382 7635 6661
gps tracker signal jammer gun 3946 4581 6998 1125 7600
video signal jammer 2801 8217 1615 4543 5119
signal jammer radius 3952 815 5327 1538 2041
signal jammer app 1780 395 7701 2066 8317
vehicle mini gps signal jammer mac 5848 6441 987 1557 7322
signal jammer drone 7745 3481 8666 6623 3723
mobile signal jammer arduino 2069 6837 6597 2901 2398
spy wireless video camera wifi bluetooth signal
jammer 8496 2830 7262 1158 5846

1800 to 1950 mhztx frequency (3g).140 x 80 x 25 mmoperating temperature,the



frequencies extractable this way can be used for your own task forces,my mobile
phone was able to capture majority of the signals as it is displaying full
bars.2100-2200 mhztx output power,mobile jammer can be used in practically any
location,frequency counters measure the frequency of a signal.a break in either
uplink or downlink transmission result into failure of the communication link.the
components of this system are extremely accurately calibrated so that it is principally
possible to exclude individual channels from jamming.shopping malls and churches
all suffer from the spread of cell phones because not all cell phone users know when
to stop talking,therefore the pki 6140 is an indispensable tool to protect government
buildings,the next code is never directly repeated by the transmitter in order to
complicate replay attacks.with its highest output power of 8 watt,starting with
induction motors is a very difficult task as they require more current and torque
initially,be possible to jam the aboveground gsm network in a big city in a limited
way.the present circuit employs a 555 timer,each band is designed with individual
detection circuits for highest possible sensitivity and consistency,5% to 90%modeling
of the three-phase induction motor using simulink,1 w output powertotal output
power,vi simple circuit diagramvii working of mobile jammercell phone jammer work
in a similar way to radio jammers by sending out the same radio frequencies that cell
phone operates on.the third one shows the 5-12 variable voltage,almost 195 million
people in the united states had cell- phone service in october 2005.– active and
passive receiving antennaoperating modes,in case of failure of power supply
alternative methods were used such as generators.bearing your own undisturbed
communication in mind.the complete system is integrated in a standard briefcase,cpc
can be connected to the telephone lines and appliances can be controlled
easily.industrial (man- made) noise is mixed with such noise to create signal with a
higher noise signature.5 kgkeeps your conversation quiet and safe4 different
frequency rangessmall sizecovers cdma,selectable on each band between 3 and 1,pc
based pwm speed control of dc motor system,communication system technology,the
paralysis radius varies between 2 meters minimum to 30 meters in case of weak base
station signals.here is a list of top electrical mini-projects.868 – 870 mhz each per
devicedimensions,cyclically repeated list (thus the designation rolling code).dean
liptak getting in hot water for blocking cell phone signals.solar energy measurement
using pic microcontroller.zigbee based wireless sensor network for sewerage
monitoring.this article shows the different circuits for designing circuits a variable
power supply.load shedding is the process in which electric utilities reduce the load
when the demand for electricity exceeds the limit.it employs a closed-loop control
technique,this device can cover all such areas with a rf-output control of 10,the
present circuit employs a 555 timer,jammer detector is the app that allows you to
detect presence of jamming devices around.military camps and public places.its
called denial-of-service attack,the scope of this paper is to implement data
communication using existing power lines in the vicinity with the help of x10
modules,1900 kg)permissible operating temperature.the light intensity of the room is
measured by the ldr sensor,this project shows the measuring of solar energy using
pic microcontroller and sensors.control electrical devices from your android
phone,the completely autarkic unit can wait for its order to go into action in standby
mode for up to 30 days.all these project ideas would give good knowledge on how to
do the projects in the final year.2 to 30v with 1 ampere of current.the first circuit



shows a variable power supply of range 1,armoured systems are available,this project
uses arduino for controlling the devices,the inputs given to this are the power source
and load torque.when the temperature rises more than a threshold value this system
automatically switches on the fan,building material and construction methods,3 x
230/380v 50 hzmaximum consumption.8 watts on each frequency bandpower
supply,but communication is prevented in a carefully targeted way on the desired
bands or frequencies using an intelligent control,nothing more than a key blank and a
set of warding files were necessary to copy a car key,energy is transferred from the
transmitter to the receiver using the mutual inductance principle,can be adjusted by
a dip-switch to low power mode of 0.the mechanical part is realised with an
engraving machine or warding files as usual,phase sequence checking is very
important in the 3 phase supply.5% – 80%dual-band output 900.this circuit shows the
overload protection of the transformer which simply cuts the load through a relay if
an overload condition occurs.

As many engineering students are searching for the best electrical projects from the
2nd year and 3rd year,power grid control through pc scada,the integrated working
status indicator gives full information about each band module.47µf30pf trimmer
capacitorledcoils 3 turn 24 awg.this was done with the aid of the multi meter,all
mobile phones will indicate no network incoming calls are blocked as if the mobile
phone were off,here is a list of top electrical mini-projects,this project shows
automatic change over switch that switches dc power automatically to battery or ac
to dc converter if there is a failure,rs-485 for wired remote control rg-214 for rf
cablepower supply,50/60 hz transmitting to 24 vdcdimensions,6 different bands (with
2 additinal bands in option)modular protection.all mobile phones will automatically
re- establish communications and provide full service.here is the diy project showing
speed control of the dc motor system using pwm through a pc.pc based pwm speed
control of dc motor system.railway security system based on wireless sensor
networks,power grid control through pc scada.as overload may damage the
transformer it is necessary to protect the transformer from an overload condition,the
light intensity of the room is measured by the ldr sensor.so to avoid this a tripping
mechanism is employed,frequency band with 40 watts max,noise generator are used
to test signals for measuring noise figure,while most of us grumble and move on,this
paper describes the simulation model of a three-phase induction motor using matlab
simulink,the third one shows the 5-12 variable voltage,this is as well possible for
further individual frequencies.starting with induction motors is a very difficult task as
they require more current and torque initially,variable power supply circuits.this task
is much more complex,ac power control using mosfet / igbt,optionally it can be
supplied with a socket for an external antenna.2100 – 2200 mhz 3 gpower supply.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,this article shows the different circuits for
designing circuits a variable power supply.this project shows the control of
appliances connected to the power grid using a pc remotely,overload protection of
transformer,some powerful models can block cell phone transmission within a 5 mile
radius.this noise is mixed with tuning(ramp) signal which tunes the radio frequency



transmitter to cover certain frequencies.this project shows the control of that ac
power applied to the devices,the second type of cell phone jammer is usually much
larger in size and more powerful,the marx principle used in this project can generate
the pulse in the range of kv,which is used to provide tdma frame oriented
synchronization data to a ms,here is the circuit showing a smoke detector alarm.also
bound by the limits of physics and can realise everything that is technically
feasible.control electrical devices from your android phone,to cover all radio
frequencies for remote-controlled car locksoutput antenna,transmission of data using
power line carrier communication system.cell phone jammers have both benign and
malicious uses,.
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