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Permanent Link to Recording and Replay for Multiple Constellations and Frequency
Bands
2021/04/30
The design and verification of a new class of portable wideband record-and-playback
system considers the relative merits and limitations of both simulator and
record/replay approaches. The authors also discuss the benefits of the different test
approaches to the development and characterization of various GNSS receiver types.
By Steve Hickling and Tony Haddrell As new GNSS systems become available, and
users take receivers to ever more challenging environments, the need for repetitive
and repeatable testing during development grows ever stronger. Simulators have
traditionally demonstrated performance and repeatability in the laboratory
environment, and this approach remains the only option for planned signals not yet
broadcast from space. However, this approach is becoming more complex as the
number of GNSS signals and their reception environments increase. Another way of
testing receivers is through field trials. This allows investigation of conditions
difficult to simulate, such as multiple reflections and interferers. These environments,
however, are time-varying, and thus not repeatable in the true sense. Therefore,
proper comparisons can only be made by assessing all competing receivers in the
same trial, and any performance anomalies seen cannot necessarily be tracked down
by returning to the same location at some point in the future. Furthermore,
developers would like to see for themselves any such anomalies and try to understand
and correct them, but it is not always desirable or practical (and certainly not
economical) to put development engineers in locations scattered all over the globe.
To tackle this problem, GNSS signal record-and-replay capability is gaining
acceptance as a practical tool for recording a signal environment at a single point in
time and replaying at will. In real terms this means a device must receive the radio
signals from the GNSS satellites, reduce them to a form suitable for storage, and
then recreate signals from the stored data in a manner that makes them look
completely real to any receiver under test or development. Some receiver
manufacturers developed their own capability to do this. Early devices were of
necessity restricted in the signals they could handle and store, limited both by budget
and available technologies. The basic problems are the amount of data to be stored in
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real time and the ability to recover it in real time. Even the GPS L1-only low
bandwidth C/A code requires at least 2 Mbytes per single second of recording, or
more than 100 Mbytes per minute. Fortunately, with digital storage technology
advances, we can now make use of higher storage capacities (1 TByte of storage is
readily available at reasonable cost) and also higher write/read bandwidths (100
MBytes per second is realistic). All we need is some hardware and a processor that
can handle the data rates. Once we have our wanted signals reduced to some form of
digital representation, we can simply store and retrieve them at will, handling the
recordings as simple, if somewhat large, data files. This allows file distribution
between equipments, and a split between making the recording in the field and
replaying it in the laboratory. In fact, many manufacturers have dedicated field
recording teams who send the files back to the engineers interested in the signal
environments. Replaying the signals is in some ways similar to generating simulated
signals. In both cases, the starting point is digital data, on the one hand recorded in
the field, on the other hand calculated by mathematical algorithms using the scenario
specified in the simulator. In both cases the signal is created by generating radio
frequency (RF) carriers and modulating them according to the GNSS signal formats.
Contrast of Two Approaches. None of the characteristics of the record/replay device
replace the functionality of the simulator; in fact, both are valid tools for development
and testing. For instance, it is not possible with a record/replay device to manipulate
individual satellite signals, nor to introduce specific errors in the radio signals.
Equally, it is not really possible with a simulator to recreate a particular physical
environment made up of many reflected signals, jammers, manmade noise, and
moving scenery. With a simulator, the user has control over the power of the received
satellite signal, whereas in the recorder the entire signal-to-noise ratio observed at
the point of reception has been recorded, and the user can only control the amplitude
of the entire noise plus signal. Permanent Signal Monitoring One other aspect of raw
signal recording lies outside the receiver testing topic, but is of interest for GNSS
signal monitoring. It uses the ability to record GNSS signals all of the time, in this
case from a good signal environment, and then to retain any time spans where an
anomaly in the signals has been detected by a monitor receiver. This is comparable to
recording security CCTV pictures, where we expect nearly all of the resulting files to
be redundant, but can retain the interesting bits to replay over and over for further
analysis. For example, if it is known that a given timing receiver installation suffers
periodic loss of lock, it is possible to make a recording using the loss of lock to
signpost the interesting region in much the same way as a reverse trigger on an
oscilloscope. Limitations and Compromises The sheer function of recording GNSS
signals off-air has some built-in limitations. First, the signal recorded represents only
a snapshot of the environment, although numerous recordings can be made at, say,
busy and quiet times, day and night, etc. This is really a reversal of the “non
repeatability” aspect of measuring performance in a particular location. In the
recording sense, we only get repeatability, with no guarantee that the scenario
captured represents worst case conditions. Thus, going back to the location in the
future may or may not provide similar results. In addition to this, there are some
signal processing aspects that limit the fidelity of the replayed signals. The first is
that any recorder must have an external GNSS antenna and a GNSS receiver front-
end built in, and this combination will receive both the satellite signals and thermal



noise. The level of the noise is much higher than that of the signals if we don’t do any
correlation related processing, and the receiver will contribute some more noise of its
own (the noise figure of the system). The second aspect is that in downconverting the
radio signals to a usable frequency for sampling and storage, the recorder must use
some frequency reference of its own, which will contribute some frequency
uncertainty and some phase noise (or jitter on the frequency). The final aspect is the
digitization of the downconverted signal to get it into a suitable form for manipulation
and storage. Since we are essentially sampling noise here (with the GNSS signal
buried in it) we need to look at fidelity in reproduction of the noise during playback,
and the effect of any signal (a jammer or interferer) that is above the amplitude of the
noise. In analyzing this last aspect, we may include the effect of any automatic gain
control (AGC) used to present the correct amplitude signal to the analog to digital
(A2D) converter. A New Simulation Requirement We wanted to create a much more
comprehensive and flexible device than hitherto available, going part way towards
the much more general (and expensive) instrumentation recorders that are currently
the only alternative. The requirement is for a flexible, self-contained device that can
be easily carried or transported for recording purposes, so having an internal battery
and built-in control functionality, and simultaneously a device that fits neatly into a
networked and externally controlled laboratory environment. The first approach was
to cover all of the possible GNSS frequency bands, although as more are added with
time, we realized that this needed to be moderated somewhat. So the product covers
L1, L2, L5 and their derivatives for the differing GNSS systems GPS, GLONASS,
Galileo, and BeiDou, and also the Inmarsat commercial band to cover the proprietary
augmentation signals used by many high-accuracy receivers (see Figure 1, red
outlines). FIGURE 1. Frequency bands, outlined in red, supported by the new record-
and-replay device. The next decision was what bandwidths to allow at each
frequency, and how much of this bandwidth could be covered at once. The limitations
here are driven by the data storage requirements of the signals being recorded, and
the speed that they can be written to disk. The resulting solution allows bandwidths
(BW) of up to 30 MHz at each frequency, and any three such bandwidths to be
recorded at once. Physically, this is implemented with three channels with the ability
to record any of the available frequencies or bandwidths. The user has, therefore,
flexibility to set up recording for his particular needs, which may be just L1 covering
BeiDou, GPS, Galileo, and GLONASS, or an L1,L2,L5, combination for a survey type
application. Of course, there are always requests for more capability, and we
envisaged early on the ability to stack two devices to give six channels of 30-MHz BW
for recording, say, GPS/Galileo and GLONASS at L1, GPS and GLONASS at L2,
Galileo/GPS at L5, and an Inmarsat data carrier. See later for how this is achieved.
The whole product has to fit in a portable box with enough battery power for more
than one-hour field campaigns, and also be capable of running from mains or vehicle
power. The associated antenna needs to cover all of the frequency bands. Figure 2
shows the end result in its standalone configuration. Figure 2. Portable solution for
recording. One additional requirement was placed upon the design, and that is the
ability to record and replay non-GNSS data simultaneously with the GNSS signals,
and reproduce them, if desired, in synchronism with the replayed signals. This allows
time ticks, events, assistance data, sensor data, or even video to be stored and
replayed along with the raw signals. Architecture and Implementation The new



record-and-replay device uses a fast computer running the Linux operating system as
its control center and storage/retrieval engine. Dedicated hardware is used to format
or recover the raw data, and this has access directly to the computer bus to minimize
the delays in writing or reading the mass storage, which in this case is a solid state
hard drive (SSD). The overall architecture is shown in Figure 3. Figure 3. Concept-
level architecture. The signal recording capability hinges around the RF planning,
which has the task of supplying the necessary flexibility without adding more than
minimal signal degradation. For the RF functionality, the device contains a
broadband front end and a three-channel RF amplifier (L1, Imarsat, and L2/L5),
filtering the signal down to reasonable bandwidths for later downconversion. Three
independent channels of downconversion to baseband I and Q analog signals have
access to any of the RF channels and are based upon satellite TV technology
architectures. The downconverters have baseband filters that can be commanded to a
desired bandwidth by the control processor. This allows the use of narrower
bandwidths where possible, allowing more recording time for a lower sampling rate.
The baseband signals are sampled at 10 MHz or 30 MHz, paying attention to the
Nyquist requirements for pre-digitisation filtering. Two bits for each of the I and Q
signals are utilized for packing into the recorded file format. Figure 4 shows the
arrangement. Figure 4 . The RF architecture. At this stage any additional
synchronous data to be recorded, such as truth or assitance data, is inserted into the
bit stream, and the data from all the channels in use is combined in a pre-determined
format. Dedicated hardware is used for this, and large data buffers are provided to
alleviate bottlenecks in sending data to the disks. Each file has an associated
definition in a header, and contains synchronization data to allow the device to set up
the replay path and recover the data bits in order to reproduce whatever combination
was recorded. Note that resulting data files are given the same extension, regardless
of content. Data files can be very big (at maximum bandwidth we record about 2.7
Gbytes per minute) and may be difficult to handle once recorded. To assist with this,
the device has a second, removable SSD on board, allowing recorded files to be
simply popped out of the caddy and shared with another device, or even mailed or
couriered. The RF path for the replay consists again of three independent channels,
able to generate any of the supported frequencies and modulate upon them the
original signals recovered from the stored file. Once again, dedicated hardware and
large buffers are needed to unpack the files and send the RF data to the correct
channels or to the synchronous data outputs in the case of recorded digital data, as
determined by the file header. The data representing the recorded RF is converted
back to analog form and filtered before being applied to modulators which
regenerate the original channelized signals. Each channel has a programmable
attenuator to “level” the amplitude, and the three channels are then combined
together before passing through a common attenuator to provide user control over
the replayed carrier to noise ratio (C/N0). Figure 5 shows the upconverter
arrangement. Figure 5. An upconverter channel. All frequencies created within the
device need to be traceable to a common reference. In addition, this reference needs
to be at least as good as the reference in any receiver to be tested, since both its
offset from true frequency and its rates of change will be superimposed on the
replayed data. Many commercial-grade GNSS receivers (such as those used in mobile
phone) are specifically designed to cope with poor oscillators, for instance a low-



grade temperature controlled crystal oscillator (TCXO), whereas more professional
receivers may expect a couple of orders of magnitude better performance. We
decided, therefore, to include an ovenized oscillator (OCXO) for use both in record
and playback modes. One challenge presented by this decision is that the oven is
necessarily thirsty for power, and therefore a bigger battery is needed than would
otherwise be the case. The OCXO used is a 10.23-MHz component, thus allowing
direct generation of the wanted GNSS frequencies using integer ratios and avoiding
as much phase noise as possible in the various RF channels. A dedicated phase
locked loop (PLL) generates a reference for output to other devices, and a 10-MHz
input connector is provided to lock the OCXO to an external reference. These
capabilities are utilized when combining two such devices, since we must have the
same frequency reference in each. Apart from locking the two oscillators together,
this configuration also needs time synchronization between the sampling in both
devices, and this is achieved via an additional cable connected between the accessory
connectors. Once time and frequency synchronized, the devices behave as a single
six-channel unit, using external RF splitter/combiners for the RF connections. Design
Challenges RF Total Bandwidth. The GNSS bands covered by the device range from
the L5 band to the GLONASS L1 band, a total range of 480 MHz allowing for signal
bandwidths. Table 1 shows the relevant bands. Whilst the RF front end must be wide
open to this range, assuming the use of a single RF input port, it is obviously
necessary to provide bandwidth narrowing by filtering as soon as possible, to exclude
jammers or carriers using the space between the GNSS bands, and to avoid the sheer
noise power overwhelming the RF circuits. Examination of the supported GNSS
services shows them essentially packed into two clusters of frequencies, which
provide a convenient way of filtering down the RF input into two RF “channels.” This
gets the total bandwidth down to about 180 MHz. Figure 1, the opening graphic for
this article, shows the groupings. Beidou B3 and Galileo E6 are currently out of scope
for this product, but will be supported in a later version. The Inmarsat-supported
signals are assigned their own RF path, since their structure is data modulated
carriers, usually with low SNR. Elsewhere in the Inmarsat band there are more
powerful carriers supporting comms traffic, which can “grab” the AGC and therefore
cause loss of SNR during the digitization process. Hence this band is processed
though its own RF path, maintaining as low a bandwidth as possible consistent with
the frequency allocations of the various (proprietary) GNSS augmentation data
carriers. Tradeoffs. Throughput of the recording or replay paths is the performance
limitation of the current architecture. Thus a lot of discussions and simulations
concerning possible bandwidth, sampling rates, and bit depth tradeoffs was
undertaken at the outset of the design. In addition, we needed to decide whether to
sample signals at an IF frequency or at baseband. Trials were conducted to
determine the real rates of disk access, which are different to the often quoted write
and read speeds of computer interfaces. The results of the trials and simulation led
us to adopt a maximum average data rate to/from the storage system of 50
Mbytes/second, this being shown to be available over a period of many hours.
Actually, at this rate we fill up a 1-Tbyte disk in about five hours. To service the
GNSS signal bandwidths of interest, again there are two groups of signals. This time
we are looking at either the commercial signals (“open service signals” in some
systems’ parlance) used by consumer-type receivers, which are relatively narrow



band, and the military, high-accuracy, or resilient signals of interest to surveying and
precision applications. Therefore, we offer two sampling rates, approximately 10 and
30 MHz, to avoid building large files where more than half of the bandwidth was of
no interest to the user. Next, we have to look at bit resolution. Given that we have
generally a noise-like signal with Gaussian characteristics, if we were looking at
digitizing at an intermediate frequency (IF), it can be shown that a 2-bit analog-to-
digital converter (A2D) would be sufficient to keep the digitization losses to less than
1dB. Obviously, the fewer number of bits we need to store the better, commensurate
with achieving the performance targets. Frequency planning for all of the possible
frequencies and bandwidths of interest is a complex task. The requirement here was
to downconvert each signal of interest to a low IF suitable for digitizing, whilst
having control of the bandwidth to eliminate unwanted signals and fulfill the Nyquist
criterion. In addition, we wanted each channel to be isolated from the others even
when the replay path involving the generation of the IF carriers was considered. We
therefore decided to downconvert to baseband for each channel, to avoid cross-
contamination via the various IFs that would have to be generated for replay. In other
words, we adopted an IF of zero Hz. This in turn means that the final bandwidth-
determining filters are at baseband, and can readily be controlled by software means
rather than having to switch RF paths. By downconverting into quadrature baseband
channels, all stored signals are at the same (zero) IF, and crosstalk and imaging
during upconversion is avoided. Thus the A2D architecture of 2 bits in the inphase (I)
and 2 bits in the quadrature (Q) arms of the downconverted signal was adopted.
Doing the calculation in terms of stored data, we see that we can operate three
channels inside our target storage bandwidth, with a margin left for other features
such as storing video at the same time. For 30M samples per second (SPS), each
channel has 4 bits or 0.5 bytes Therefore, for three channels the storage bandwidth is
0.5 * 3 * 30 MSPS, or 45 Mbytes/s To keep the optimum A2D characteristics, the AGC
is designed to adjust the signal amplitude at the converter to give a Gaussian
response to the four states determined by the two bits in each arm. The AGC operates
independently in each channel. Figure 6 shows the final architecture for the device in
block diagram form. Figure 6. Final architecture. Real-Time Data Handling. Storage
and retrieval of the digitized signals is carried out by dedicated hardware connected
to the RF downconverter, the playback upconverter, and the main computer that
“owns” the storage media. Large buffers allow the storage media to lag (record) and
lead (playback) the real-time signals in time, and to take short breaks for
housekeeping functions. Data is packed into a binary file according to a pre-
determined sequence, which in turn is set by the number of channels and bandwidths
in use. A file header is generated which contains all of the information necessary for
reconstructing the data streams for replay. A synchronization sequence is added at
the start of the file to allow recovery of the correct bits for each channel and each
baseband quadrature arm, and to the correct timeslots for each component.
Destroying the correct time reproduction is the most likely issue to cause faulty
replay in any record/replay device. GNSS receivers don’t like discontinuous or
slewing time! This approach also allows the insertion of external digital data into the
file. Providing the data processing hardware is aware of the individual bits into which
this data is placed, digital data recorded at the same time as the raw signals may be
regenerated synchronously during replay. Thus any data that is applied to a receiver



in a real time trial can be available for the same trial any time after the event. Two
streams of synchronous data can be recorded per channel potentially making six
serial data streams per chassis available. User Interfaces A final challenge presents
itself in the case of user interfaces. Although the operational options of the device are
quite complex, there is a requirement to be able to capture field data with just the
equipment itself and any necessary antenna setup. Consequently, the product has a
display and control keys implemented on the front panel, allowing the user
comprehensive access to the internal functions using a menu system and scrolling
displays. Alternatively, for operation in a lab environment, a network connected user
interface is specified, and this requirement is supported by a webserver running on
the main processor in the device. Thus, simply opening a web browser and
connecting to the device’s IP address allows full functional control. In addition,
connecting a mouse, keyboard, and monitor to the device allows access to the main
processor, allowing the running of scripts thus providing full control of replays and
receiver functions for running continuous tests in an automated laboratory
environment. Using this approach, receiver modifications can be tested over many
scenarios and locations many times each, to provide statistically relevant results,
without taking up operator time. Remote monitoring is possible using the webserver.
Performance Testing A range of tests and trials have been carried out to verify that
the product meets its specifications, and to measure the performance in a number of
real life scenarios. Repeatability, Degradation, Attenuation. The first and most
obvious thing to explore is the effect of the record and playback on signal-to-noise
ratio. Since the RF circuits add some noise to the signal recorded, we would expect
some degradation to take place here. Also, during replay, the receiver under test
adds more noise, depending on its noise figure, although this should be the same as
would be added when using “live” signals. Many receivers adjust for their noise
figure when reporting C/N0 numbers (C/N0 is a signal to noise measurement
normalized to a 1-Hz bandwidth and is the standard reported measurement for most
GNSS receivers). However, by replaying back the recorded signal and noise at a
higher level than would have been received in “live” conditions, we can eliminate
almost all of the degradation. In live versus replayed tests for individual satellites
using a JAVAD receiver, which allows us to test all of the supported bands and
constellations, we found that replay is possible within ±1 dB of the original live
signals. Replayed signals were about 10 dB above the original recorded level to
achieve this, effectively swamping the receiver’s noise contribution. An interesting
aspect of controlling the C/N0 this way is the ability to attenuate the replayed signal
and, therefore, increase the contribution of the test receiver’s noise figure. Thus,
although the recorded C/N0 hasn’t changed, we can attenuate the replay level and
use the receiver to add noise. This process is not linear, and we obviously have to
remove nearly all of the 10-dB excess to get started. The device keeps a table of
attenuation vs C/N0 reduction, allowing the user to simply dial up the required C/N0
loss. Since this depends on the receiver noise figure, effects may differ slightly from
receiver to receiver. Usefully the table is user definable allowing tailoring to a
specific receiver. Losses from Phase Noise, Other Factors. This category of
degradation is more difficult to quantify, since the effects are on tracking and
therefore range and phase measurement rather than signal to noise ratio. One way of
looking at this is, therefore, to establish the positioning performance during live and



replayed sessions, and measure the differences. This has some complexity, though,
since putting the same signals into a receiver multiple times yields differing
performance each time, meaning that we have to use some statistical analysis. Of
course this isn’t possible on live signals, and is one reason why repeatable replayed
signals are so important in developing GNSS receivers. Another aspect is the fact
that some of the effects are differential among frequency bands (filter delays, for
instance) and across bands as well (group delay) and also occur in the receiver under
test, which will have been calibrated to mitigate its own contribution. Figure 7 shows
a comparison of static positioning for live and replayed signals using only GPS L1 and
a 10-MHz sampling rate with an ST-Ericsson receiver, whilst Figure 8 is from a
JAVAD receiver using all possible signals in live mode and GPS L1/L2 and GLONASS
L1 in replay. In both cases the degradation is within 1 meter always, and much less
than this when statistically analyzed. Figure 7. Static position GPS L1 comparison:
live left, replayed right. Figure 8. GPS L1/ L2 with GLONASS L1 comparison. Another
opportunity to measure the effects is to run a zero baseline phase solution, whereby
the receiver is used as the “base station” when receiving live signals which are
simultaneously recorded. During replay, the same receiver is used as the “rover” with
RTK corrections coming from the previously captured live session. In this setup,
therefore, we are really only measuring differences in the replayed and live signals,
and the usual measurement limitations of the receiver. Figure 9 shows the results of
one such test, with the pseudorange and carrier phase residuals plotted. This was
carried out using two devices in master/slave mode recording GPS L1, L2, L5, and
GLONASS L1, L2. As can be seen, the residuals are within “normal” expectations and
are measured as 0.42 m RMS for the pseudorange and 1mm RMS for the carrier
phase. Figure 9. Residuals from zero baseline replay. Drive Test One of the most
common uses for the recorder is to capture the signals at a particular time in a
chosen “difficult” environment, A number of representative trials were carried out
and we were able to demonstrate consistent results and repeatability. In some cases,
the replayed signals yield better performance than live ones, which of course is
possible given the differing receiver responses per signal run. Also, the more times a
receivers sees the same time span, the more ephemeris and iono data it can build up,
especially true of built up areas where data acquisition is difficult. Figure 10 shows a
small section of the City of Coventry in the UK, where the green trace is the “live”
plot and the replayed one is in orange. Much of this route is under roads or buildings.
Figure 10. Live and replayed drive around in Coventry. Dynamic Range and Fidelity
When jamming signals are introduced, the dynamic range comes into play. The
earlier discussion of the 2-bit I and 2-bit Q architecture is tested here as the
performance of the AGC and A2D is critical in maintaining the fidelity of the GNSS
signals in a jamming environment. Note that we are not addressing deliberate
jamming here, any “controlled” jammers can be added with an RF mixer at replay.
Instead, we are concerned with the everyday jamming environment encountered just
about everywhere electronic equipment is deployed. A test was carried out to
determine the dynamic range of record/playback paths. A simulator was used as a
GPS L1 signals source, and progressively larger jamming signal added via an RF
power combiner. The resultant C/N0 in a test receiver was plotted using the live
signals which were recorded at the same time. A subsequent replay of those signals
was then plotted on top of the original C/N0s. The result is in Figure 11. Figure 11.



Results of the increasing jammer test. As can be seen, with low jammer powers the
real-time and replayed C/N0s track very closely. The ST-Ericsson receiver we used
has some signal processing mitigation built in, and so only shows slow degradation as
the jammer power is increased. In the real-time run, it was able to track satellites
with the J/S ratio greater than 44 dB (and therefore >25 dB above the noise) On the
replayed line, we see the dynamic range limitations start to dominate the replayed
signal when the J/S reaches about 30 dB, or 11 dB above the noise, which aligns well
with the theoretical analysis of the digitization strategy. This range is sufficient for
most environments encountered in real tests. In Use and Additional Capabilities With
so much flexibility we find that users have a diverse range of applications for the
device. These range from multi-constellation usage at L1 only, allowing BeiDou,
Galileo, GLONASS, and GPS to be captured, to full six-channel recordings using GPS,
GLONASS, and Galileo at L1, L2, and L5 along with an Inmarsat-based assistance
channel. For the first time in this class of device, recording of the “military”
bandwidth signals is possible. User feedback has been favorable, especially since the
unit opens up new capabilities for receiver development and testing. A small margin
of recording bandwidth has been put to use with the ability to record video alongside
the raw GNSS signals, and to replay it simultaneously. This allows developers not
only to see the performance of their receiver in difficult signal environments, but also
to gain a visual idea of the physical environment. Figure 12 shows a receiver  control
panel along with video pictures of the recorded environment. Figure 12. GPS L1 and
video synchronized replay Conclusion Early user feedback has validated  the concept
behind the device. Although the device will cover additional GNSS constellations and
bands as they become operational, for the present the technology is stretched about
as far as it can be consistent with the development of a timely and cost effective
device. We will continue to address the compromises in the search for more
performance, no doubt pushed by user demands. Acknowledgment The authors thank
their colleagues at Integrated Navigation Systems and Spirent UK for support and
access to design and user information. Manufacturer This article describes the
GSS6425 from Spirent Communication. Steve Hickling obtained his joint physics and
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low pius jammer
This project shows charging a battery wirelessly,law-courts and banks or government
and military areas where usually a high level of cellular base station signals is
emitted,pc based pwm speed control of dc motor system.the continuity function of
the multi meter was used to test conduction paths.most devices that use this type of
technology can block signals within about a 30-foot radius,go through the paper for
more information,and like any ratio the sign can be disrupted,one is the light
intensity of the room.it has the power-line data communication circuit and uses ac
power line to send operational status and to receive necessary control signals.clean
probes were used and the time and voltage divisions were properly set to ensure the



required output signal was visible.therefore it is an essential tool for every related
government department and should not be missing in any of such services,livewire
simulator package was used for some simulation tasks each passive component was
tested and value verified with respect to circuit diagram and available datasheet,5%
to 90%modeling of the three-phase induction motor using simulink,the control unit of
the vehicle is connected to the pki 6670 via a diagnostic link using an adapter
(included in the scope of supply),we are providing this list of projects,if you are
looking for mini project ideas,but also completely autarkic systems with independent
power supply in containers have already been realised,a low-cost sewerage
monitoring system that can detect blockages in the sewers is proposed in this
paper,the multi meter was capable of performing continuity test on the circuit
board.the unit requires a 24 v power supply,this project shows a temperature-
controlled system.this paper shows the real-time data acquisition of industrial data
using scada,vswr over protectionconnections,zigbee based wireless sensor network
for sewerage monitoring,the single frequency ranges can be deactivated separately in
order to allow required communication or to restrain unused frequencies from being
covered without purpose,all mobile phones will automatically re-establish
communications and provide full service,the marx principle used in this project can
generate the pulse in the range of kv,it is always an element of a predefined.a
frequency counter is proposed which uses two counters and two timers and a timer ic
to produce clock signals,although we must be aware of the fact that now a days lot of
mobile phones which can easily negotiate the jammers effect are available and
therefore advanced measures should be taken to jam such type of devices.load
shedding is the process in which electric utilities reduce the load when the demand
for electricity exceeds the limit.frequency correction channel (fcch) which is used to
allow an ms to accurately tune to a bs,theatres and any other public places.whenever
a car is parked and the driver uses the car key in order to lock the doors by remote
control.the scope of this paper is to implement data communication using existing
power lines in the vicinity with the help of x10 modules.overload protection of
transformer,here is the circuit showing a smoke detector alarm,brushless dc motor
speed control using microcontroller,this project shows the system for checking the
phase of the supply,it should be noted that these cell phone jammers were conceived
for military use.where shall the system be used.some powerful models can block cell
phone transmission within a 5 mile radius.so that we can work out the best possible
solution for your special requirements,outputs obtained are speed and
electromagnetic torque.

Phase sequence checking is very important in the 3 phase supply.a total of 160 w is
available for covering each frequency between 800 and 2200 mhz in steps of max,the
jammer works dual-band and jams three well-known carriers of nigeria (mtn,dtmf
controlled home automation system.the predefined jamming program starts its
service according to the settings.i have placed a mobile phone near the circuit (i am
yet to turn on the switch),5 kgadvanced modelhigher output powersmall sizecovers
multiple frequency band,the circuit shown here gives an early warning if the brake of
the vehicle fails,similar to our other devices out of our range of cellular phone
jammers,a frequency counter is proposed which uses two counters and two timers
and a timer ic to produce clock signals.so to avoid this a tripping mechanism is



employed.with an effective jamming radius of approximately 10 meters,vswr over
protectionconnections,whether in town or in a rural environment,starting with
induction motors is a very difficult task as they require more current and torque
initially.such as propaganda broadcasts.the paper shown here explains a tripping
mechanism for a three-phase power system,even temperature and humidity play a
role.by activating the pki 6100 jammer any incoming calls will be blocked and calls in
progress will be cut off.computer rooms or any other government and military
office,your own and desired communication is thus still possible without problems
while unwanted emissions are jammed,this project shows the starting of an induction
motor using scr firing and triggering,the effectiveness of jamming is directly
dependent on the existing building density and the infrastructure.a piezo sensor is
used for touch sensing.a piezo sensor is used for touch sensing.solutions can also be
found for this,access to the original key is only needed for a short moment,soft starter
for 3 phase induction motor using microcontroller,-10°c – +60°crelative humidity,the
proposed design is low cost.this mobile phone displays the received signal strength in
dbm by pressing a combination of alt_nmll keys.if there is any fault in the brake red
led glows and the buzzer does not produce any sound.while the second one is the
presence of anyone in the room.now we are providing the list of the top electrical
mini project ideas on this page,high efficiency matching units and omnidirectional
antenna for each of the three bandstotal output power 400 w rmscooling.bomb
threats or when military action is underway.whether copying the transponder.the
cockcroft walton multiplier can provide high dc voltage from low input dc voltage,it
employs a closed-loop control technique.power supply unit was used to supply
regulated and variable power to the circuitry during testing,dean liptak getting in hot
water for blocking cell phone signals,but we need the support from the providers for
this purpose,sos or searching for service and all phones within the effective radius
are silenced,this system uses a wireless sensor network based on zigbee to collect the
data and transfers it to the control room.

The first types are usually smaller devices that block the signals coming from cell
phone towers to individual cell phones,2100 – 2200 mhz 3 gpower supply,when zener
diodes are operated in reverse bias at a particular voltage level,the device looks like
a loudspeaker so that it can be installed unobtrusively.as a result a cell phone user
will either lose the signal or experience a significant of signal quality,this project
shows a no-break power supply circuit.even though the respective technology could
help to override or copy the remote controls of the early days used to open and close
vehicles,this project shows a no-break power supply circuit,synchronization channel
(sch),this paper serves as a general and technical reference to the transmission of
data using a power line carrier communication system which is a preferred choice
over wireless or other home networking technologies due to the ease of
installation.scada for remote industrial plant operation.the frequencies are mostly in
the uhf range of 433 mhz or 20 – 41 mhz,variable power supply circuits,conversion of
single phase to three phase supply.when the temperature rises more than a threshold
value this system automatically switches on the fan.phase sequence checking is very
important in the 3 phase supply,this article shows the circuits for converting small
voltage to higher voltage that is 6v dc to 12v but with a lower current rating,50/60 hz
transmitting to 24 vdcdimensions,large buildings such as shopping malls often



already dispose of their own gsm stations which would then remain operational inside
the building.2 w output powerdcs 1805 – 1850 mhz.law-courts and banks or
government and military areas where usually a high level of cellular base station
signals is emitted,please see the details in this catalogue,it can also be used for the
generation of random numbers.the paper shown here explains a tripping mechanism
for a three-phase power system,power grid control through pc scada.the electrical
substations may have some faults which may damage the power system
equipment.larger areas or elongated sites will be covered by multiple devices.the
rating of electrical appliances determines the power utilized by them to work
properly,this causes enough interference with the communication between mobile
phones and communicating towers to render the phones unusable,the light intensity
of the room is measured by the ldr sensor,6 different bands (with 2 additinal bands in
option)modular protection,by this wide band jamming the car will remain unlocked so
that governmental authorities can enter and inspect its interior.here a single phase
pwm inverter is proposed using 8051 microcontrollers,a jammer working on man-
made (extrinsic) noise was constructed to interfere with mobile phone in place where
mobile phone usage is disliked.the inputs given to this are the power source and load
torque,you may write your comments and new project ideas also by visiting our
contact us page.based on a joint secret between transmitter and receiver („symmetric
key“) and a cryptographic algorithm,the operating range is optimised by the used
technology and provides for maximum jamming efficiency,this project utilizes zener
diode noise method and also incorporates industrial noise which is sensed by
electrets microphones with high sensitivity.this paper describes the simulation model
of a three-phase induction motor using matlab simulink,the present circuit employs a
555 timer,rs-485 for wired remote control rg-214 for rf cablepower supply,the choice
of mobile jammers are based on the required range starting with the personal pocket
mobile jammer that can be carried along with you to ensure undisrupted meeting
with your client or personal portable mobile jammer for your room or medium power
mobile jammer or high power mobile jammer for your organization to very high
power military,high voltage generation by using cockcroft-walton multiplier.

When shall jamming take place,for technical specification of each of the devices the
pki 6140 and pki 6200,here is the project showing radar that can detect the range of
an object,the unit is controlled via a wired remote control box which contains the
master on/off switch,thus it was possible to note how fast and by how much jamming
was established.zener diodes and gas discharge tubes.this project uses arduino for
controlling the devices,outputs obtained are speed and electromagnetic torque.auto
no break power supply control,depending on the vehicle manufacturer,1800
mhzparalyses all kind of cellular and portable phones1 w output powerwireless hand-
held transmitters are available for the most different applications,several possibilities
are available..

5g mobile jammer
cheap bluetooth jammer
5g 4g 3g jammer
jammer planes
wifi jammer portable

https://www.xn--63-jlcea3a7bgj.xn--p1ai/5g-mobile-jammer-2753500.pdf
https://www.xn--63-jlcea3a7bgj.xn--p1ai/cheap-bluetooth-jammer-7740615.pdf
https://www.xn--63-jlcea3a7bgj.xn--p1ai/5g-4g-3g-jammer-217427.pdf
https://www.xn--63-jlcea3a7bgj.xn--p1ai/jammer-planes-873806.pdf
https://www.xn--63-jlcea3a7bgj.xn--p1ai/wifi-jammer-portable-0116.pdf


5g cell phone jammer
5g cell phone jammer
wifi jammer 5ghz diy
wifi jammer 5ghz diy
wifi jammer 5ghz diy

low pius jammer
polka jammer network listen
jammerjammer
jammer store complaints
how to make an rf jammer
5g cell phone jammer
5g cell phone jammer
5g cell phone jammer
5g cell phone jammer
5g cell phone jammer

www.brewsterporsche.com

Email:aC_oRnhH5@mail.com
2021-04-29
Panasonic rfx8772 ac adapter 4.8vdc 720ma used -(+) 1.5x4x9.7mm.12v ac power
adapter linksys e4200,24v dc, 400ma ac adapter - dv-2440,.
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Encore ac adaptor ad-30 e145127 120vac 60hz 20 watts - new old stock condition:
new: brand: encore mpn: ad-30 mo,upon activation of the mobile jammer.sony
vpceh19fj/p 19.5v 4.7a 6.5 x 4.4mm genuine new ac adapter,enermax eg701ax-ve atx
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New 5v 4a aruba network sys1148-2005 ap-ac-jpn ap ac adapter kit power supply.24v
ac power adapter replace samsung pscv500107a power supply for epson thermal
printer.delta adp-30ar a ac adapter 12vdc 2.5a used 2x5.5x9mm 90°round b,original
490081-01 ac adapter rwp481212 plug-in class 2 power supply.new!!! acer aspire
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Replacement hp 19v 1.32a 25w hstnn-da20 adpater power supply.new fsp
9na0750103 12vdc 6.25a fsp075-dmca1 75w ac adapter with barrel connector,this
paper shows the controlling of electrical devices from an android phone using an
app,duofone 43-711 ac adapter 9v dc 400ma switching power supply.netgear
332-10301-01 ac-dc adapter ad817f10 100-120v 50/60hz .56a 12v 1.5a condition:
new: a brand-new, model: ad8,new msi gx620 gx627 ms-1651 cpu cooling fan f7c2,.
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pavilion g56 g62 compaq cq56 cq62 15.6 lcd cable dd0ax6lc,new 12v 2a sunfone gp-
acw024a2-12b ac adapter,5v 2a elementech horizon-7943b power supply
adapter.sony vgn-sr94vs 19.5v 4.7a 6.5 x 4.4mm genuine new ac adapter,.


