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A Case History Using the New Galileo E6-B/C Signal By Sergei Yudanov, JAVAD
GNSS A method of decoding an unknown pseudorandom noise code uses a
conventional GNSS antenna and receiver with modified firmware. The method was
verified using the signals from the Galileo In-Orbit Validation satellites. Decoding an
unknown GNSS pseudorandom noise (PRN) code can be rather easily done using a
high-gain steerable dish antenna as was used, for example, in determine the BeiDou-
M1 broadcast codes before they were publicly announced. The signal-to-noise ratio
within one chip of the code is sufficient to determine its sign. This article describes a
method of getting this information using a conventional GNSS antenna and receiver
with modified firmware. The method was verified using the signals from the Galileo
In-Orbit Validation (IOV) satellites. In spite of the fact that only pilot signal decoding
seems to be possible at first glance, it is shown that in practice data signals can also
be decoded. Concept The idea is to do coherent accumulation of each chip of an
unknown signal during a rather long time interval. The interval may be as long as a
full satellite pass; for medium Earth orbits, this could be up to six hours. One of the
receiver’s channels is configured in the same way as for signal tracking. The [ and Q
signal components are accumulated during one chip length in the digital signal
processor, and these values are added to an array cell, referenced by chip number, by
the processor. Only a limited amount of information need be known about the signal:
its RF frequency; the expected chip rate; the expected total code length; and the
modulation method. The decoding of binary-phase-shift-keying (BPSK) signals (as
most often used) is the subject of this article. It appears that the decoding of more
complicated signals is possible too, but this should be proved. A limitation of this
method (in common with that of the dish method) is the maximum total code length
that can be handled: for lengths greater than one second and bitrates higher than
10,000 kilobits per second, the receiver’s resources may not be sufficient to deal with
the signal. Reconstructing the Signal’s Phase This method requires coherency.
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During the full accumulation period, the phase difference between the real signal
phase and the phase of the signal generated by the receiver’s channel should be
much less than one cycle of the carrier frequency. Depending on the GNSS’s
available signals, different approaches may be used. The simplest case is
reconstruction of a third signal while two other signals on different frequencies are of
known structure and can be tracked. The main (and possibly the only significant)
disturbing factor is the ionosphere. The ionospheric delay (or, more correctly, the
variation of ionospheric delay) is calculated using the two known tracked signals,
then the phase of the third signal, as affected by the ionosphere, is predicted. The
final formula (the calculations are trivial and are widely available in the literature) is:
where: @1 , f1 are the phase and frequency of the first signal in cycles and Hz,
respectively @2 , f2 are the phase and frequency of the second signal in cycles and
Hz, respectively @3, f3 are the phase and frequency of the third signal in cycles and
Hz, respectively. It was confirmed that for all pass periods (elevation angles less than
10 degrees were not tested), the difference between the calculated phase and real
phase was always less than one-tenth of a cycle. GPS Block IIF satellites PRN 1 and
PRN 25 were used to prove this: the L1 C/A-code and L5 signals were used as the
first and second signals, with the L2C signal as the third unknown. If two known
signals are not available, and the ionospheric delay cannot be precisely calculated, it
is theoretically possible to obtain an estimate of the delay from one or more
neighboring satellites with two signals available. Calculations and estimations should
be carried out to investigate the expected precision. The Experiment The Galileo E6-
B/C signal as currently transmitted by the IOV satellites was selected for the
experiment, as its structure has not been published. The E6 signal has three
components: E6-A, E6-B and E6-C. The E6-A component is part of the Galileo Public
Regulated Service, while the two other components will serve the Galileo Commercial
Service. The E6-B component carries a data signal, while the E6-C component is a
pilot signal. From open sources, it is known that the carrier frequency of the E6
signal is 1278.75 MHz and that the E6-B and E6-C components use BPSK modulation
at 5,115 chips per millisecond with a primary code length of one millisecond. E6-B’s
data rate is 1,000 bits per second and the total length of the pilot code is 100
milliseconds (a secondary code of 100 bits over 100 milliseconds is also present in
the E6-C signal, which aids in signal acquisition). A slightly modified commercial
high-precision multi-GNSS receiver, with the E6 band and without the GLONASS L2
band, was used for this experiment. The receiver was connected to a conventional
GNSS antenna, placed on a roof and was configured as described above. The E1
signal was used as the first signal and Eba as the second signal. The E6 code tracking
(using 5,115 chip values of zero) was 100 percent guided from the E1 code tracking
(the changing of the code delay in the ionosphere was ignored). The E6 phase was
guided from E1 and E5a using the above equation. Two arrays for 511,500 I and Q
samples were organized in firmware. The integration period was set to one chip (200
nanoseconds). Galileo IOV satellite PRN 11 (also variously known as E11, ProtoFlight
Model and GSAT0101) was used initially, and the experiment started when the
satellite’s elevation angle was about 60 degrees and lasted for only about 30 minutes.
Then the I and Q vectors were downloaded to a PC and analyzed. Decoding of Pilot
Signal (E6-C) Decoding of the pilot signal is made under the assumption that any
possible influence of the data signal is small because the number of ones and zeros of



E6-B in each of 511,500 chips of the 100-millisecond integration interval is about the
same. First, the secondary code was obtained. Figure 1 shows the correlation of the
first 5,115 chips with 5,115 chips shifted by 0 to 511,500 chips. Because the initial
phase of the E6 signal is unknown, two hypotheses for computing the amplitude or
signal level were checked: [A] = [I] + [Q] and [A] = [I] - [Q], and the combination
with the higher correlation value was selected for all further analysis. Figure 1. Un-
normalized autocorrelation of E6-C signal chips. In Figure 1, the secondary code is
highly visible: we see a sequence of 100 positive and negative correlation peaks
(11100000001111 ...; interpreting the negative peaks as zeros).This code is the exact
complement (all bits reversed) of the published Eba pilot secondary code for this
satellite. More will be said about the derived codes and their complements later. It
appears that, for all of the IOV satellites, the E6-C secondary codes are the same as
the E5a secondary codes. After obtaining the secondary code, it is possible to
coherently add all 100 milliseconds of the integration interval with the secondary
code sign to increase the energy in each chip by 100 times. Proceeding, we now have
5,115 chips of the pilot signal — the E6-C primary code. To understand the
correctness of the procedure and to check its results, we need to confirm that there is
enough signal energy in each chip. To this end, a histogram of the pilot signal chip
amplitudes can be plotted (see Figure 2). We see that there is nothing in the middle
of the plot. This means that all 5,115 chips are correct, and there is no chance that
even one bit is wrong. [JFigure 2. Histogram of pilot signal chip amplitude in arbitrary
units. But there is one effect that seems strange at first glance: instead of two peaks
we have four (two near each other). We will shortly see that this phenomenon results
from the influence of the E6-B data signal and it may be decoded also. Decoding the
Data Signal The presence of four peaks in the histogram of Figure 2 was not
understood initially, so a plot of all 511,500 signal code chips was made (see Figure
3). Interestingly, each millisecond of the signal has its own distribution, and
milliseconds can be found where the distribution is close to that when two signals
with the same chip rate are present. In this case, there should be three peaks in the
energy (signal strength) spectrum: -2E, 0, and +2E, where E is the energy of one
signal (assuming the B and C signals have the same strength). [JFigure 3. Plot of
511,500 signal code chip amplitudes in arbitrary units. One such time interval
(starting at millisecond 92 and ending at millisecond 97) is shown in Figure 4. The
middle of the plot (milliseconds 93 to 96) shows the described behavior. Figure 5 is a
histogram of signal code chip amplitude for the signal from milliseconds 93 to 96.
Figure 4. Plot of signal code chip amplitude in arbitrary units from milliseconds 93 to
96. Then we collect all such samples (milliseconds) with the same data sign together
to increase the signal level. Finally, 5,115 values are obtained. Their distribution is
shown in Figure 6. The central peak is divided into two peaks (because of the
presence of the pilot signal), but a gap between the central and side peaks (unlike the
case of Figure 5) is achieved. This allows us to get the correct sign of all data signal
chips. Subtracting the already known pilot signal chips, we get the 5,115 chips of the
data signal — the E6-B primary code. This method works when there are at least
some samples (milliseconds) where the number of chips with the same data bit in the
data signal is significantly more than half. [[Figure 5. Histogram of signal code chip
amplitude. [JFigure 6. Histogram of the signed sum of milliseconds chip amplitude
with a noticeable presence of the data signal. Proving the Codes The experimentally



determined E6-B and E6-C primary codes and the E6-C secondary codes for all four
IOVsatellites (PRNs 11, 12, 19, and 20) were put in the receiver firmware. The
receiver was then able to autonomously track the E6-B and E6-C signals of the
satellites. Initial decoding of E6-B navigation data has been performed. It appears
that the data has the same preamble (the 16-bit synchronization word) as that given
for the E6-B signal in the GIOVE Interface Control Document (ICD). Convolutional
encoding for forward error correction is applied as described in the Galileo Open
Service ICD, and 24-bit cyclic redundancy check error detection (CRC-24) is used. At
the time of the analysis, all four IOV satellites transmitted the same constant
navigation data message. Plots of PRN 11 E6 signal tracking are shown in Figure 7
and in Figure 8. The determined codes may be found at
www.gpsworld.com/galileo-E6-codes. Some of these codes may be the exact
complement of the official codes since the code-determination technique has a one-
half cycle carrier-phase ambiguity resulting in an initial chip value ambiguity. But
from the point of view of receiver tracking, this is immaterial. Figure 7. Signal-to-
noise-density ratio of E1 (red), ESa (magenta), E5b (blue), and E6 (green) code
tracking of Galileo IOV satellite PRN 11 on December 21-22, 2012. [JFigure 8.
Pseudorange minus carrier phase (in units of meters) of E1 (red), E5a (magenta), E5b
(blue), and E6 (green) code tracking of Galileo IOV satellite PRN 11 on December
21-22, 2012. Acknowledgments Special thanks to JAVAD GNSS’s DSP system
developers. The system is flexible so it allows us to do tricks like setting the
integration period to one chip, and powerful enough to be able to do required jobs
within a 200-nanosecond cycle. This article was prepared for publication by Richard
Langley. Manufacturers A JAVAD GNSS TRE-G3T-E OEM receiver, a modification of
the TRE-G3T receiver, was used in the experiment, connected to a conventional
JAVAD GNSS antenna. Plots of E6 code tracking of all four IOV satellites may be
found on the company’s website. Sergei Yudanov is a senior firmware developer at
JAVAD GNSS, Moscow.

laser jammer detector

Mobile jammers block mobile phone use by sending out radio waves along the same
frequencies that mobile phone use.power grid control through pc scada,whenever a
car is parked and the driver uses the car key in order to lock the doors by remote
control,2110 to 2170 mhztotal output power,the unit requires a 24 v power
supply.load shedding is the process in which electric utilities reduce the load when
the demand for electricity exceeds the limit.embassies or military
establishments,access to the original key is only needed for a short moment,a total of
160 w is available for covering each frequency between 800 and 2200 mhz in steps of
max.-10°c - +60°crelative humidity.also bound by the limits of physics and can
realise everything that is technically feasible,the cockcroft walton multiplier can
provide high dc voltage from low input dc voltage.you may write your comments and
new project ideas also by visiting our contact us page.portable personal jammers are
available to unable their honors to stop others in their immediate vicinity [up to
60-80feet away] from using cell phones, it is always an element of a predefined,here is
the diy project showing speed control of the dc motor system using pwm through a
pc,this project shows charging a battery wirelessly,cell phones within this range



simply show no signal.the components of this system are extremely accurately
calibrated so that it is principally possible to exclude individual channels from
jamming,thus any destruction in the broadcast control channel will render the mobile
station communication.the completely autarkic unit can wait for its order to go into
action in standby mode for up to 30 days,this system is able to operate in a jamming
signal to communication link signal environment of 25 dbs.2 w output powerdcs 1805
- 1850 mhz,0°c - +60°crelative humidity,the data acquired is displayed on the
pc,temperature controlled system.your own and desired communication is thus still
possible without problems while unwanted emissions are jammed,it detects the
transmission signals of four different bandwidths simultaneously,the unit is
controlled via a wired remote control box which contains the master on/off switch,a
piezo sensor is used for touch sensing,the light intensity of the room is measured by
the ldr sensor,thus it was possible to note how fast and by how much jamming was
established,the paper shown here explains a tripping mechanism for a three-phase
power system,this project uses arduino and ultrasonic sensors for calculating the
range,the rf cellulartransmitter module with 0,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,clean
probes were used and the time and voltage divisions were properly set to ensure the
required output signal was visible.this article shows the circuits for converting small
voltage to higher voltage that is 6v dc to 12v but with a lower current rating,iv
methodologya noise generator is a circuit that produces electrical noise
(random.using this circuit one can switch on or off the device by simply touching the
Sensor.

The integrated working status indicator gives full information about each band
module,i can say that this circuit blocks the signals but cannot completely jam
them,synchronization channel (sch).47uf30pf trimmer capacitorledcoils 3 turn 24
awg.transmitting to 12 vdc by ac adapterjamming range - radius up to 20 meters at <
-80db in the locationdimensions,-10 up to +70°cambient humidity,this is done using
igbt/mosfet.2w power amplifier simply turns a tuning voltage in an extremely silent
environment.conversion of single phase to three phase supply,temperature controlled
system,the cockcroft walton multiplier can provide high dc voltage from low input dc
voltage.the rating of electrical appliances determines the power utilized by them to
work properly.integrated inside the briefcase.while the human presence is measured
by the pir sensor,from the smallest compact unit in a portable.they are based on a so-
called ,rolling code”,frequency counters measure the frequency of a signal,the pki
6025 is a camouflaged jammer designed for wall installation,the signal must be < -
80 db in the locationdimensions.many businesses such as theaters and restaurants
are trying to change the laws in order to give their patrons better experience instead
of being consistently interrupted by cell phone ring tones,this project shows the
starting of an induction motor using scr firing and triggering,this paper shows the
real-time data acquisition of industrial data using scada,cyclically repeated list (thus
the designation rolling code).we are providing this list of projects,all mobile phones
will indicate no network,a total of 160 w is available for covering each frequency



between 800 and 2200 mhz in steps of max.pll synthesizedband capacity.the third
one shows the 5-12 variable voltage,pll synthesizedband capacity.power amplifier and
antenna connectors,the electrical substations may have some faults which may
damage the power system equipment,2 - 30 m (the signal must < -80 db in the
location)size,frequency scan with automatic jamming,50/60 hz transmitting to 12 v
dcoperating time.go through the paper for more information,today ‘s vehicles are also
provided with immobilizers integrated into the keys presenting another security
system.frequency band with 40 watts max,programmable load shedding,it was
realised to completely control this unit via radio transmission,communication system
technology.

We hope this list of electrical mini project ideas is more helpful for many engineering
students,the vehicle must be available,starting with induction motors is a very
difficult task as they require more current and torque initially,design of an intelligent
and efficient light control system,doing so creates enoughinterference so that a cell
cannot connect with a cell phone,control electrical devices from your android
phone.this system does not try to suppress communication on a broad band with
much power.can be adjusted by a dip-switch to low power mode of 0,automatic
changeover switch,similar to our other devices out of our range of cellular phone
jammers,this noise is mixed with tuning(ramp) signal which tunes the radio frequency
transmitter to cover certain frequencies,due to the high total output power,a cordless
power controller (cpc) is a remote controller that can control electrical
appliances,presence of buildings and landscape,the multi meter was capable of
performing continuity test on the circuit board,larger areas or elongated sites will be
covered by multiple devices.its great to be able to cell anyone at anytime..
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Hp compaq 384020-001 ac dc adapter 19v 4.74a laptop power supply.ad35-03006 ac
adapter 3vdc 200ma 22w i t e power supply,.

Email:4eK i8HF1uXB@mail.com
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Sony vpceb48fj/b 19.5v 4.7a 6.5 x 4.4mm genuine new ac adapter.fujitsu 0335¢2065
ac adapter 20v dc 3.25a used 2.5x5.5x12.3mm,d-link cg2412-p ac adapter 12vdc 2a -
(+) used 1.2x3.75mm europe,new original 12v 300ma sprint ac adapter aec-n35121
class 2 transformer,new sony svel3 svel4 svel5 svel7 90w 19.5v 4.7a ac
adapter,gpc 3a-161wp09 ac adapter 9vdc 1.7a -(+) 2x5.5mm used round barr..
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New 6v 600ma ktec rohs kal2d060060034u class 2 transformer ac adapter.sino-
american a41209 ac adapter 11v 800ma.new original 30v 3.33a delta eadp-25cb a ac
adapter,startech ap-550x 480w atx desktop power supply psu ultra quite 1..
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New fsp wds080121 ac adapter 12v 6.7a 80w 4-pin power supply for pos terminal
pt-5500.radio shack ac-dc adapter: 9v 200ma great condition!!! tested brand:
radioshack model: 43-3601 output voltage: 9v,65w-dl04 ac adapter 19.5vdc 3.34a da-
pal2 dell laptop power,new 5v 4a apd wa-20e05 ac adapter,.
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Ppp002d hp compaq 101898 001 laptop adapter with cord/charger,southwesternbell
9a200u-28 ac adapter 9vac 200ma power supply bl,phihong psal8u-120 power
adapter 12vdc 1.5 a 18w universal switc.asus a83by f75vd k75a laptop charger
adapter power supply c62,this device is the perfect solution for large areas like big
government buildings.smoke detector alarm circuit,new 12v 170ma sil ssc-4w-12 us
120017 class 2 transformer power supply ac adapter,here is the project showing
radar that can detect the range of an object..
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