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Permanent Link to Sensing Location: Software Receiver Estimates Signal States
During Outages

2021/03/27

By Hans-Georg Busing, Ulrich Haak, and Peter Hecker Future safety-relevant driver
assistant systems demand vehicle state estimations accurate enough to match the
position within a road lane, which cannot be provided by standalone GPS. A
promising approach to meet the requirements is the fusion of standalone or
differential GNSS measurements with vehicle sensor data like odometers or
accelerometers. To achieve deeper sensor integration, a software GNSS receiver was
developed at the Institute of Flight Guidance (IFF) that is able to use dead reckoning
sensors to support its signal acquisition. This article presents an approach to
estimate the signal states during outages based on the tightly coupled vehicle state,
which reduces the reacquisition time and significantly increases the signal
availability. GNSS-based navigation is a key enabler for future advanced driver
assistance systems (ADAS). Car manufacturers have identified automotive assistance
systems as core devices to propose their uniqueness mainly in the luxury and upper-
class market segments. While the precision and availability of loosely coupled single-
frequency GPS navigation satisfies the requirements of typical route guidance
systems, future automotive systems — especially those that enhance driving safety —
are more demanding on positioning system performance. The Institute of Flight
Guidance (IFF) of the Technische Universitat, Braunschweig, Germany, is involved in
two research projects evaluating the performance of unaided traditional GNSS
receivers coupled with vehicle sensor measurements such as odometers in a tightly
coupled architecture. Besides these involvements, the IFF has developed a general-
purpose software-based GNSS receiver allowing full access to signal processing
routines. The benefits of the tight sensor fusion are reliable state estimations even
during total signal outages that are common in the automotive sector due to tunnels,
parking decks, or urban canyons. In this architecture, the GNSS receiver works
autonomously to deliver raw GNSS-measurements only. Additional knowledge
provided by the vehicle sensors cannot be used to support the receiver in any way.
Besides other beneficial aspects in the tracking channels, additional external
knowledge about the vehicle state has the potential to reduce acquisition times and
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improve the measurement availability significantly. The Institute of Flight Guidance
uses a software environment called “Automotive Data and Time-Triggered
Framework” (ADTF) for research in the field of ADAS and automotive navigation. In
this software framework, the overall system architecture is assembled with
independent modules. These modules are implemented as libraries and loaded into
ADTF. Data is exchanged via pins that are defined as public variables. The framework
also attaches timestamps to the individual measurements and adds a data recording
and playback functionality. From a general-purpose software GNSS receiver,
presented at the ION GNSS 2010, we have derived an automotive-specific ADTF
software receiver module. The software framework adds the flexibility to
synchronously process measurements from vehicle sensors additionally to the IF data
from the front end. This gives us the opportunity to aid signal processing in the
software GNSS receiver with additional external sensors. For positioning, a tightly
coupled positioning filter based on GPS raw data measurements and the rear-wheel
odometers is implemented. The vehicle’s motion is modeled using a kinematic
relationship between the vehicle sensors and the GNSS measurements. Based on the
tightly coupled vehicle state estimation, an acquisition state is processed during
signal outages that enables the software GNSS receiver to reacquire the satellite
signal instantaneously with high precision. In this article, the constituent parts of the
system are presented and the estimation of the acquisition state derived. The system
was tested in an urban scenario, and the state estimations validated with the
recorded measurements. System Architecture The software-defined GNSS receiver
developed by the IFF was designed to process the computationally expensive signal
correlation on an Nvidia graphics board using the vast parallel processing capability
of graphics processing units (GPUs). With the use of common graphics boards, an
entire receiver can be implemented on an ordinary PC, needing only a front-end to
receive digital GNSS signals in an intermediate frequency (IF) band. For research in
the field of vehicle state estimation, a derivate of the software receiver of the
Institute of Flight Guidance has been implemented in the “Automotive Data and Time-
Triggered Framework” (ADTF). The software is commonly used in the automotive
industry for the development of ADAS. Figure 1 shows a typical system layout in
ADTF. A central component of the framework is the ability to record and play back
measurement data, which is indicated by the buttons on the left of the screenshot.
Figure 1. System Architecture in ADTF. (Click to enlarge.) Within ADTF, the systems
are assembled from modules that are shown as blocks within the graphical
configuration editor. Standard modules such as the connection of common hardware
are provided with the framework. Custom modules can be implemented in C++ by
the user. Every module is implemented as a dynamic library (DLL) and interpreted by
the framework. Modules can be featured with input and output pins. These pins are
implemented by using specific data types from the framework. The communication
and data exchange between the modules is handled via these pins. They can be
connected by graphically drawing connector lines in the configuration editor. ADTF
provides the user with classes for timing and threading. Processes can thereby be
linked to the ADTF system time, which is especially important as the data replay can
be slowed down or sped up for debugging. The instantaneous reacquisition algorithm
is based on a traditional approach of tightly coupling GNSS raw data with vehicle
sensor measurements. The fusion is based on a kinematic model following the



Ackermann geometry establishing the relationship between the vehicle’s motion and
the respective measurements. At each time step of an arriving measurement, the
vehicle’s motion is predicted based on the last estimated state with an extended
Kalman filter. The prediction is then corrected using either measurements from the
vehicle sensors or GNSS raw measurements. The range and Doppler measurements
are calculated in the tracking channels of the ADTF software GNSS receiver. The
corrected vehicle state is then fed back into the kinematic model for the next update
cycle. In case the GNSS signal is lost in a tracking channel, a virtual tracking channel
is initialized with the last calculated channel states. The change in the channel output
is then predicted utilizing the change in the vehicle state and the current evaluation
of the ephemeris. The schematic implementation of the channel state prediction is
shown in Figure 2. Figure 2. Schematic of Channel State Prediction. (Click to
enlarge.) Signal State Estimation Using the tightly coupled architecture presented
above, an estimated position and velocity can even be provided during total signal
outages. Assuming that the last valid observation of a satellite signal is stored
together with its respective time to and position, an estimation of the signal state
(that is, Doppler frequency, code- and carrier-phase) based on the estimation of the
vehicle state during the signal outage at time t1 can be used for an instantaneous
signal reacquisition. Using the ephemeris data provided by the respective GPS
satellite the range between a user position xu and the satellite xsv can be calculated
using the following terms [] (1) and (2) with |...| indicating the Euclidian distance.
Therefore the change of the range can be obtained with equations (1) and (2): [J(3)
Assuming an unbiased Gaussian error distribution of the measurements, the tightly
coupled system provides an estimation of the covariance matrix of the vehicle state.
Using only the submatrix [](4) related to the vehicle position, the covariance of the
user position along the line-of-sight to the satellite can be obtained with the
Euclidean norm of the line-of-sight vector [J(5) and the law of error propagation: [J(6)
Furthermore, using the law of error propagation, it can be shown that the variance of
the change of range estimation in equation (3) is obtained by: (7) With the last valid
range measurement related to time to, the signal state at time t1 can be obtained for
the pseudo-range PSR[] (8) and the carrier phase ®: [] (9) The resulting variance
of these estimations can by expressed by [] (10) and [] (11) respectively. The
estimate of the Doppler and the related variance can be obtained analogous.
Considering the variances of the estimation, it can be decided if the signal can be
reacquired instantaneously or if the receiver has to find the signal using standard
acquisition routines in a limited search space. Experimental Validation The
Volkswagen Passat station wagon operated by the Institute of Flight Guidance was
used to evaluate the performance of the proposed algorithm (see PHOTO.) The test
vehicle is customized from the standard by adding an additional generator to meet
the power requirements of the measurement and processing hardware. In addition,
the Controller Area Network (CAN) is mirrored and open to access the data collected
by the sensors of the vehicle. The relevant sensors include a longitudinal
accelerometer, a gyro for measuring the yaw rate as well as the odometers of all four
wheels. The test vehicle is equipped with a GNSS front-end developed by the
Fraunhofer Institute for Integrated Circuits. It is capable of streaming L1, L2, and L5
RF samples via two USB ports. The sampling rate of L1 is 40.96 MHz at an
intermediate frequency of 12.82 MHz. Test Vehicle. A customized Volkswagen Passat



was used to evaluate performance of the algorithm. The vehicle sensor data is
streamed via CAN to an automotive PC from Spectra. It is equipped with an Intel
quadcore CPU, 8 GB RAM, a Vector PCI CAN device and 256 GB SATA solid state
disk allowing up to 195 MB/s writing speed. Additionally, it has been equipped with
an Nvidia GeForce GT 440 graphics board that is used for processing the GNSS RF
data. This specific graphics board was chosen because it offers a comparably high
performance of the GPU at relatively low power consumption. Both GNSS RF data
and data from the vehicle sensor network are streamed to an ADTF hard disk
recorder. Due to the setup of the data acquisition, several challenges have to be
solved. The first challenge is that the front-end needs to be used as hardware-in-the-
loop. It is by itself not equipped with an automated gain control. Therefore, it is not
possible to just stream the RF data but it has to be decoded, processed for adjusting
the gain, and then stored to the hard drive. Secondly, the recording setup needs to
cover high data rates. The GNSS front-end streams approximately 20 MB/s. As the
data needs to be decoded and processed for gain control, the expanded data rate for
recording is ~40 MB/s. In total including vehicle sensor measurements, >2000 data
packets per second are streamed to the recorder. Because this could not be done
using mechanical hard drives, we used solid state disks that also allow data storage
during times of high vibration. Related to the before-mentioned challenges, an
efficient thread management needed to be implemented. The software framework’s
threading classes are utilized to parallelize the receiver processes. Additionally, it has
arisen that a significant part of the processing time is taken by the data transfer to
the memory of the GPU. In order to prove the advantages of an odometer-aided
reacquisition, an applicable testing scenario was chosen. To distinguish an odometer-
based aquisition approach from a model-based approach, a trajectory was chosen
that features a right turn of 90 degrees immediately after cutting off the GNSS
signal. A model-based kinematic prediction would project the trajectory in the
direction of the latest known heading derived by the GNSS solution. Only a sensor-
based state estimation is able to resolve the right turn. The driven trajectory is shown
in Figure 3. The GNSS signal has been cut off for approximately 10 seconds, which is
equivalent of a 75-meter drive on dead reckoning sensors only after the right turn.
Figure 3. Trajectory of test drive includes a 90-degree turn. (Click to enlarge.)
Results The following plots in Figure 4 show the performance of the virtual tracking
channels. The plots in the upper row show the pseudorange output over time. For
vividness they have been corrected for the motion of the respective satellite that is
dominant due to their high speeds. Over a short period of time the satellites’ motion
relative to the receiver can be linearly approximated. The pseudorange
measurements over time were fit using a linear regression. The respective value of
the linear regression was then subtracted from the pseudorange and plot over time
as shown in the figures in the second row, leaving only the approximated influence of
the vehicle’s motion. Figure 4. Modified pseudorange and Doppler results of the
virtual tracking channels. (Click to enlarge.) The Doppler measurements have been
similarly compensated by just subtracting the minimum measurement. These
modifications of the pseudorange and Doppler measurements allow a direct
comparison of each other as the Doppler can be understood as the first derivate of
the pseudorange over time. The results of PRN 6 show that the Doppler estimate
during the GPS outage smoothly fits into the surrounding measurements without any



major outliers. The plot of the pseudorange shows a similar behavior. The
pseudorange could have potentially been modeled using a dynamic prediction that is
not based on vehicle sensors due to the limited dynamics on the pseudorange
measurements. The Doppler plot of PRN 16 shows a strong change in the relative
velocity between satellite and receiver. If a further projection of the Doppler using a
linear dynamic model would have been used instead of predicting with vehicle
sensors, it would likely have misled the reacquisition by ~ 50 Hz. The trend in the
pseudorange measurements is comparable to PRN 6 at a higher rate of change. The
plots of PRN 21 probably show the advantages of using vehicle sensors for
reacquisition best as the dynamics on pseudorange and Doppler are the most
significant in the group. Both pseudorange and Doppler show a turning point during
the GNSS outage. Especially, the pseudorange would have been mismodeled using a
kinematic predicion that is not relying on additional sensors. Conclusion In this
article, a tightly coupled positioning system implemented in the automotive-specific
framework ADTF was presented that is based on the fusion of standard automotive
sensor data and software receiver measurements. We showed that, using the tightly
coupled solution, an acquisition state during signal outages can be estimated that
allows the tracking channels to reacquire the signal instantaneously without the need
of computationally expensive acquisition routines. Under the assumption of a tightly
coupled RTK position and small outage times, a reacquisition of the carrier phase
without loosing the information about the phase ambiguity seems possible. In the
next version of the automotive GNSS receiver, the authors are planning to integrate
the vehicle sensors to aid the tracking loops, which is likely to further improve
tracking continuity especially in scenarios with high vegetation. Additionally, we plan
to show that the implementation is capable of working in real time. Improvements of
the initialization of the virtual tracking loops are also intended. Acknowledgments
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gps,xmradio,4g jammer headphones replacement

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.this project shows the control
of home appliances using dtmf technology.wireless mobile battery charger circuit.all
the tx frequencies are covered by down link only,computer rooms or any other
government and military office,this system does not try to suppress communication
on a broad band with much power,disrupting a cell phone is the same as jamming any
type of radio communication,the paralysis radius varies between 2 meters minimum
to 30 meters in case of weak base station signals.cell phone jammers have both
benign and malicious uses.2 - 30 m (the signal must < -80 db in the location)size,that
is it continuously supplies power to the load through different sources like mains or
inverter or generator,this project shows the control of appliances connected to the
power grid using a pc remotely.230 vusb connectiondimensions.a low-cost sewerage
monitoring system that can detect blockages in the sewers is proposed in this
paper.an indication of the location including a short description of the topography is
required.starting with induction motors is a very difficult task as they require more
current and torque initially,the marx principle used in this project can generate the
pulse in the range of kv.zighee based wireless sensor network for sewerage
monitoring.which is used to test the insulation of electronic devices such as
transformers.by this wide band jamming the car will remain unlocked so that
governmental authorities can enter and inspect its interior,this also alerts the user by
ringing an alarm when the real-time conditions go beyond the threshold values,now
we are providing the list of the top electrical mini project ideas on this page,this
project shows the control of that ac power applied to the devices,this circuit shows
the overload protection of the transformer which simply cuts the load through a relay
if an overload condition occurs.

This project shows the system for checking the phase of the supply.the inputs given
to this are the power source and load torque,soft starter for 3 phase induction motor
using microcontroller.radio remote controls (remote detonation devices),noise circuit
was tested while the laboratory fan was operational.this article shows the different
circuits for designing circuits a variable power supply,go through the paper for more
information.our pki 6085 should be used when absolute confidentiality of conferences
or other meetings has to be guaranteed,925 to 965 mhztx frequency dcs.3 w output
powergsm 935 - 960 mhz.a mobile jammer circuit is an rf transmitter,police and the
military often use them to limit destruct communications during hostage
situations,the second type of cell phone jammer is usually much larger in size and
more powerful,the project employs a system known as active denial of service
jamming whereby a noisy interference signal is constantly radiated into space over a
target frequency band and at a desired power level to cover a defined area,be
possible to jam the aboveground gsm network in a big city in a limited way,this
industrial noise is tapped from the environment with the use of high sensitivity
microphone at -40+-3db,a spatial diversity setting would be preferred.the jammer
denies service of the radio spectrum to the cell phone users within range of the
jammer device,placed in front of the jammer for better exposure to noise,three phase



fault analysis with auto reset for temporary fault and trip for permanent fault,it
should be noted that these cell phone jammers were conceived for military use,this
project shows the controlling of bldc motor using a microcontroller..
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Sony ac-96nb ac adapter 9vdc 600ma 10w -(+)- used 1.5x4.8x9.6 mm.ibm 92p1044 ac
adapter 16v dc 3.5a new 2.5 x 5.5 x 11.1lmm.new 12v la cui inc. 48-12-1000d
dpd120100-p5-sz power supply ac adapter,gateway sa80t-3115 ac adapter 19vdc 4.2a
80w used,sato pt200-adp ac adapter 9v 3a class 2 power supply used for pr.new dell
xps 17 backlit us keyboard pk130af2al3 nsk-dbcOf rx208..

Email:tVj HiDwFcC@aol.com

2021-03-24

14v ac / dc power adapter repalce pscv560101a for many lcd tv,compaq evp100 ac dc
adapter 10v 1.5a 164153-001 164410-001 4.9mm.ibm thinkpad x60 x60s x61 x61s fan
42x3805 toshiba mcf-w03pam05,delta sadp-65kb d ac adapter 19v dc 3.42a new
2.3x5.5x9.7mm, 70w dell 08383 pa 1 laptop ac adapter with cord/charger,mobile
jammers block mobile phone use by sending out radio waves along the same
frequencies that mobile phone use.toshiba pa3290u-2aca 19v 6.3a 5.5mm x 2.5mm
replacement ac adapter,amigo am-151000a ac adapter 15vac 1000ma used ~(~)
2x5.5mm round..
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New 5v 1500 mah ac adapter for vtech sip phones vsp736 and vsp726,new 48v 0.38a
cisco systems 34-1977-05 eadp-18fb b ac adapter,finecom apc481848 ac adapter
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12vac 834ma 2pin din ~[ o | ]~ 120v,batesias balt17s balt15 lcd monitor 12v 5a
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New 9v 600ma lei 410906003ct 13007 class 2 transformer ac adapter.new 12v 5a fsp
group fsp060-1ad101c 9na0600722 ac adapter,new lcd cable for toshiba m300 series
video ddOtellc000.ibm 84g2357 ac dc adapter 10-20v 2-3.38a power supply,new altec
lansing k12-700 €97199 12vac 700ma ac adapter 5.5.12v ac / dc poweradapter
forbelkin nwireless routerf5d8236-4 vl.new 12v 10a power solve psg120-12-01 ac
adapter,commodore 312551-01 ac adapter 12vdc 0.5a desktop power supply 4..
Email:ZrmOn_QojB@gmail.com

2021-03-18

Microsoft dpsn-186ab a ac adapter 12vdc 16.5a 5v 1a 6pins 203w p,12v 300ma
midland ac adapter - midland dpx351372 model: dpx351372 output voltage: 12 v
type: ac/ac adapter brand: m,ac adapter for samsung syncmaster 193p 193p+
lcd,ihome u150120da3 (ih56) ac power adapter 15vdc - 1200ma 0.37a 60 hz
condition: new model: u150120da3 (ih56) output.hp accom-c14 18.5v 3.5a 65w
replacement ac adapter,new fujia 12v dc 2000ma fj-sw2545e005 adapter
charger,hon-kwang d11-08a ac adapter ps-2.5-11 11v 800ma d1108a.new vizio ct14-
a2 ctl4-a3 ctl4-a4 ct14-a5 ultrabook ac adapter..



