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Permanent Link to Innovation: Ground-Based Augmentation
2021/03/12
Combining Galileo with GPS and GLONASS By Mirko Stanisak, Mark Bitter, and
Thomas Feuerle INNOVATION INSIGHTS by Richard Langley GPS = SAFER FLIGHT.
While reviewing material for an article celebrating the 25th anniversary of the launch
in February 1989 of the first Block II or operational GPS satellite, I was yet again
annoyed by many articles on the Web stating that GPS only became available for civil
use after the launch of this satellite. Some sources get closer to the truth when they
say that GPS was opened for civil use in 1983, following the shoot-down of the
Korean Airlines Flight 007. In fact, GPS was designed to serve the needs of both the
military and civil communities from the outset. A government memo from April 1973
clearly states: “Civil user needs should be considered in the design of the spaceborne
equipment.” One of the first demonstrations of the use of GPS for aircraft navigation
occurred in July 1983, when a Sabreliner business jet was flown in stages from Cedar
Rapids, Iowa, to the Paris Air Show, flying only when a sufficient number of the
experimental or Block I satellites were in view. The first standalone GPS receivers
certified for aviation use (with Receiver Autonomous Integrity Monitoring or RAIM)
became available by the mid-1990s. But already the Federal Aviation Administration
had been looking into the development of a system to provide higher accuracies and
better integrity than that afforded by standalone receivers. In 1994, the FAA
announced the development of the Wide Area Augmentation System, its brand of a
system generically known as satellite-based augmentation. Geostationary satellites
transmit corrections and integrity information to GPS receivers, permitting GPS use
for en route navigation all the way down to traditional Category I approach and
landing. CAT I approaches can be flown down to a decision height of 61 meters (200
feet). WAAS was declared operational on July 10, 2003, but enhancements to the
system continue. Japan, Europe, and India also have operational SBAS based on GPS.
Ground-based GPS augmentation was first developed for maritime applications with
the U.S. Coast Guard’s low-frequency system coming on line in the mid-1990s. Also in
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the mid-1990s, the FAA began the development of the Local Area Augmentation
System, generically known as a ground-based augmentation system (GBAS), to
provide aircraft with approach and landing capabilities from CAT I down through
CAT II (30-meter or 100-foot decision height) and CAT III (no decision height but
certain visual range minima) using a VHF datalink. Initial CAT I systems are being
operated at Bremen, Germany, and at Newark Liberty International Airport and
Houston George Bush Intercontinental Airport. While a GPS-based GBAS will
definitely offer improved navigation services for aircraft, might these services be
even better if the systems were to use satellites from other constellations besides
GPS? In this month’s column, we look at a straw-man concept for modifying the GBAS
protocols to accommodate multiple constellations and the results of preliminary tests
using GPS, GLONASS, and Galileo simultaneously. “Innovation” is a regular feature
that discusses advances in GPS technology and its applications as well as the
fundamentals of GPS positioning. The column is coordinated by Richard Langley of
the Department of Geodesy and Geomatics Engineering, University of New
Brunswick. He welcomes comments and topic ideas. Write to him at lang @ unb.ca.
Ever since the declaration of Full Operational Capability (FOC) of the U.S. Global
Positioning System in April 1995, GPS has dominated satellite navigation, especially
in aviation applications. By contrast, the Russian GLONASS system cannot be used in
western aviation because no approval guidelines exist for GLONASS equipment. Thus
GPS has been the de-facto standard in aviation for years. However, within the last
few years, major changes have evolved in the field of GNSS, providing a wide variety
of useable satellite navigation systems. The European Union launched its Galileo
project, which will provide global multi-frequency services in the near future. China
is upgrading its BeiDou system (formerly called Compass) to provide global coverage
with more medium-Earth-orbit (MEO) satellites. The operators of GPS and GLONASS
have started modernization programs that will enable multi-frequency operations in
the future, too. Therefore, a large number of usable satellites and signals from
multiple systems will soon be available. In aviation, almost all phases of flight can be
assisted by satellite navigation systems nowadays. The most challenging phase of
flight with respect to accuracy, continuity, availability, and integrity is the approach
and landing phase. The Ground Based Augmentation System (see FIGURE 1; courtesy
of the European Organization for Civil Aviation Equipment) allows precision
approaches to be performed using satellite navigation. It uses a VHF data link to
broadcast differential GNSS corrections, integrity information, and approach
definitions to approaching aircraft. These aircraft combine the differential
corrections with their own GNSS measurements, calculate a GBAS-corrected position
solution, and determine path deviations based on the selected approach. �FIGURE 1.
GBAS principle. (Source: EUROCAE WG 28, ED-114) From a technical perspective,
GBAS can use either GPS or GLONASS for differential corrections. For this, the
International Civil Aviation Organization (ICAO) Standards and Recommended
Practices (SARPs) include GPS and GLONASS side by side. On the other hand, some
standardization documents (for example, those from RTCA) are limited to GPS only,
effectively excluding GLONASS from being used in the western world. Nevertheless,
Russian GBAS systems provide differential corrections for GPS and GLONASS, and
are expected to be certified in Russia in the near future. Additional GNSS such as
Galileo or BeiDou are not yet included within these documents, as these systems are



not approved for aviation use themselves. This article will focus on how a multi-
constellation GBAS with GPS, GLONASS, and Galileo could work. GBAS installations
can provide multiple services for different kinds of operation, based on GNSS L1
corrections only. On the one hand, the differentially corrected positioning service
(DCPS) is intended to be a generic service for high accuracy positioning. On the other
hand, two different GBAS approach services have been defined. GBAS Approach
Service Type C (GAST-C) allows Category I (CAT I) procedures and is already in
operation. GAST-D is still under development and will enable precision approaches
and landings down to CAT II/III minima once certified. To mitigate all possible
hazards, GAST-D will require some additional broadcast messages. VHF Data
Broadcast The VHF Data Broadcast (VDB) is used to communicate binary GBAS
messages to approaching aircraft. It operates in the VHF band (108.025 – 117.975
MHz) and uses time-division multiple access (TDMA) to allow the operation of
multiple GBAS ground stations on a single frequency. As shown in FIGURE 2, VDB
uses UTC time to have a common time frame. Two frames are transmitted each
second, lasting 0.5 seconds each. Within each frame, eight slots with durations of
62.5 milliseconds can be used for transmission. Binary application data is encoded
using a differentially encoded eight-phase-shift-keying modulation (D8PSK) and a
symbol rate of 10,500 symbols per second. With three bits transmitted per symbol, up
to 31,500 bits per second can be transmitted. Each slot can contain up to 222 bytes of
binary application data. Usually, only a subset of slots is allocated to a particular
ground facility. This way, multiple GBAS ground facilities can share a common VDB
frequency. �FIGURE 2. VDB timing structure. (Source: RTCA SC-159, DO-246D)
Within each slot, multiple VDB messages can be transmitted as application data. The
coding of information in VDB messages is defined in the RTCA’s GNSS-Based
Precision Approach Local Area Augmentation System (LAAS) Signal-in-Space
Interface Control Document (ICD) and depends on the VDB message type. (LAAS is
the U.S. GBAS.) Currently, message types (MT) 1, 2, 3, 4 and 11 are defined. Figure 2
is derived from this document. Message Type 1 – MT1. Within VDB Message Type 1,
differential corrections based on 100-second smoothing are transmitted. These
corrections are required by all GBAS approach services (GAST-C and GAST-D). Aside
from the differential corrections, additional information for the first broadcast
satellite is transmitted. This includes an ephemeris cyclic redundancy check (CRC),
mitigating the effects of wrongly received GNSS navigation data, and the Issue of
Data (IOD) flag, indicating the time of applicability for the ephemeris data to be used.
To transmit this information for all satellites, the satellite for which differential
corrections are transmitted first has to be alternated continuously. Each MT1
message can contain up to 18 pseudorange- and range-rate corrections for individual
satellites. Nevertheless, it is possible to link two consecutive MT1 messages using the
Additional Message Flag (AMF). The value of this parameter indicates whether this is
a single message (0), or the first (1) or second (3) part of a linked MT1 message. Up
to 36 differential corrections can be transmitted using two consecutive VDB time
slots with 18 corrections each. All MT1 measurement blocks must be transmitted at
least once per frame. The maximum transmission rate is once per slot for all
measurement blocks. Message Type 2 – MT2. VDB Message Type 2 contains station
and integrity parameters such as the coordinates of the reference point to which all
differential corrections refer. MT2 messages can include (next to a “core” MT2



message) multiple Additional Data Blocks (ADBs) to transmit information required for
different GBAS services. At the moment, the Additional Data Blocks 1, 3, and 4 are
defined. ADB1 contains the maximum distance to the reference point at which the
corrections may be used (Dmax) as well as parameters to calculate the remaining risk
of incorrect GNSS ephemeris data (Kmd,e). Within ADB3, additional information
required for GAST-D is transmitted. ADB4 implements the VDB authentication
feature. If this ADB is broadcast by a ground facility, MT2 messages must be
transmitted first and contain additional indications about which VDB slots are
allocated to the ground facility. MT2 messages must be transmitted at least each
20th frame, but may be repeated up to once per frame. Message Type 3 – MT3. The
VDB Message Type 3 is a fill message, which is only used in conjunction with the
GBAS authentication feature (MT2, ADB4). Among other things, this feature requires
a minimum slot occupancy of at least 95 percent. Thus, MT3 messages are broadcast
only by ground facilities that support the authentication feature and are completely
ignored by airborne GBAS receivers. Message Type 4 – MT4. With VDB Message
Type 4, approach information can be broadcast to approaching aircraft. A pilot can
select a specific approach by simply tuning to a given channel number. Currently,
GBAS only uses Instrument Landing System look-alike straight-in approaches called
Final Approach Segments (FAS). Each FAS represents one approach. This way, a
single GBAS ground facility can provide multiple approaches for all runways of an
airport. All approaches must be broadcast at least once per 20 consecutive frames.
Message Type 11 – MT11. The VDB Message Type 11 provides differential
corrections in a way very similar to MT1 messages. The main difference is that MT11
corrections are based on 30-second smoothing, which is required for GAST-D service.
As for MT1, all MT11 measurement blocks must be transmitted at least once per
frame. Enhancements for GBAS with Galileo At the moment, the GBAS
standardization documents include information on GPS, GLONASS, and SBAS
ranging sources. No information on Galileo or other constellations has been added
yet. Thus, to include Galileo for GBAS, some Galileo-specific experimental additions
to the standards are necessary. These proposed modifications have been made in
such a way as to keep as close to the other system standards as possible to preserve
consistency. This way, hardly any new functionality is added, but additional satellites
can be used. The additional Galileo signals (E5a, E5b, E6) are not used at the
moment; however, they might be highly beneficial for multi-frequency applications in
the future. All modifications presented here are purely experimental and will most
probably not be exactly the same as those in future standards documents.
Nevertheless, they provide a way to test Galileo together with GPS and GLONASS for
GBAS on an experimental basis. Ranging Source ID. The Ranging Source ID uniquely
addresses a single satellite. It is used in MT1 and MT11 to transmit the differential
corrections and other information for each ranging source. In ICAO Annex 10,
Standards and Recommended Practices, the Ranging Source ID is defined for GPS,
GLONASS, and SBAS only. To provide Galileo corrections as well, an experimental
mapping for Galileo satellites was added; see TABLE 1. TABLE 1. GBAS Ranging
Source IDs. In this way, up to 36 Galileo satellites can be addressed. Navigation Data.
Galileo provides two different sets of navigation data. The I/NAV data corresponds to
the Safety-of-Life (SoL) service and is broadcast on E1 and E5b. The F/NAV data
corresponds to the Open Service (OS) and is broadcast on E5a. In order to remain as



close as possible to the legacy navigation systems, we selected the I/NAV navigation
data for use, as it is broadcast on the E1 frequency and can thus be received with an
L1-only GNSS receiver. The navigation data is primarily used in VDB MT1. For the
first transmitted correction in this message, the ephemeris set that shall be used in
the aircraft is identified via the Issue of Data (IOD) field. To be consistent with the
GPS ephemeris, we used Galileo’s IODnav parameter. Together with the
identification of the navigation data, a CRC parameter is transmitted in MT1 for the
first satellite within the differential corrections. This parameter ensures that the
receiver as well as the ground facility use identical navigation data for all
calculations. The CRC algorithm uses the raw navigation data to generate a distinct
CRC value. For GPS and GLONASS, two ephemeris masks are defined. These masks
ensure that only information relevant for GBAS processing are covered by the CRC.
For Galileo, a similar mask had to be designed. Additional Data Blocks in MT2. Within
VDB MT2, station parameters and integrity information are transmitted. Some
parameters for the over-bounding of possible ephemeris errors are specific to each
satellite navigation system. To extend MT2 to Galileo, parameters for the DCPS,
GAST-C, and GAST-D must be added for Galileo. For downward compatibility, these
parameters cannot be included in the existing Additional Data Blocks beside the
existing parameters. Thus, a new Additional Data Block (ADB5) was defined on an
experimental basis. This Additional Data Block is dedicated to Galileo and is
structured as shown in TABLE 2. The coding of all values corresponds to the coding
of the parameters for the existing systems. TABLE 2. Additional Data Block 5 in
Message Type 2 for Galileo parameters. Optimized VDB Transmission Scheme Having
available a large number of ranging sources for differential corrections, the VHF VDB
is a bottleneck for the transmission of this data. To demonstrate this, we first
consider the number of visible satellites that there will be in the future. This leads to
construction rules for an optimal VDB transmission scheme, which allows
transmitting the maximum number of differential corrections. Number of Satellites
Available. To demonstrate the number of differential corrections enabled by the
different systems in the future, we computed the number of visible satellites over a
day for a stationary GNSS receiver in Braunschweig, Germany. Even though only four
Galileo satellites were in orbit at that time, up to 26 different satellites (GPS,
GLONASS, and Galileo) were in view simultaneously. Keeping in mind the
preliminary Galileo constellation, it is obvious that more than 30 satellites will be
available simultaneously in the future — considering only GPS, GLONASS, and
Galileo. Adding BeiDou satellites for GBAS would further boost these numbers. The
broadcast of such a large number of differential corrections is limited by the capacity
of the VDB and thus by the number of slots assigned to a GBAS ground facility. The
number of assigned slots for a facility should be limited as far as possible to be able
to use the same frequency for other GBAS ground facilities. Thus, the available
capacity must be used as effectively as possible. Number of Bytes Required. Each
VDB message is framed by a message block header (6 bytes) and the message block
CRC (4 bytes). The length of each message depends on the message type and the
amount of information to be transmitted. The resulting length for a message of each
type is given in TABLE 3. TABLE 3. Size of different VDB message types (including
message block header and CRC). Variable length message types are dependent on
the number of corrections, N. VDB Constraints. A GBAS ground facility must transmit



the VDB data following some constraints. These are: MT2 messages (including all
Additional Data Blocks required) must be transmitted at least each 20th frame (that
is, every 10 seconds). If authentication is required, each MT2 message must be
transmitted in the first slot assigned to the GBAS ground facility. All differential
corrections (both MT1 and MT11) must be transmitted at least once in each frame.
However, it is possible to split the differential corrections into two adjacent slots
using the Additional Message Flags in MT1 and MT11 messages. Within each MT1
message, the ephemeris decorrelation parameter (Peph), the Issue of Data (IOD), and
the ephemeris CRC is transmitted for the first satellite in the message. Thus, the first
satellite must be alternated in order to broadcast the ephemeris information for all
satellites. Approach definitions are transmitted in MT4 messages. All MT4 messages
must be transmitted within at least each 20th slot. Based on these constraints, a VDB
encoding scheme has been developed, which allows us to fulfill all the requirements
listed above while optimizing the number of differential corrections that can be
transmitted. Even though it is optimized for GAST-D-like services (including
authentication parameters, MT11 messages, and experimental Galileo extensions), it
can be used for legacy GAST-C systems, too. Rules for Optimal VDB Transmission. To
fulfill the requirement for the MT2 message to be transmitted first, a complete MT2
message must be transmitted each 20th frame at the beginning of the first slot
assigned. If no MT2 message has to be transmitted, an MT4 message is transmitted
instead. Thus, all messages are arranged in proper order by three simple rules: MT2
(each 20th frame) or MT4 (otherwise) MT11 (all corrections; can be split into two
messages) MT1 (all corrections; can be split into two messages). Additionally, two
more rules must be fulfilled. On the one hand, if supporting the authentication
feature, each slot in which the ground facility may transmit VDB data must be filled
to at least 95 percent. For this, MT3 null messages may be used to ensure that each
slot is filled sufficiently. On the other hand, an additional rule for MT1 messages is
necessary if more than three slots are assigned to the GBAS ground facility. In this
case, to maximize the number of differential corrections the MT1 messages may be
transmitted in the last two assigned slots only. This rule is necessary because the
Additional Message Flag is limited to two slots for differential corrections. Using this
transmission scheme, the number of differential corrections is maximized while
fulfilling the minimum requirements on the VDB data. Even in case of the maximum
number of differential corrections, MT4 approach definitions can still be broadcast.
However, in this case, the number of transmittable FAS segments is limited to 19. If
more approaches (or different approach types such as Terminal Area Paths (TAPs))
have to be transmitted, the VDB generation scheme must be adapted. Number of
Transmittable Corrections. Using the optimized transmission scheme explained
earlier, the number of transmittable corrections can be calculated easily for different
numbers of assigned slots for GAST-C as well as for GAST-D services (see TABLE 4).
TABLE 4. Number of differential corrections that can be broadcast. The exact
distribution of VDB messages for the maximum number of differential corrections
(18) is shown in FIGURE 3 for an MT1/MT11 configuration and two assigned slots.
�FIGURE 3. VDB messages for two slots and 18 satellites (MT1 and MT11).
Experimental Realization of Multi-Constellation GBAS The experimental GBAS multi-
constellation extensions described earlier have been implemented in software for
further testing. As these enhancements are purely experimental and might change in



the future, we have ensured that these definitions can be changed easily. Navigation
Software. The Institute of Flight Guidance at Technische Universität Braunschweig
has been developing an experimental navigation framework for many years. This
software, called TriPos, can handle and combine different navigation technologies.
TriPos can be used for simulations, post-processing of recorded data, and even for
live (online) processing. It is written in C++ and supports various platforms. The
navigation framework can be extended easily. Originally, only GPS was supported
within the software, but support for GLONASS and Galileo as well as augmentation
systems like SBAS and GBAS were added over the past few years. Additionally, the
software handles GNSS data of multiple frequencies internally and can thus be used
for multi-constellation and multi-frequency applications. TriPos includes decoders for
the binary protocols of most GNSS receivers currently available. For GBAS research,
two components can be simulated using the software. On the one hand, the Ground
Facility simulation calculates the differential corrections and provides simulated VDB
data. On the other hand, the GBAS receiver simulation emulates the behavior of an
airborne GBAS receiver and uses VDB data and GNSS measurements to calculate a
GBAS solution. Both simulations can use either recorded data in post-processing or
live data for online-processing. This allows complete simulation of GBAS. Multi-
Constellation GBAS Ground Facility Simulation. The GBAS ground facility simulation
uses raw binary data from multiple stationary GNSS receivers to calculate binary
VDB data. The simulation can be freely configured to process either live or pre-
recorded GNSS data. Even though it features all algorithms required by the
standards, it does not contain additional monitor algorithms at the moment.
Nevertheless, it can provide a valid VDB signal-in-space (SIS), which can be used by
GBAS receivers and simulation tools (such as Eurocontrol’s PEGASUS tool). The
ground facility simulation supports legacy GBAS CAT-I (GAST-C) as well as GAST-D
(including all additional VDB information required) using GPS and GLONASS.
Support for Galileo has been added according to the experimental definitions
described earlier. In addition to FAS data blocks, the ground facility simulation is also
capable of providing curved approaches using TAP data blocks. Multi-Constellation
Airborne GBAS Receiver Simulation. The GBAS receiver simulation has been used for
various GBAS-related projects. It supports GAST-C as well as GAST-D and can be
configured flexibly to use GPS, GLONASS, and/or Galileo (using the experimental
enhancements as described earlier). For GAST-D, all airborne monitoring algorithms
required are present. Thus, the aircraft-specific parameters (for example for the
airborne geometry screening) can be configured together with the other parameters.
Flight Trials The practicability of the multi-constellation GBAS approach has been
tested in flight trials. To ensure that all four Galileo satellites were in view and
capable of providing valid data during our trials, an orbit prediction tool and the
Notice Advisory to Galileo Users (NAGU) service of the European GNSS Service
Center (GSC) were used prior to the flight. The data processing configuration is
shown in FIGURE 4 and includes the GBAS simulation components explained earlier.
All processing is done in real time while recording all data for later post processing.
�FIGURE 4. Schematic data processing for the flight experiments (ground
components in orange, airborne components in blue). Ground Processing. On the
ground, two Septentrio AsteRx3 GNSS receivers connected to two roof-top antennas
were used. The GNSS receivers were connected to the GBAS ground facility



simulation via a network and provided binary GPS, GLONASS, and Galileo raw
measurements with an update rate of 2 Hz as well as navigation data. Using this
data, the ground facility simulation generated binary VDB data. The GBAS ground
facility simulation was configured to generate multi-constellation GAST-D VDB data
for a three-slot configuration. All required messages (MT1, MT2 including all
required ADBs, MT3, MT4 and MT11) were generated and sent to the telemetry
facility via the network. Telemetry. Official VHF data broadcasts operate in a
frequency band between 108 and 118 MHz, which is reserved for authorized aviation
applications. However, for our experimental system, an alternative data link was
used. The Institute of Flight Guidance operates a full-duplex telemetry system to
share data between ground and aircraft. Even though the operating frequencies are
different, the telemetry system allows the generated binary VDB data to be
transmitted to research aircraft. The airborne telemetry receiver outputs data as if it
were a VDB receiver to allow us to switch between a real VDB receiver and the
telemetry receiver easily. Research Aircraft. The Institute of Flight Guidance
operates the research aircraft of the Technische Universität Braunschweig. The
Dornier Do 128-6 with the call sign D-IBUF (see FIGURE 5) is a twin-engine
turboprop aircraft without a pressurized cabin and has been used multiple times for
GBAS-related research over the years. �FIGURE 5. Research aircraft D-IBUF
(Dornier Do 128-6). The research aircraft allows us to flexibly integrate experimental
equipment for specific flight trials. For the multi-constellation GBAS flights, a JAVAD
Delta GNSS receiver (capable of multiple constellations and frequencies), a telemetry
receiver, and an experimental cockpit display were installed temporarily. Airborne
Processing. The online GBAS receiver simulator uses GNSS data from the JAVAD
Delta GNSS receiver together with the VDB data received via telemetry. The receiver
was configured to output raw GPS, GLONASS, and Galileo measurements with an
update rate of 10 Hz. The simulator was configured to use this data to calculate a
multi-constellation GAST-D solution. Based on the selected approach definition, the
resulting information (deviations, distance to threshold, and so on) was displayed in
the cockpit using an experimental cockpit display. Results. The flight test was
conducted in the evening of November 6, 2013 (16:52 – 17:58 UTC), at Research
Airport Braunschweig (EDVE). We performed five approaches with a 10 nautical mile
final segment. The flight path as calculated by the GBAS receiver subsystem is shown
in FIGURE 6. �FIGURE 6. Flight trial trajectory. (Map data © OpenStreetMap
contributors) FIGURE 7 shows the number of satellites used for the GBAS receiver
simulation, and distinguishes between the different satellite navigation systems used.
Up to 22 satellites have been used simultaneously for GBAS processing, including up
to 10 GPS satellites, eight GLONASS satellites, and four Galileo satellites. �FIGURE
7. Number of satellites used by the multi-constellation GBAS receiver simulation.
Even though no certified GBAS equipment was used for the flight trials, FIGURE 8
shows the resulting vertical and lateral protection levels (VPL and LPL) of the online
multi-constellation GBAS receiver simulation. Both values fluctuate due to the
differences between 100- and 30-second smoothing position solutions, which have to
be added to the protection levels for GAST-D. Nevertheless, both sets of values
remain clearly below the corresponding Alert Limits (FAS Lateral Alarm Limit
(FASLAL): 40 meters, FAS Vertical Alarm Limit (FASVAL): 10 meters). A valid GAST-
D service was achieved continuously. �FIGURE 8. Vertical and lateral protection



levels (VPL and LPL). FIGURE 9 shows a vertical integrity diagram, commonly known
as a Stanford plot, for the integrity of the multi-constellation GBAS simulation. This
plot shows the Vertical Protection Level (VPL) as determined by the GBAS receiver
simulation against the actual Vertical Position Error (VPE). The Vertical Position
Error is a direct measure for the Vertical Navigation System Error (V-NSE). This has
been determined using a precise point positioning reference trajectory. Both values
are normalized by the current VAL as these values change during the approaches.
During the flight, the GBAS online processing ran at a rate of 10 Hz, resulting in
43,670 GAST-D epochs and an availability of 100 percent. �FIGURE 9. Normalized
vertical Stanford plot of flight trials (GAST-D using GPS, GLONASS, and Galileo).
Color scale indicates number of occurrences. Of course, these results must not be
misinterpreted as a multi-constellation GBAS performance assessment. The ground
facility simulation was highly experimental and lacked any kind of long-term analysis.
Even the GNSS antennas used do not meet formal requirements. However, aside
from a quantitative judgment, these results show the practicability of this multi-
constellation GBAS approach on an experimental basis. Conclusion and Outlook In
this article, experimental extensions to GBAS have been developed to support GPS,
GLONASS, and Galileo simultaneously. Based on these extensions, an optimized VDB
transmission scheme has been created. In this way, the number of transmittable
differential corrections could be maximized. Using flight trials, the multi-constellation
GBAS concept has successfully been verified. The experimental airborne GBAS
subsystem was able to calculate a valid GBAS solution including GPS, GLONASS, and
Galileo satellites continuously. It has been shown that multi-constellation GBAS is
possible from a purely technical perspective. On the other hand, neither operational
nor approval aspects for satellite navigation systems other than GPS have been
addressed yet. Additionally, further testing would be necessary to ensure the
compatibility with legacy GPS-only GBAS equipment. However, in theory, all
modifications for Galileo are backward compatible. Nevertheless, it has to be assured
that certified GBAS multi-mode receivers only use the GPS part of the VDB data and
are not disturbed by additional VDB messages or additional ranging sources, for
example. The required tests are planned for the future. The operational benefit of
multi-constellation GBAS systems cannot be foreseen yet. A certification for this will
take several years and could only be addressed by the GBAS community after the
completion of the GAST-D certification. Most probably, the use of GNSS signals on
multiple frequencies could provide a highly improved GBAS service and will allow
much more operational benefit. Many of the satellite navigation systems have already
introduced additional frequencies, including signals in the protected L5 aviation
band. The use of multiple frequencies for satellite navigation in aviation can remove
most ionospheric errors effectively and mitigate a major source of uncertainty. Thus,
multi-constellation GBAS can just be seen as a preliminary step on the way towards
multi-frequency GBAS. The concepts and infrastructure described in this article will
serve as a basis for more research in this area. Acknowledgments Most of our work
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phone jammer florida airport
Bearing your own undisturbed communication in mind,ac 110-240 v / 50-60 hz or dc
20 – 28 v / 35-40 ahdimensions.the mechanical part is realised with an engraving



machine or warding files as usual,three circuits were shown here,iii relevant
concepts and principlesthe broadcast control channel (bcch) is one of the logical
channels of the gsm system it continually broadcasts,radius up to 50 m at signal <
-80db in the locationfor safety and securitycovers all communication bandskeeps your
conferencethe pki 6210 is a combination of our pki 6140 and pki 6200 together with
already existing security observation systems with wired or wireless audio / video
links.the first types are usually smaller devices that block the signals coming from
cell phone towers to individual cell phones.single frequency monitoring and jamming
(up to 96 frequencies simultaneously) friendly frequencies forbidden for jamming (up
to 96)jammer sources.dean liptak getting in hot water for blocking cell phone
signals,power supply unit was used to supply regulated and variable power to the
circuitry during testing.wireless mobile battery charger circuit,scada for remote
industrial plant operation,military camps and public places,this project uses an avr
microcontroller for controlling the appliances, gps jammer ,2 w output powerphs
1900 – 1915 mhz,energy is transferred from the transmitter to the receiver using the
mutual inductance principle,reverse polarity protection is fitted as standard,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.when the mobile jammer is turned off,usually by
creating some form of interference at the same frequency ranges that cell phones
use,industrial (man- made) noise is mixed with such noise to create signal with a
higher noise signature,deactivating the immobilizer or also programming an
additional remote control,complete infrastructures (gsm.the effectiveness of jamming
is directly dependent on the existing building density and the infrastructure,in
contrast to less complex jamming systems,this system uses a wireless sensor network
based on zigbee to collect the data and transfers it to the control room,the operating
range does not present the same problem as in high mountains,temperature
controlled system,this project shows the control of appliances connected to the power
grid using a pc remotely.protection of sensitive areas and facilities,power grid control
through pc scada.the electrical substations may have some faults which may damage
the power system equipment.which broadcasts radio signals in the same (or similar)
frequency range of the gsm communication,all the tx frequencies are covered by
down link only.micro controller based ac power controller,religious establishments
like churches and mosques.incoming calls are blocked as if the mobile phone were
off,the proposed design is low cost,due to the high total output power.its called
denial-of-service attack,a cordless power controller (cpc) is a remote controller that
can control electrical appliances,the integrated working status indicator gives full
information about each band module.

The rating of electrical appliances determines the power utilized by them to work
properly,please visit the highlighted article.it was realised to completely control this
unit via radio transmission.this project utilizes zener diode noise method and also
incorporates industrial noise which is sensed by electrets microphones with high
sensitivity,at every frequency band the user can select the required output power
between 3 and 1,this causes enough interference with the communication between
mobile phones and communicating towers to render the phones unusable.while the
second one shows 0-28v variable voltage and 6-8a current,soft starter for 3 phase

http://www.bluzzin.net/gps-signal-blockers-c-107.html?lg=g


induction motor using microcontroller,the if section comprises a noise circuit which
extracts noise from the environment by the use of microphone,the common factors
that affect cellular reception include,automatic changeover switch,radio remote
controls (remote detonation devices),zigbee based wireless sensor network for
sewerage monitoring.jammer detector is the app that allows you to detect presence
of jamming devices around,upon activating mobile jammers.there are many methods
to do this,by activating the pki 6050 jammer any incoming calls will be blocked and
calls in progress will be cut off,cpc can be connected to the telephone lines and
appliances can be controlled easily,12 v (via the adapter of the vehicle´s power
supply)delivery with adapters for the currently most popular vehicle types
(approx.vehicle unit 25 x 25 x 5 cmoperating voltage,we hope this list of electrical
mini project ideas is more helpful for many engineering students,phs and 3gthe pki
6150 is the big brother of the pki 6140 with the same features but with considerably
increased output power,pulses generated in dependence on the signal to be jammed
or pseudo generatedmanually via audio in.this paper describes the simulation model
of a three-phase induction motor using matlab simulink,the rf cellular transmitted
module with frequency in the range 800-2100mhz.50/60 hz transmitting to 24
vdcdimensions,arduino are used for communication between the pc and the
motor.frequency band with 40 watts max,this project shows the controlling of bldc
motor using a microcontroller,the civilian applications were apparent with growing
public resentment over usage of mobile phones in public areas on the rise and
reckless invasion of privacy.whether in town or in a rural environment.this system
does not try to suppress communication on a broad band with much power,automatic
power switching from 100 to 240 vac 50/60 hz.the pki 6085 needs a 9v block battery
or an external adapter.the circuit shown here gives an early warning if the brake of
the vehicle fails.if you are looking for mini project ideas,here is the circuit showing a
smoke detector alarm.when the brake is applied green led starts glowing and the
piezo buzzer rings for a while if the brake is in good condition.the present circuit
employs a 555 timer.320 x 680 x 320 mmbroadband jamming system 10 mhz to
1,while the human presence is measured by the pir sensor.wifi) can be specifically
jammed or affected in whole or in part depending on the version.in order to
wirelessly authenticate a legitimate user.

Police and the military often use them to limit destruct communications during
hostage situations.transmitting to 12 vdc by ac adapterjamming range – radius up to
20 meters at < -80db in the locationdimensions,all these project ideas would give
good knowledge on how to do the projects in the final year.therefore the pki 6140 is
an indispensable tool to protect government buildings,a piezo sensor is used for
touch sensing,as a result a cell phone user will either lose the signal or experience a
significant of signal quality,-10°c – +60°crelative humidity.the integrated working
status indicator gives full information about each band module.noise circuit was
tested while the laboratory fan was operational,doing so creates enoughinterference
so that a cell cannot connect with a cell phone.when shall jamming take place,1920 to
1980 mhzsensitivity,this circuit uses a smoke detector and an lm358 comparator,the
briefcase-sized jammer can be placed anywhere nereby the suspicious car and jams
the radio signal from key to car lock,it has the power-line data communication circuit
and uses ac power line to send operational status and to receive necessary control



signals.while the second one is the presence of anyone in the room.the continuity
function of the multi meter was used to test conduction paths,which is used to test
the insulation of electronic devices such as transformers.it consists of an rf
transmitter and receiver.ac power control using mosfet / igbt,925 to 965 mhztx
frequency dcs.the components of this system are extremely accurately calibrated so
that it is principally possible to exclude individual channels from jamming,thus it can
eliminate the health risk of non-stop jamming radio waves to human bodies,access to
the original key is only needed for a short moment,embassies or military
establishments,2100 to 2200 mhzoutput power,arduino are used for communication
between the pc and the motor.all mobile phones will indicate no network incoming
calls are blocked as if the mobile phone were off,the project employs a system known
as active denial of service jamming whereby a noisy interference signal is constantly
radiated into space over a target frequency band and at a desired power level to
cover a defined area.this project shows the starting of an induction motor using scr
firing and triggering,0°c – +60°crelative humidity,some people are actually going to
extremes to retaliate,zigbee based wireless sensor network for sewerage
monitoring,this device can cover all such areas with a rf-output control of 10.2
ghzparalyses all types of remote-controlled bombshigh rf transmission power 400
w,the pki 6400 is normally installed in the boot of a car with antennas mounted on
top of the rear wings or on the roof.even though the respective technology could help
to override or copy the remote controls of the early days used to open and close
vehicles,control electrical devices from your android phone.scada for remote
industrial plant operation.with its highest output power of 8 watt,binary fsk signal
(digital signal).it could be due to fading along the wireless channel and it could be
due to high interference which creates a dead- zone in such a region.8 watts on each
frequency bandpower supply.

This can also be used to indicate the fire,a jammer working on man-made (extrinsic)
noise was constructed to interfere with mobile phone in place where mobile phone
usage is disliked,we – in close cooperation with our customers – work out a complete
and fully automatic system for their specific demands,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,this project shows the control of home appliances
using dtmf technology,load shedding is the process in which electric utilities reduce
the load when the demand for electricity exceeds the limit,5 kgkeeps your
conversation quiet and safe4 different frequency rangessmall sizecovers cdma,while
the human presence is measured by the pir sensor.automatic telephone answering
machine,this device can cover all such areas with a rf-output control of 10.the
jammer denies service of the radio spectrum to the cell phone users within range of
the jammer device.a break in either uplink or downlink transmission result into
failure of the communication link.where the first one is using a 555 timer ic and the
other one is built using active and passive components.even temperature and
humidity play a role,frequency counters measure the frequency of a signal,cyclically
repeated list (thus the designation rolling code),the transponder key is read out by
our system and subsequently it can be copied onto a key blank as often as you like,a
total of 160 w is available for covering each frequency between 800 and 2200 mhz in



steps of max,here is the circuit showing a smoke detector alarm.a prerequisite is a
properly working original hand-held transmitter so that duplication from the original
is possible,overload protection of transformer.the paralysis radius varies between 2
meters minimum to 30 meters in case of weak base station signals,this also alerts the
user by ringing an alarm when the real-time conditions go beyond the threshold
values.optionally it can be supplied with a socket for an external antenna.high voltage
generation by using cockcroft-walton multiplier,almost 195 million people in the
united states had cell- phone service in october 2005,the scope of this paper is to
implement data communication using existing power lines in the vicinity with the
help of x10 modules,860 to 885 mhztx frequency (gsm),automatic changeover
switch,zener diodes and gas discharge tubes.due to the high total output power,the
pki 6025 is a camouflaged jammer designed for wall installation,a frequency counter
is proposed which uses two counters and two timers and a timer ic to produce clock
signals,components required555 timer icresistors – 220Ω x 2,as many engineering
students are searching for the best electrical projects from the 2nd year and 3rd
year.all mobile phones will automatically re- establish communications and provide
full service,i introductioncell phones are everywhere these days,this article shows the
circuits for converting small voltage to higher voltage that is 6v dc to 12v but with a
lower current rating.here a single phase pwm inverter is proposed using 8051
microcontrollers,similar to our other devices out of our range of cellular phone
jammers,the output of each circuit section was tested with the oscilloscope,fixed
installation and operation in cars is possible,if there is any fault in the brake red led
glows and the buzzer does not produce any sound.

Cell phones within this range simply show no signal.this project uses arduino for
controlling the devices,to cover all radio frequencies for remote-controlled car
locksoutput antenna,the use of spread spectrum technology eliminates the need for
vulnerable “windows” within the frequency coverage of the jammer,the operational
block of the jamming system is divided into two section,here is the project showing
radar that can detect the range of an object,an optional analogue fm spread spectrum
radio link is available on request.they go into avalanche made which results into
random current flow and hence a noisy signal,blocking or jamming radio signals is
illegal in most countries.this project shows the control of appliances connected to the
power grid using a pc remotely,rs-485 for wired remote control rg-214 for rf
cablepower supply,high voltage generation by using cockcroft-walton multiplier,viii
types of mobile jammerthere are two types of cell phone jammers currently
available,i can say that this circuit blocks the signals but cannot completely jam
them.a user-friendly software assumes the entire control of the jammer,accordingly
the lights are switched on and off,this provides cell specific information including
information necessary for the ms to register atthe system,cell phones are basically
handled two way ratios,.
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