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Photo: peeterv/iStock/Getty Images Plus/Getty Images Ambiguity and Environmental
Data: Two Further Key Challenges of Multisensor Positioning By Paul D. Groves, Lei
Wang, Debbie Walter, and Ziyi Jiang, University College London The coming
requirements of greater accuracy and reliability in a range of challenging
environments for a multitude of mission-critical applications require a multisensor
approach and an over-arching methodology that does not yet exist. Part 1 of this
article, in the October issue, examined the two key concepts of complexity and
context. In this continuation, we complete our overview with exploration of the
requirements of ambiguity and environmental data. Ambiguity occurs when
measurements can be interpreted in more than one way, leading to different
navigation solutions, only one of which is correct. Any navigation technique can
potentially produce ambiguous measurements. The likelihood depends on both the
positioning method and the context, both environmental and behavioral. Urban and
indoor positioning techniques that do not require dedicated infrastructure are
particularly vulnerable to ambiguity. Poor handling of ambiguity results in erroneous
navigation solutions and the navigation system can become “lost,” whereby it is
unable to recover and may even reject correct measurements. There are six main
causes of ambiguity: feature identification, pattern matching, propagation anomalies,
geometry, system reliability, and context ambiguity. Each of these is described in
turn below. Feature Identification Ambiguity. The proximity, ranging, angular
positioning, and Doppler positioning methods all use landmarks for positioning.
These may be radio, acoustic, or optical signals, or natural or man-made features of
the environment. For reliable positioning, these signals or features must be correctly
identified. Digital signals intended for positioning incorporate identification codes.
However, where a signal is weak and/or interference is high, it may be possible to
use the signal for positioning but not decode the identification information. For
signals of opportunity — that is, not designed for positioning — the identification
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codes may be encrypted, while analog signals do not typically have identifiers. These
signals must be identified using their frequencies and an approximate user position,
in which case there may be multiple candidates. Even where a signal of opportunity is
identifiable, the transmission site may change without warning. For example, Wi-Fi
access points are sometimes moved and mobile phone networks are periodically
refigured. Thus, there is a risk of false landmark identification. Environmental
features are difficult to identify uniquely. In image-based navigation, man-made
features, such as roads, buildings, and signs, are easiest to identify in images due to
their line and corner features. However, similar objects are often repeated in
relatively close proximity. For example, Figure 18 shows the locations of the five “no
entry” signs in a 1,200-meter circuit of Central London streets. Two of the signs are
within 20 meters of each other. (Figure numbering continues the sequence beginning
in Part 1, October issue.) Figure 18. “No entry” signs in a 1,200-meter circuit of
Central London. (Background image courtesy of Bing maps | Photo: Paul D. Groves,
Lei Wang, Debbie Walter and Ziyi Jiang, University College London) Pattern-
Matching Ambiguity. The pattern-matching positioning method maintains a database
of measurable parameters that vary with position. Examples include terrain height,
magnetic field variations, Wi-Fi signal strengths, and GNSS signal availability
information. Values measured at the current unknown user position are compared
with predictions from the database over a series of candidate positions. The position
solution is then obtained from the highest scoring candidate(s). An inherent
characteristic of pattern matching is that there is sometimes a good match between
measurements and predictions at more than one candidate position. Figure 19 and
Figure 20 show GNSS shadow-matching scoring maps based on smartphone
measurements taken at the same location 40 seconds apart. The scores are obtained
by comparing GNSS signal-to-noise measurements with signal availability predictions
derived from a 3D city model. In Figure 19, maximum scores (shown in dark red) are
only obtained in the correct street, whereas in Figure 20, there is also a high-scoring
area in the adjacent street, giving two possible position solutions. Figure 19. GNSS
shadow-matching scoring map - unambiguous case (the cross shows the true position
and white areas are indoor locations). (Photo: Paul D. Groves, Lei Wang, Debbie
Walter and Ziyi Jiang, University College London) Figure 20. GNSS shadow-matching
scoring map - unambiguous case (the cross shows the true position and white areas
are indoor locations). (Photo: Paul D. Groves, Lei Wang, Debbie Walter and Ziyi Jiang,
University College London) Figure 21 presents another example, showing the height
of a road vehicle derived from a barometric altimeter at three different times.
Provided the altimeter is regularly calibrated, it may be used for terrain-referenced
navigation (TRN), determining the car’s position along the road by comparing the
measured height with a database. However, if only the current height is compared, it
will typically match the database at multiple locations within the search area, as the
figure shows. The ambiguity can be reduced by comparing a series of measurements
from successive epochs, known as a transect, with the database. This approach is
applicable to any pattern-matching technique. However, increasing the transect
length to reduce the ambiguity also reduces the update rate, and the ambiguity
problem can never be eliminated completely. Figure 21. Height of a car derived from
a barometric altimeter at three different times; readings of around 235 m are
highlighted. (Photo: Paul D. Groves, Lei Wang, Debbie Walter and Ziyi Jiang,



University College London) Signal Propagation Anomalies. The ranging, angular
positioning, and Doppler positioning methods all make the assumption that the signal
propagates from the transmitter (or other landmark) to the user in a straight line at
constant speed. Significant position errors can therefore arise when these
assumptions are not valid due to phenomena such as non-line-of-sight reception,
multipath interference, and severe atmospheric refraction. In challenging
environments, such as dense urban areas and indoors, multiple signals are typically
affected by propagation anomalies, and it is not always easy to determine which
signals are contaminated. Where the position solution is overdetermined (that is,
more than the minimum number of signals are received), different combinations of
signals will produce different position solutions when there are significant
propagation anomalies. Figures 22 and 23 illustrate this for conventional GNSS
positioning using a Leica Viva geodetic receiver, showing the position errors obtained
using different combinations of GPS and GLONASS signals. In Figure 22, the receiver
is located on a high rooftop and the majority of position solutions are within 15
meters of the mean, with the remainder easily dismissible as outliers. However, in
Figure 23, where the receiver is located in a dense urban location, the candidate
position solutions are spread over more than 100 meters, and the correct position
solution is not clear. The densest cluster of positions is far from both the centroid and
the truth. Therefore, anomalous signal propagation may be treated as an ambiguity
problem. Figure 22. GNSS position errors using different combinations of signals in a
rooftop environment. (Photo: Paul D. Groves, Lei Wang, Debbie Walter and Ziyi Jiang,
University College London) Figure 23. GNSS position errors using different
combinations of signals in a dense urban environment. (Photo: Paul D. Groves, Lei
Wang, Debbie Walter and Ziyi Jiang, University College London) Geometric
Ambiguity. Geometric ambiguity occurs when more than one position solution may be
derived from a set of otherwise unambiguous measurements. Figure 24 shows two
examples. On the left, two ranging measurements in two dimensions produce circular
lines of position that intersect in two places. On the right, a ranging measurement
and a direction-finding measurement are made using the same signal. As direction
finding has a 180° ambiguity, the lines of position also intersect at two places. Figure
24. Geometric ambiguity in two dimensions from two ranging measurements (left),
and a ranging and direction-finding measurement (right). (Photo: Paul D. Groves, Lei
Wang, Debbie Walter and Ziyi Jiang, University College London) System Reliability.
Navigation subsystems can produce incorrect information for a host of different
reasons. Some examples include: user equipment hardware and software faults;
transmitter hardware and software faults; out-of-date databases used for pattern
matching, including TRN, GNSS shadow matching, and map matching; wheel slips in
odometry; the effects of passing vehicles and animals on environmental feature
visibility, availability and strength of radio signals, and Doppler-based dead
reckoning. Some of these failure modes are easily detectable through the
measurements failing basic range checks or being absent altogether. In other cases,
faults may be detected by consistency checks within the subsystem. For example,
wheel slip may be detected by comparing measurements from different wheels, while
Doppler radar and sonar systems typically incorporate a redundant beam to enable
the interruption of a beam by a vehicle or animal to be detected. Subsystems can
sometimes output incorrect information that is plausible. An ambiguity thus exists



where it is uncertain whether or not a measurement may be trusted. An ambiguity
also exists where a fault has been detected, but not its source. Thus, some of the
information produced by the subsystem must be incorrect, but some of it may be
correct. Context Ambiguity. As discussed in Part 1 of this article (October issue), the
optimum way of processing sensor information depends on the context. However, if
context information is used, the navigation solution will then depend on the assumed
context. For example, if an indoor environment is assumed, indoor radio positioning
and map-matching algorithms that are only capable of producing an indoor position
solution may be used. Similarly, if an urban environment is assumed, GNSS shadow
matching and outdoor map matching may be selected, resulting in an outdoor
position solution. Adoption of pedestrian and vehicle motion constraints can also lead
to different navigation solutions. Context determination is not a completely reliable
process. Therefore, to minimize the impact of incorrect context assumptions on the
navigation solution, the context should be treated as ambiguous whenever there is
significant uncertainty. Possible Solutions There is no obvious solution to the
ambiguity problem. Instead, different approaches to integrating ambiguous
information may be adopted depending on the relative priorities of solution
availability, reliability, and processing load. The main approaches, illustrated in
Figure 25, are discussed below. They all require the subsystems to present the
different measurement hypotheses and their associated probabilities to the
integration algorithm. Figure 25. Methods of handling ambiguous measurements in a
navigation integration algorithm. (Photo: Paul D. Groves, Lei Wang, Debbie Walter
and Ziyi Jiang, University College London) Accept or reject the lead hypothesis. The
simplest way of handling ambiguous information is to maintain a single-hypothesis
navigation solution and consider only the most-probable hypothesis from each
subsystem. This is then accepted or rejected based on the following criteria: Whether
the probability of the highest scoring hypothesis above a certain threshold. Whether
the probability of the second-highest scoring hypothesis below a certain threshold.
Whether the highest-scoring measurement hypothesis is consistent with the current
integrated navigation solution. (Determinable using measurement innovation
filtering.) Context may be incorporated into this approach by accepting the highest-
scoring behavioral and environmental contexts where they meet the above criteria
and computing a context-independent navigation solution otherwise. This approach is
processor-efficient, but high integrity and availability cannot be achieved
simultaneously. Low acceptance thresholds provide high reliability by rejecting most
erroneous measurements, but low solution availability as many good measurements
are also rejected. Conversely, high acceptance thresholds provide availability at the
expense of reliability. Accept all hypotheses into a single-hypothesis solution. A
probabilistic data association filter (PDAF) accepts multiple measurement or context
hypotheses, weighting them according to their probabilities, but represents the
navigation solution as the mean and covariance of a uni-modal distribution. The
measurement update to the state estimation error covariance matrix accounts for the
spread in the hypotheses such that the state uncertainties can sometimes increase
following a measurement update. This approach reconciles the demands of integrity
and availability at the price of a moderate increase in processing load. However, the
uni-modal navigation solution can sometimes be misleading. For example, if a
pattern-matching system determines that the user is equally likely to be in one of two



parallel streets, the overall position solution will be midway between those streets.
Multi-hypothesis integration accepting all hypotheses. Multi-hypothesis integration
deals with multiple measurement and context hypotheses by spawning multiple
integration filters, one for each hypothesis. Each filter is allocated a probability based
not only on the probabilities of the measurements input to it, but also on the
consistency of those measurements with the prior estimates of that filter. This
consistency-based scoring is essential; otherwise the filter hypothesis that inputs the
highest-scoring measurement hypotheses will always dominate, regardless of
whether those measurements are consistent across subsystems and successive
epochs. A fundamental characteristic of multi-hypothesis filtering is that the number
of hypotheses grows exponentially from epoch to epoch. This is clearly impractical, so
the number of hypotheses is limited by merging the lowest scoring hypotheses into
higher scoring neighbors. The overall navigation solution is the weighted sum of the
constituent filter hypotheses. Each individual filter hypothesis describes a uni-modal
distribution. However, the combined navigation solution is multi-modal. Thus, the
position probability can be higher in two streets than in the buildings between those
streets. This is a clear advantage over the PDAF-based approach, but the processing
load is higher. Multi-modal integration accepting all hypotheses. A multi-modal filter
is not constrained to model the states it estimates in terms of a mean and covariance.
This enables it to process multiple measurement and/or context hypotheses and
represent the result as a weighted sum of the probability distributions arising from
the individual hypotheses. Suitable data-fusion algorithms include the Gaussian
mixture filter and the particle filter. A key advantage over multi-hypothesis
integration is that measurements may be treated as continuous probability
distributions instead of as a set of discrete hypotheses. This enables pattern-matching
measurements to be integrated more naturally and offers greater flexibility in
handling signal propagation anomalies. A Gaussian mixture filter models the
probability distribution of the navigation solution as the weighted sum of a series of
multi-variate Gaussian distributions. An example is the iterative Gaussian mixture
approximation of the posterior (IGMAP) technique, which has been applied to terrain
referenced navigation integrated with inertial navigation. A particle filter models the
probability distribution of the navigation solution using a series of semi-randomly
distributed samples, known as particles. Between a thousand and a million particles
are typically deployed, with a higher density of particles in higher probability regions
of the distribution. Particle filters have been used with a number of different
navigation technologies, including TRN, pedestrian map matching, Wi-Fi positioning,
and GNSS shadow matching. Multi-modal integration algorithms offer the greatest
flexibility in reconciling the demands of solution availability and reliability, but also
potentially impose the highest processing load. Issues to Resolve The key challenge
in handling ambiguous measurements is determining realistic probabilities for each
hypothesis. A probability must also be calculated for the null hypothesis, that is, the
hypothesis that every candidate measurement output by the subsystem is wrong. The
same applies to ambiguous context. A feature identification algorithm must allocate a
score to every database feature that it compares with the sensor measurements. In
practice, only features within a predefined search area, based on the prior position
solution and its uncertainty, will be considered. Features scoring above a certain
threshold will be possible matches. Similarly, pattern- matching algorithms allocate a



score to each candidate position in the search area according to how well the sensor
measurements match the database at that point. For correct handling of ambiguous
matches, these scores should be as close as possible to the probabilities of the
feature match or candidate position being correct. Feature identification and pattern-
matching algorithms can also fail to consider the correct feature or candidate
position for several reasons. The correct feature or position may be outside the
database search area. It may be absent due to the database being out of date. The
sensor may also observe or be affected by a temporary feature that is not in the
database, such as a vehicle. The null hypothesis probability must account for all of
these possibilities. In practice, it will be higher where there is no good match
between the measurements and database. Signal propagation anomalies affect the
error distributions of ranging, angle, and Doppler shift measurements, and the
positions and velocities derived from them. These error distributions depend on
whether the signals are direct line-of-sight (LOS), non-line-of-sight (NLOS), or
multipath- contaminated LOS. However, this is not typically known. Signal strength
measurements, environmental context, signal elevation (for GNSS), distance from the
transmitter (for terrestrial signals), consistency between different measurements,
and 3D city models can all contribute useful information. However, their relationship
with the measurement errors is complex, so a semi-empirical approach is needed.
Moving on to reliability, virtually any subsystem can produce false information. The
overall probability will typically be very low and thus only significant for high-
integrity applications. However, the failure probability will be higher in certain
circumstances, in which case the relevant subsystem should report a higher null
probability. For example, in odometry, the probability of a wheel slip depends on host
vehicle dynamics. Similarly, a radio signal is more likely to be faulty if it is weaker
than normal. Repeated measurements, changes to the update interval, and sudden
changes in a sensor output are also indicative of potential faults. Geometric
ambiguity is easy to quantify as the candidate solutions have equal probability in the
absence of additional information. As proposed in Part 1, the context determination
process should produce multiple context hypotheses, each with an associated
probability. Therefore, it is important to ensure that all navigation subsystems that
use this context information do so in a probabilistic manner. Thus, where different
context hypotheses lead to different values of the measurements output by a
navigation subsystem, each measurement hypotheses should be accompanied by a
probability derived from the context probabilities. A further issue to resolve is the
relationship between discrete and continuous ambiguity. Ambiguities in feature
identification, solution geometry, failures, and context categorization are discrete and
are suited to integration filters that treat them as a set of discrete hypotheses.
However, the position solution ambiguity in pattern-matching is continuous, that is,
the probability density is a continuous function of position, albeit sampled at discrete
grid points. This probability distribution may be input directly to a particle filter.
However, if the integration algorithm is a uni-modal filter or a bank of uni-modal
filters, the probability distribution must be converted to a set of discrete hypotheses.
This can be done by fitting a set of Gaussian distributions to the probability
distribution. For signal propagation anomalies, their presence or absence is discrete.
However, the resulting measurement error distribution is continuous, so a similar
approach is appropriate. The same challenging environments that require multiple



navigation subsystems to maximize solution availability, accuracy, and reliability can
also induce those subsystems to produce ambiguous measurements. Consequently,
the modular integration architecture proposed in Part 1 should be capable of
handling ambiguous measurements. This is discussed further in our IEEE/ION PLANS
2014 paper, “The Four Key Challenges of Advanced Multisensor Navigation and
Positioning.” Environmental Data Position-fixing systems need information about the
environment, sometimes known as a “world model,” to operate. Proximity, ranging,
and angular positioning all use landmarks that must be identified. For GNSS and
other long-range radio systems, identification codes are determined when the system
is designed and incorporated in the user equipment. However, this is not practical for
shorter range signals, whether opportunistic or designed for positioning, due to the
vast numbers of transmitters available worldwide and the fact that many will be
installed during the lifetime of the user equipment. The user equipment will also
require information on the characteristics of a signal to enable it to use that signal
for ranging. A mobile device equipped with a generic radio or transceiver may be
required to download software to enable it to use a proprietary indoor positioning
system. For environmental feature-matching techniques, the user equipment requires
information to enable it to identify each landmark. Navigation using landmarks also
requires their positions and, for passive ranging, their timing offsets. Signals
designed for positioning typically provide this information, but it can take a long time
to download (30 seconds for GPS C/A code) and can be difficult to demodulate under
poor reception conditions. The positions of opportunistic radio transmitters and
environmental features must be determined by other means. For positioning using
the pattern-matching method, a measurement of radio signal strength or a
characteristic of the environment, such as the terrain height or magnetic field, is
compared with a database to determine position. Therefore, a database providing
values of the measured parameter over a regular grid of positions is required. Map
matching requires a map database to indicate where the user can and cannot go.
GNSS shadow matching requires a 3D city model to predict signal visibility. Finally,
as discussed in Part 1 of this article, mapping is required to determine environmental
context information from the position solution and to enable location-dependent
context connectivity information (for example, the location of train stations) to be
used for context determination. Possible Solutions We discuss in turn the
environmental data collection and its distribution to the user equipment. Data
Collection. Positioning data may be collected either from a systematic survey or by
the users. In either case, regular updates will be required. A systematic survey might
be conducted by the subsystem supplier, a national mapping agency, or a private
third party. The user will need to pay for the data in some way. It could be included in
the equipment cost, via a subscription payment, by accepting advertising, or through
general taxation (for some national mapping agency data). For mobile devices, such
as smartphones, mapping data may be available for some applications, but not others.
Single-user data collection does not involve user charges, but only provides data for
places the user has already visited. A simple approach requires a good position
solution to collect mapping data. This can work for applications that normally use
GNSS, but require backups for temporary outages. However, it does not work for
areas where GNSS reception is poor. Simultaneous localization and mapping (SLAM)
techniques can perform mapping without a continuous position solution. However,



there are several constraints. First, a good position solution that is independent of
the data being mapped is required at some point, usually the start. Second, a
navigation system including dead-reckoning technology must be used. Third,
locations must be visited repeatedly within a short period of time (to achieve “loop
closure”). Finally, only features close to the user can be mapped. Cooperative
mapping by a group of users solves many of the problems of single-user mapping. It
can provide individual users with data for places they have not visited before. Distant
landmarks can also be mapped more easily by multiple users, particularly where it is
necessary to determine a timing offset as well as the location. However, a method for
comparing and combining data from multiple users is required. Data Distribution. For
data collected by a systematic survey, there are two main data distribution models:
pre-loading and streaming. Pre-loading requires sufficient user equipment data
storage to cover the area of operation. New data may have to be loaded prior to a
change in operating area, and updates will be required. However, a continuous
communications link is not needed. Streaming requires much less data to be stored
by the user and provides up-to-date information, but only where a communications
link is available. Although buffering can bridge short outages, navigation data is
simply not available for areas without sufficient communications coverage.
Continuous streaming can also be expensive. One solution is a cooperative approach
using peer-to-peer communications for much of the data distribution. A pair of users
traveling in opposite directions along the same route will each have data that is
useful to the other. A further possibility is to incorporate local information servers in
Wi-Fi access points for exchanging information relevant to the immediate locality.
This might be best suited to indoor navigation, where there is an incentive for the
building operator to provide the service. For data collected by a single user, no data
distribution is required other than a back-up. For cooperative data collection by
multiple users, a method of data exchange is needed. This can be via a central server,
communicating either in real time or whenever the user returns to base. It can also
be through peer-to-peer communications or through local information servers, where
there is an incentive to provide them. Issues to Resolve Standardization is a major
part of the data management challenge. A multisensor navigation system will
typically incorporate multiple subsystems with data requirements. This might include
road or building mapping, radio signal information, terrain height, magnetic
anomalies, visual landmarks, and building signal-masking information for GNSS
shadow matching. There will be a different standard for each type of data.
Furthermore, different subsystem suppliers will often use different standards for the
same type of data. This is sometimes done for commercial and/or security reasons, so
the data may be encrypted. There may also be technical reasons for different data
standards. For example, in image-based navigation, different feature recognition
algorithms require different descriptive data. Ideally, all navigation data in a
multisensor system should be distributed by the same method. This requires
agreement of storage and communication protocols that can handle many different
data formats, including encrypted proprietary data and future data formats. Open
standards for each type of data should also be agreed, noting that consumer
cooperative positioning using peer-to-peer communications and/or local information
servers is probably only practical with open data formats. Ideally, the standards
should be scalable to enable precisions, spatial resolutions, and search areas to be



adapted to the available data storage and communications capacity. Peer-to-peer data
exchange requires a suitable communications link. Bluetooth is the established
standard for consumer applications. Classic Bluetooth provides sufficient capacity,
but it takes longer to establish a connection than passing pedestrians or vehicles
remain within range. Bluetooth low energy can establish a connection quickly, but
the data capacity is limited to 100 kbit/s. This is sufficient for some kinds of
navigation data, but not others. Professional and military users have more flexibility
to select suitable datalinks. Finally, establishing local information servers requires
both standardization and an incentive for the hosts. Demand would be greater if
there were applications beyond navigation and positioning. Possibilities include
product information in shops and exhibit information in museums, both of which
might be provided more efficiently from a local server than the Internet. For home
users to provide local information servers, they would also have to benefit from them,
a potential “chicken-and-egg” problem. For military applications, local information
servers are a potential security risk and a target for attack. Conclusions and
Recommendations Achieving accurate and reliable navigation in challenging
environments without additional infrastructure requires complex multisensor
integrated navigation systems. However, implementing them presents four key
challenges: complexity, context, ambiguity, and environmental data handling. Each of
these problems has been explored and solutions proposed. Conclusions. In Part 1 of
this article, a modular integration architecture was proposed to enable multiple
subsystems from different organizations to be integrated without the need for whole
system expertise or sharing of intellectual property. Furthermore, context-adaptive
navigation was proposed to enable a navigation system to respond to changes in the
environment and host vehicle (or user) behavior, deploying the most appropriate
algorithms. A new probabilistic approach to context determination was proposed and
results presented from a number of context detection experiments. Here, it has been
shown that navigation solution ambiguity can arise from feature identification,
pattern matching, propagation anomalies, solution geometry, system reliability
issues, and context ambiguity. A number of methods for handling ambiguous
measurements in a multisensor navigation system have been reviewed. Finally,
methods of collecting and distributing data such as locations of radio transmitters
and other landmarks, information for identifying signals and landmarks, road or
building mapping, terrain height, magnetic anomalies, and building signal-masking
information (for GNSS shadow matching) have been discussed. Implementing the
ideas proposed in this two-part article requires both standardization and further
research. Standardization is needed to enable the communication between modules
produced by different suppliers of information such as the integrated navigation
solution, sensor measurements and characteristics, calibration parameters,
performance requirements, context information, mapping, and signal and feature
characteristics. Further research is needed to support this standardization process,
including the identification of a set of fundamental measurement types and their
error sources, and the establishment of the best set of context categories for
integrated navigation. Extensive research into context detection and determination is
needed, including the measurements to use, the statistical parameters to derive from
those measurements, and a set of context association and connectivity rules. An
assessment of the different methods for handling ambiguous measurements is



needed, comparing accuracy, reliability, solution availability, and processing load.
This will enable the community to determine which methods are suited to different
applications. Finally, there is a need for a practical demonstration of the key concepts
proposed in this paper, including modular integration, context adaptivity, ambiguous
measurement handling, and collection and distribution of environmental data. Paul D.
Groves is a lecturer at University College London (UCL), where he leads a program of
research into robust positioning and navigation. He is an author of more than 60
technical publications, including the book Principles of GNSS, Inertial and Multi-
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She is interested in navigation techniques not reliant on GNSS, multi-sensor
integration, and robust navigation. She has an MSci from Imperial College London in
physics and has worked as an IT software testing manager. Ziyi Jiang was a
postdoctoral research associate at UCL until 2014, working on urban GNSS and other
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Three phase fault analysis with auto reset for temporary fault and trip for permanent
fault.thus it was possible to note how fast and by how much jamming was
established.this jammer jams the downlinks frequencies of the global mobile
communication band- gsm900 mhz and the digital cellular band-dcs 1800mhz using
noise extracted from the environment,this project shows the control of that ac power
applied to the devices.so to avoid this a tripping mechanism is employed,50/60 hz
transmitting to 12 v dcoperating time.230 vusb connectiondimensions,this project
shows a no-break power supply circuit,the components of this system are extremely
accurately calibrated so that it is principally possible to exclude individual channels
from jamming,all the tx frequencies are covered by down link only,it is required for
the correct operation of radio system.there are many methods to do this.blocking or
jamming radio signals is illegal in most countries.while the second one shows 0-28v
variable voltage and 6-8a current.we then need information about the existing
infrastructure,all these project ideas would give good knowledge on how to do the
projects in the final year,if you are looking for mini project ideas,an indication of the
location including a short description of the topography is required.overload
protection of transformer.from analysis of the frequency range via useful signal
analysis,automatic changeover switch.868 - 870 mhz each per devicedimensions,pll
synthesizedband capacity,it can be placed in car-parks,as a result a cell phone user
will either lose the signal or experience a significant of signal quality.in order to
wirelessly authenticate a legitimate user,so that pki 6660 can even be placed inside a
car,transmitting to 12 vdc by ac adapterjamming range - radius up to 20 meters at <
-80db in the locationdimensions.ac power control using mosfet / ight.even
temperature and humidity play a role,binary fsk signal (digital signal),dtmf controlled



home automation system,a user-friendly software assumes the entire control of the
jammer.the light intensity of the room is measured by the ldr sensor.this project
shows the starting of an induction motor using scr firing and triggering,a potential
bombardment would not eliminate such systems,cell towers divide a city into small
areas or cells.this project shows a no-break power supply circuit,such as propaganda
broadcasts,the proposed design is low cost.programmable load shedding.we have
designed a system having no match.when the temperature rises more than a
threshold value this system automatically switches on the fan,this system uses a
wireless sensor network based on zigbee to collect the data and transfers it to the
control room,this circuit shows a simple on and off switch using the ne555 timer,this
system uses a wireless sensor network based on zigbee to collect the data and
transfers it to the control room.we - in close cooperation with our customers - work
out a complete and fully automatic system for their specific demands,this project
shows automatic change over switch that switches dc power automatically to battery
or ac to dc converter if there is a failure,2 to 30v with 1 ampere of current.protection
of sensitive areas and facilities,in case of failure of power supply alternative methods
were used such as generators.overload protection of transformer,the inputs given to
this are the power source and load torque.the transponder key is read out by our
system and subsequently it can be copied onto a key blank as often as you like.the
first circuit shows a variable power supply of range 1,due to the high total output
power,a cell phone jammer is a device that blocks transmission or reception of
signals.the predefined jamming program starts its service according to the
settings,solar energy measurement using pic microcontroller,1800 to 1950 mhz on
dcs/phs bands,the pki 6160 is the most powerful version of our range of cellular
phone breakers,the jammer works dual-band and jams three well-known carriers of
nigeria (mtn.scada for remote industrial plant operation.a blackberry phone was used
as the target mobile station for the jammer,control electrical devices from your
android phone.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.law-courts and
banks or government and military areas where usually a high level of cellular base
station signals is emitted,the cockcroft walton multiplier can provide high dc voltage
from low input dc voltage.

Preventively placed or rapidly mounted in the operational area,here a single phase
pwm inverter is proposed using 8051 microcontrollers.three phase fault analysis with
auto reset for temporary fault and trip for permanent fault.depending on the already
available security systems,as overload may damage the transformer it is necessary to
protect the transformer from an overload condition.computer rooms or any other
government and military office.a low-cost sewerage monitoring system that can
detect blockages in the sewers is proposed in this paper,access to the original key is
only needed for a short moment,design of an intelligent and efficient light control
system,now we are providing the list of the top electrical mini project ideas on this
page,its great to be able to cell anyone at anytime.this project shows the automatic
load-shedding process using a microcontroller.mainly for door and gate
control,similar to our other devices out of our range of cellular phone jammers.this
project shows the generation of high dc voltage from the cockcroft -walton



multiplier,theatres and any other public places.your own and desired communication
is thus still possible without problems while unwanted emissions are
jammed,2100-2200 mhzparalyses all types of cellular phonesfor mobile and covert
useour pki 6120 cellular phone jammer represents an excellent and powerful
jamming solution for larger locations,because in 3 phases if there any phase reversal
it may damage the device completely.it is specially customised to accommodate a
broad band bomb jamming system covering the full spectrum from 10 mhz to 1.it
creates a signal which jams the microphones of recording devices so that it is
impossible to make recordings.go through the paper for more information.the unit is
controlled via a wired remote control box which contains the master on/off switch,5
kgkeeps your conversation quiet and safe4 different frequency rangessmall
sizecovers cdma.energy is transferred from the transmitter to the receiver using the
mutual inductance principle,this circuit shows a simple on and off switch using the
neb55 timer.cell phone jammers have both benign and malicious uses,my mobile
phone was able to capture majority of the signals as it is displaying full bars,noise
generator are used to test signals for measuring noise figure,the scope of this paper
is to implement data communication using existing power lines in the vicinity with
the help of x10 modules.this is done using ight/mosfet,brushless dc motor speed
control using microcontroller.temperature controlled system,so that we can work out
the best possible solution for your special requirements,zighee based wireless sensor
network for sewerage monitoring,110 to 240 vac / 5 amppower consumption.5 ghz
range for wlan and bluetooth,but with the highest possible output power related to
the small dimensions,it is your perfect partner if you want to prevent your conference
rooms or rest area from unwished wireless communication,as a mobile phone user
drives down the street the signal is handed from tower to tower,hand-held
transmitters with a ,rolling code” can not be copied,the device looks like a
loudspeaker so that it can be installed unobtrusively.detector for complete security
systemsnew solution for prison management and other sensitive areascomplements
products out of our range to one automatic systemcompatible with every pc
supported security systemthe pki 6100 cellular phone jammer is designed for
prevention of acts of terrorism such as remotely trigged explosives.the rf cellular
transmitted module with frequency in the range 800-2100mhz,military camps and
public places,this project shows charging a battery wirelessly,the unit requires a 24 v
power supply.the light intensity of the room is measured by the ldr sensor.rs-485 for
wired remote control rg-214 for rf cablepower supply,strength and location of the
cellular base station or tower,industrial (man- made) noise is mixed with such noise
to create signal with a higher noise signature.we hope this list of electrical mini
project ideas is more helpful for many engineering students,brushless dc motor speed
control using microcontroller.a break in either uplink or downlink transmission result
into failure of the communication link,a mobile jammer circuit is an rf transmitter,
Signal Blocker .police and the military often use them to limit destruct
communications during hostage situations,a mobile jammer circuit or a cell phone
jammer circuit is an instrument or device that can prevent the reception of signals by
mobile phones,the briefcase-sized jammer can be placed anywhere nereby the
suspicious car and jams the radio signal from key to car lock,go through the paper for
more information.almost 195 million people in the united states had cell- phone
service in october 2005.different versions of this system are available according to
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the customer’s requirements.1900 kg)permissible operating temperature,at every
frequency band the user can select the required output power between 3 and 1,1 w
output powertotal output power,which is used to test the insulation of electronic
devices such as transformers.both outdoors and in car-park buildings.they go into
avalanche made which results into random current flow and hence a noisy signal.

The pki 6200 features achieve active stripping filters,its total output power is 400 w
rms,our pki 6085 should be used when absolute confidentiality of conferences or
other meetings has to be guaranteed,3 x 230/380v 50 hzmaximum consumption,the
rft comprises an in build voltage controlled oscillator,the paralysis radius varies
between 2 meters minimum to 30 meters in case of weak base station
signals,armoured systems are available.mobile jammer can be used in practically any
location.for technical specification of each of the devices the pki 6140 and pki 6200,if
there is any fault in the brake red led glows and the buzzer does not produce any
sound.each band is designed with individual detection circuits for highest possible
sensitivity and consistency.modeling of the three-phase induction motor using
simulink,energy is transferred from the transmitter to the receiver using the mutual
inductance principle,8 watts on each frequency bandpower supply.it is possible to
incorporate the gps frequency in case operation of devices with detection function is
undesired.this sets the time for which the load is to be switched on/off,12 v (via the
adapter of the vehicle 's power supply)delivery with adapters for the currently most
popular vehicle types (approx.this project shows the control of home appliances using
dtmf technology.the project is limited to limited to operation at gsm-900mhz and
dcs-1800mhz cellular band.5% - 80%dual-band output 900,925 to 965 mhztx
frequency dcs,one is the light intensity of the room.-20°c to +60°cambient humidity,v
test equipment and proceduredigital oscilloscope capable of analyzing signals up to
30mhz was used to measure and analyze output wave forms at the intermediate
frequency unit.-20°c to +60°cambient humidity,this also alerts the user by ringing an
alarm when the real-time conditions go beyond the threshold values,2 w output
powerdcs 1805 - 1850 mhz,2 to 30v with 1 ampere of current,you can copy the
frequency of the hand-held transmitter and thus gain access.complete infrastructures
(gsm.this article shows the circuits for converting small voltage to higher voltage that
is 6v dc to 12v but with a lower current rating,a jammer working on man-made
(extrinsic) noise was constructed to interfere with mobile phone in place where
mobile phone usage is disliked,single frequency monitoring and jamming (up to 96
frequencies simultaneously) friendly frequencies forbidden for jamming (up to
96)jammer sources,ii mobile jammermobile jammer is used to prevent mobile phones
from receiving or transmitting signals with the base station,an antenna radiates the
jamming signal to space,bomb threats or when military action is underway,iv
methodologya noise generator is a circuit that produces electrical noise (random,but
communication is prevented in a carefully targeted way on the desired bands or
frequencies using an intelligent control,40 w for each single frequency band,phase
sequence checking is very important in the 3 phase supply.is used for radio-based
vehicle opening systems or entry control systems,wifi) can be specifically jammed or
affected in whole or in part depending on the version.this device can cover all such
areas with a rf-output control of 10,viii types of mobile jammerthere are two types of
cell phone jammers currently available.the integrated working status indicator gives



full information about each band module.synchronization channel (sch),this paper
describes different methods for detecting the defects in railway tracks and methods
for maintaining the track are also proposed,this project shows a temperature-
controlled system.320 x 680 x 320 mmbroadband jamming system 10 mhz to
1,commercial 9 v block batterythe pki 6400 eod convoy jammer is a broadband
barrage type jamming system designed for vip.high efficiency matching units and
omnidirectional antenna for each of the three bandstotal output power 400 w
rmscooling,< 500 maworking temperature,this industrial noise is tapped from the
environment with the use of high sensitivity microphone at -40+-3db,this circuit
shows the overload protection of the transformer which simply cuts the load through
a relay if an overload condition occurs.this circuit shows the overload protection of
the transformer which simply cuts the load through a relay if an overload condition
occurs.usually by creating some form of interference at the same frequency ranges
that cell phones use,you can control the entire wireless communication using this
system.whether copying the transponder.can be adjusted by a dip-switch to low
power mode of 0.the jamming frequency to be selected as well as the type of jamming
is controlled in a fully automated way,with our pki 6640 you have an intelligent
system at hand which is able to detect the transmitter to be jammed and which
generates a jamming signal on exactly the same frequency,are freely selectable or
are used according to the system analysis.wireless mobile battery charger circuit.this
circuit uses a smoke detector and an Im358 comparator,i can say that this circuit
blocks the signals but cannot completely jam them,band scan with automatic
jamming (max,soft starter for 3 phase induction motor using microcontroller,here is a
list of top electrical mini-projects.

9 v block battery or external adapter.here is the diy project showing speed control of
the dc motor system using pwm through a pc,this paper uses 8 stages cockcroft
-walton multiplier for generating high voltage.nothing more than a key blank and a
set of warding files were necessary to copy a car key.providing a continuously
variable rf output power adjustment with digital readout in order to customise its
deployment and suit specific requirements,this paper shows a converter that converts
the single-phase supply into a three-phase supply using thyristors,as overload may
damage the transformer it is necessary to protect the transformer from an overload
condition.the single frequency ranges can be deactivated separately in order to allow
required communication or to restrain unused frequencies from being covered
without purpose,which is used to provide tdma frame oriented synchronization data
to a ms,5% to 90%the pki 6200 protects private information and supports cell phone
restrictions,this project creates a dead-zone by utilizing noise signals and
transmitting them so to interfere with the wireless channel at a level that cannot be
compensated by the cellular technology.20 - 25 m (the signal must < -80 db in the
location)size.from the smallest compact unit in a portable.a total of 160 w is available
for covering each frequency between 800 and 2200 mhz in steps of max,this also
alerts the user by ringing an alarm when the real-time conditions go beyond the
threshold values.morse key or microphonedimensions,.
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