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Permanent Link to Innovation: A multi-sensor navigation system for outdoors and
indoors
2021/06/12
Getting the Best in Both Worlds By Karsten Mueller, Jamal Atman, Nikolai
Kronenwett and Gert F. Trommer Innovation Insights with Richard Langley IT
DOESN’T WORK EVERYWHERE. GPS, that is. Unlike many radio broadcasts and the
transmissions from nearby cell-phone towers, the signals from GPS satellites are too
weak to be reliably received indoors. They don’t make it into tunnels either. And even
outdoors, the signals can be blocked by tall buildings and mountains. This is why the
Japanese developed the Quasi-Zenith Satellite System — to provide supplementary
signals when an insufficient number of GPS signals are available in the concrete
canyons of Tokyo and other high-density cities. Even if a GPS signal can be received,
it might be contaminated with multipath interference resulting in a degraded position
solution. While GPS signals can be piped indoors from an antenna on the top of a
building and reradiated, a GPS receiver will give its position as that of the rooftop
antenna and not where it is in the building. While this might be useful for
establishing the approximate whereabouts of the receiver when it’s on a bus in an
underground terminal, for example, and allows the receiver to continue to receive up-
to-date navigation messages providing a quick time-to-first-fix when it leaves the
terminal, it’s far from satisfactory as a general indoor navigation solution. While
there are some improvements in signal reception in degraded environments with
modernized signals from GPS and the other GNSS constellations, in many instances
where we don’t have an unobstructed line-of-sight view of the satellites, GPS alone
won’t cut it. Thankfully, other navigation sensors can be used to supplement or
replace GNSS when the going gets tough for GPS alone. These include, among
others, inertial measurement units, digital compasses, barometric pressure sensors,
cameras and laser rangefinders. But, even with these, is one better than another in
all situations, or do they each have benefits and drawbacks just like GNSS? Would a
system composed of multiple sensors be best? Such considerations are important if
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trying to develop a navigation system that can work well in most any environment
both outdoors and indoors and transition gracefully when moving from one type of
environment to another. This is the problem that confronted a team of researchers
from Germany’s Karlsruhe Institute of Technology when designing a navigation
system to allow a micro aerial vehicle to operate continuously and autonomously in
almost any environment. In this issue’s “Innovation” column, we learn how they went
about it and how well the system worked. Today, micro aerial vehicles (MAVs) are
widely used in outdoor environments. The navigation solution of commercially
available products typically relies on the availability and accuracy of GNSS. To
expand the field of application of MAVs to autonomous operation in indoor
environments, an accurate navigation solution is necessary. Possible scenarios
include the support of rescue forces, surveillance tasks and inspection missions.
Different algorithms using camera or laser rangefinder measurements for indoor
navigation can provide accurate results. However, application of these algorithms is
typically limited to indoor scenarios and will not provide accurate results in outdoor
environments. Another drawback of these approaches is that absolute positioning is
not achieved. Hence, we sought a navigation system for outdoor and indoor
environments that combines the beneficial properties of outdoor and indoor
navigation systems. Such a navigation system should provide an accurate navigation
solution both outdoors and indoors, as well as during transition phases from outdoor
to indoor and vice versa. THE PROBLEM Several challenges arise when combining
multiple sensors in a single navigation system due to specific sensor characteristics.
While an accurate navigation solution is obtained by an inertial navigation system
with GNSS aiding in open-sky environments, urban canyons and indoor environments
degrade the quality of GNSS signals or lead to GNSS outages such that no accurate
navigation solution is available. On the other hand, laser rangefinder measurements
allow for the generation of accurate relative measurements indoors. However, due to
the limited range of the laser rangefinder, no or only a few measurements are
available outdoors away from buildings. Obviously, it is best to exploit the
complementary characteristics of both sensors. To avoid losing information, hard
switching between two different navigation systems is undesirable. Hence, two main
challenges arise: Accurate time synchronization is necessary when processing
measurements from different sensors. A method has to be developed for the decision
on whether a measurement should be processed or rejected. Moreover, for aerial
vehicles, two more requirements must be met: Estimation of the 3D position and
attitude instead of only the 2D position and heading as provided by 2D simultaneous
localization and mapping (SLAM) approaches. Estimation of the vehicle’s velocity and
inertial measurement unit (IMU) biases. Our goal was to develop a navigation system
that provides an accurate navigation solution for large-scale environments. The
navigation system needed to provide a frequent navigation solution at the update rate
of the IMU with very short delays. The framework needed to seamlessly integrate
GNSS and other sensors such as a laser rangefinder or cameras. Additionally, the
approach could not be limited to a specific sensor setup except for a mandatory GPS
receiver, necessary for absolute positioning. The results presented in the literature
often do not include large-scale, realistic environments. Some investigators only
consider short indoor sequences, while others ignore challenging GNSS conditions.
In contrast, the focus of our approach is on rejecting outlier measurements in



transition zones such as urban-canyon environments occurring between outdoor open
sky and indoor environments. The choice of the navigation system architecture
depends on the requirements of a specific platform. In the case of a quadrotor
helicopter (see FIGURE 1), a high update rate is necessary for vehicle guidance and
control. Therefore, we chose a Kalman-filter-based approach because it has the
advantage over pure SLAM approaches when providing a navigation solution at a
high update rate is required. FIGURE 1. Components of the quadrotor helicopter.
(Photo: K. Mueller, J. Atman, N. Kronenwett & G.F. Trommer) SYSTEM OVERVIEW
We attached several sensors and two processing platforms to the quadrotor
helicopter used in our work. A microcontroller sensor board reads the sensor values
from the IMU, digital compass, air pressure sensor and a GPS-only GNSS module.
Timestamps are generated for each sensor data type so that accurate synchronization
is provided even when delays occur, such as when processing the sensor data. The
IMU is mounted close to the center of the vehicle. The air pressure sensor is directly
attached to the sensor board, while the three-axis digital compass is attached to the
quadrotor’s landing skid to avoid interfering magnetic fields from power electronics.
The GPS receiver provides pseudorange and Doppler measurements at a rate of 10
Hz. Moreover, ephemeris data for each satellite and Klobuchar ionospheric
parameters are recorded to correct the measurements. Each second, a time pulse is
generated by the receiver to precisely determine the time when GPS measurements
were taken. Additionally, the time pulse is used to estimate the drift of the real-time
clock (RTC) on the sensor board and, therefore, to provide more accurate
timestamps. A two-dimensional laser rangefinder is mounted on top of the helicopter.
Distance and angular information of objects within a scan angle of 270° is provided
by this sensor. The maximum range is 30 meters. Time synchronization is achieved
through a pulse registered by the microcontroller sensor board before every scan.
The body of the laser rangefinder is shielded using copper foil to reduce interference
with signals received by the GPS antenna. A trigger signal is sent to the camera
mounted at the front of the helicopter to provide time synchronization. However, the
camera was not used for the results presented in this article. An overview of the
sensor setup and time synchronization is depicted in FIGURE 2. The camera and
laser rangefinder data is sent via USB to a powerful computing platform attached to
the bottom carbon-fiber sheet. Time synchronization information and additional
sensor data is sent from the microcontroller sensor board to the computer for
processing the sensor data and calculating the navigation solution. FIGURE 2. Block
diagram showing signal flows among system hardware components. (Photo: K.
Mueller, J. Atman, N. Kronenwett & G.F. Trommer) NAVIGATION SYSTEM The
navigation system presented in this article was developed to provide a navigation
solution in both outdoor and indoor environments. Therefore, processing GPS
position and velocity estimations must be possible, as well as handling of relative
position and heading angle changes resulting from the laser rangefinder scans.
Challenges arise due to the different time delays as illustrated in FIGURE 3. IMU
measurements are available at a high frequency. Messages with the trigger
timestamps are sent from the sensor board to the computer to provide information
about when a GPS or laser measurement was taken. �FIGURE 3 Time sequencing of
measurements and calculations. (Photo: K. Mueller, J. Atman, N. Kronenwett & G.F.
Trommer) The corresponding measurements are available with significant delays.



Since GPS pseudorange and Doppler measurements are not immediately available
and processing requires additional time, the typical delay between the point in time
when the measurement was taken by the receiver and the time when the estimated
position and velocity are available to the navigation filter is between 70 and 90
milliseconds. Even longer delays occur when processing laser rangefinder data. After
processing the laser scans, the horizontal position changes and yaw angle changes
(in this article, denoted as two-dimensional pose change measurements) are available
for analysis. However, these changes are relative to a point in time in the past.
Moreover, due to the processing, additional delay occurs and synchronization with
the correct laser rangefinder trigger signal is required. The requirement to process
measurements with a temporal overlap causes additional complexity, such as having
several GPS measurements that are taken in the time period covered by a pose
change measurement. Error-State Kalman Filter with Stochastic Cloning. An error-
state Kalman filter with 16 states estimates the vehicle’s 3D position, 3D velocity,
attitude, accelerometer and gyroscope biases, and the bias for the barometric
altimeter. The prediction step of the filter consists of integrating the specific force
and angular rate measurements of the IMU. Measurements of the air pressure sensor
and the digital compass have negligible delays, so these measurements are processed
in the Kalman filter update step without compensating for delays. As we mentioned,
the assumption of insignificant delays does not hold for GPS measurements and pose
change measurements. Thus, we implemented stochastic cloning to overcome errors
that would be introduced by delays. The idea of stochastic cloning is to augment the
state vector and covariance matrix by copies of the state and covariance estimates at
a specific point in time. As the augmented covariance matrix contains cross-
correlation terms between the state at a previous time instance and the current state,
processing of delayed measurements corrects the current state and covariance
estimations. Processing GPS Measurements. The first step when processing GPS
measurements is to clone the current filter state. As outlined in the section “System
Overview,” the time pulse generated by the receiver is used to determine the time
when a measurement is taken. Once the pseudorange measurements are available,
corrections are calculated. A weighted least-squares estimation is used to calculate
position and velocity. The weight for each pseudorange measurement is the inverse
of the estimated variance, which is calculated depending on the carrier-to-noise-
density ratio. Weights for Doppler measurements are calculated similarly. To reduce
the errors introduced by satellite signals of low quality, a minimum carrier-to-noise-
density ratio of 33 dB-Hz and a minimum elevation angle of 15° are required for the
satellite signals. In addition to position and velocity, valuable information is drawn
from the estimation: The variance of the calculated position is chosen to be
proportional to the weighted root mean square value of the residuals and the position
dilution of precision (PDOP). The velocity variance is calculated similarly. In case only
four satellites are used, the variance is only proportional to the PDOP as no residuals
are available. The position and velocity estimates are processed by the Kalman filter
using these estimated variances. Moreover, before the filter update step is executed,
the Mahalanobis distance for each measurement is calculated and outliers removed.
Additionally, measurements are not processed if their variance is above a threshold.
This typically occurs in the vicinity of buildings as non-line-of-sight signals are
tracked by the receiver and, therefore, processing these measurements is not



desired. Laser Rangefinder Processing. As described in the previous section,
stochastic cloning is used to treat delayed pose change measurements. To process a
measurement, two cloned states are necessary. A pose change measurement consists
of a relative translation and a rotation, both given in coordinates of the body-
stabilized frame, which is identical to the body frame but compensated for roll and
pitch angles. Hence, the x and y axes of the body-stabilized frame are parallel to the
ground. Several methods could be used for generating pose-change measurements,
such as camera-based approaches, laser rangefinder approaches or hybrid
approaches. In our work, Cartographer, a laser SLAM approach, is used to obtain
horizontal position and yaw angle changes. However, the SLAM module could be
easily replaced by other laser SLAM approaches. As laser SLAM approaches build an
incremental map, the laser’s pose is given with respect to the map frame. Therefore,
the translational and rotational components of the pose-change measurement must
be transformed from the map frame to the body-stabilized frame before being
processed by the Kalman filter. Different options are possible when choosing the first
point in time for a relative measurement (the second point in time is determined by
the most recent laser measurement). We decided to use a keyframe-based aiding
technique. A keyframe is defined and the filter state is cloned accordingly. After the
processing of a laser measurement by the SLAM algorithm, pose estimations given in
map coordinates are transformed to pose change measurements relative to this
keyframe. The keyframe is changed depending on the filter status information as
outlined in the section “Using the Filter Status Information” of this article.
Additionally, the keyframe is changed if the difference between consecutive pose
estimations exceeds a threshold. This indicates an erroneous pose estimation by the
SLAM module as only small pose changes are expected due to the high update rate of
laser scans and the limited velocity of the vehicle. As a result, the influence of errors
in the SLAM module on the navigation solution provided by the Kalman filter is
reduced. FILTER STATUS Above, we described how relative and absolute delayed
measurements are processed in an error-state Kalman filter. However, simply
processing all available measurements will not lead to the best performance of the
filter. For example, the laser SLAM algorithm might not provide accurate and reliable
results in open-sky environments free from human-made structures, as mainly
vegetation is detected by the laser rangefinder. To derive a metric for the decision on
the necessity of integrating additional relative measurements, we provide a
classification scheme based on GPS measurements. The advantage of using only GPS
measurements for the filter status determination is the versatility of the approach: A
GPS module will be available on almost every platform. The laser rangefinder,
however, could be replaced by a camera without modifications in the classification
scheme. Clearly, processing GPS in indoor environments is not an option as no
measurements are available. On the contrary, in outdoor open-sky environments, a
sensor setup comprising GPS, IMU, digital compass and air pressure sensor results in
an accurate navigation solution. Therefore, the interaction of different sensors in
transition phases and urban-canyon environments is the most critical part for an
accurate navigation solution in large-scale environments. The following paragraphs
introduce the classification of single GPS position measurements and the
determination of filter status based on the GPS classification. Classification of Single
GPS Position Measurements. The first step for the filter status determination is the



classification of single GPS position measurements. The categories for a
measurement are very good, good, medium and poor. Two parameters are used for
the classification: the number of satellites used for the position calculation and the
estimated variance. For a very good measurement, at least six satellites are required;
for a good measurement, at least five satellites are necessary. Moreover, thresholds
for the estimated position variance are applied. As the variance is proportional to the
PDOP and the root mean square of the weighted residuals, this means that a very
good or good position measurement must offer a good satellite constellation and
small residuals. Filter Status Determination. The classification of GPS position
measurements is used to calculate a filter status. First, a sum over a time interval of
one second is computed. The number of positions classified as very good are
multiplied by a factor of four, good positions count twice, and the number of medium
positions added without a multiplicative factor. In our setup, 10 position
measurements are available in one second. The final filter status is determined using
two thresholds. If the sum is at least 20, the filter status is “Good GPS.” This means
that five measurements classified as being very good or all 10 measurements
classified as being good would be sufficient for this status. The “Medium GPS” status
is achieved with a sum between 10 and 20. If no valid GPS measurements have been
available over the last five seconds, an additional indoor flag is set, and it is assumed
that the vehicle is now indoors. As soon as GPS position measurements become
available again, the filter status is re-calculated. The parameters for the filter status
are determined empirically and provide robust results for a large variety of scenarios.
However, minor changes of the parameter set to classify single measurements might
be necessary in case a different GNSS hardware setup is used. The resulting filter
status for an example trajectory is shown in FIGURE 4. As expected, GPS is good in
the western part of the trajectory, and the status quickly deteriorates to poor GPS
between the high-rise buildings. Just before entering the building, the status changes
to “Indoor.” After leaving the building and moving north, the filter status changes
mainly between good and medium GPS as signals are blocked due to buildings or
mitigated due to foliage. The end of the trajectory in the eastern part offers better
GPS conditions since the surrounding buildings are smaller and the status changes to
“Good GPS.” FIGURE 4. The filter status changes from “Good GPS” to “Poor GPS” in
the vicinity of high buildings and provides important information on how accurately
the filter is aided by processing GPS measurements. (Photo: K. Mueller, J. Atman, N.
Kronenwett & G.F. Trommer) Using the Filter Status Information. The filter status
provides valuable information when combining GPS and relative measurements. As
outlined in previous sections, the filter status “Good GPS” occurs in open-sky
environments where processing of additional relative measurements does not
improve the navigation solution. Since the laser SLAM solution might be corrupted in
areas without a sufficient number of human-made structures, relative measurements
are not processed while the filter status is “Good GPS.” Additionally, the keyframe is
changed in short time intervals during this status. The reasoning behind this decision
is that it is desired to have a good estimation of the absolute position and orientation
with a low uncertainty at the time a keyframe is chosen. During a period with “Good
GPS” conditions, position estimation typically becomes gradually better. For the same
reason, it is best to retain a keyframe for a long time when the filter status is “Poor
GPS” or “Indoor.” In these scenarios the laser SLAM algorithm provides accurate



results as the environment mostly consists of human-made structures. A drawback
inside buildings is that the Earth’s magnetic field might become distorted, for
example close to elevators. Hence, magnetometer measurements are not processed
when the “Indoor” flag is set. If the status “Medium GPS” is set, GPS and relative
measurements should be weighted equally. The keyframe is retained until a
predefined maximum age is reached or inconsistencies in the SLAM solution are
detected. In contrast to the “Poor GPS” case, the integration of relative
measurements is more pessimistic, and the variance is chosen in the range of the
typical GPS accuracy. This takes into account that a very accurate laser SLAM
solution is not assured. However, the processing of relative measurements improves
position accuracy and avoids the growth of filter state covariance, which is beneficial
for rejecting faulty measurements. Independent of the filter status, GPS
measurements fulfilling the Mahalanobis distance threshold criterion are processed.
RESULTS The results of three trajectories recorded at the campus of the Karlsruhe
Institute of Technology are presented in this section. All trajectories cover outdoor
environments with good GPS signal reception as well as urban-canyon and indoor
sections. Since flying these challenging trajectories was not possible due to legal
reasons and due to small doors that had to be passed through, the quadrotor
helicopter was manually carried. The first trajectory shown in FIGURE 5 starts in an
open-sky environment. At position 1, the footpath goes between two 40-meter
buildings. Hence, GPS satellite signals are blocked and non-line-of-sight signals are
tracked by the receiver that increasingly deteriorate GPS positon and velocity
accuracy. The indoor section starts at position 2. After 30 seconds of indoor
navigation, the trajectory continues north on the sidewalk. On this section, numbered
4 in Figure 5, a six-story building on the left side and a nearby building on the right
side cause medium to poor GPS conditions as was shown in Figure 4. Despite the
difficult conditions, the trajectory follows the footpath correctly. Of course, as no GPS
correction service or satellite-based augmentation system is used, sub-meter level
accuracy is not achieved. At position 2, the trajectory passes along stairs. FIGURE 5.
Trajectory 1 featuring two high buildings of 42-meter height between positions 1 and
2 in the center of the image. After an indoor section the building is left at position 3.
The total time of the trajectory is 394 seconds. (Photo: K. Mueller, J. Atman, N.
Kronenwett & G.F. Trommer) Therefore, accuracy in the north direction is very good.
In the east direction, however, the error is larger as the trajectory should be farther
east within the building. This error remains throughout the indoor section until
position 3, as no GPS position measurement is processed to correct for the error.
After leaving the building, the error in the east direction becomes smaller by
processing accurate GPS position measurements. After heading north on the
sidewalk, the error is within the expected accuracy bounds specified by the GPS
position accuracy. The smoothness of the trajectory after leaving the building shows
that the rejection of GPS position outliers leads to a consistent navigation solution.
The second trajectory is the longest of the three trajectories, covering 400 meters in
9 minutes. The first difficult section is denoted by position 1 in FIGURE 6, when the
vehicle moves between two buildings. The walls of the right building are covered by
metal plates. It looks like the trajectory is very close to the edge of the right building.
However, this effect is from the perspective view of the building in the georeferenced
image. We passed below a canopy at position 2 and entered a building at position 3.



An accurate position solution is available during the long indoor section with multiple
turns. The total time spent indoors was 112 seconds. GPS position measurements
becoming available after leaving the building at position 4 improve the accuracy of
the navigation solution. However, due to the high accuracy of the position estimation
before leaving the building, only small filter innovations occur. The trajectory ends on
the sidewalk near the building identified as number 5. FIGURE 6. Trajectory 2 with a
total duration of 9 minutes. An accurate position estimation is obtained during the
segment with poor GPS signal reception between positions 1 and 2 and during the
indoor section between positions 3 and 4. (Photo: K. Mueller, J. Atman, N.
Kronenwett & G.F. Trommer) Trajectory three, shown in FIGURE 7, is the most
challenging, with position errors exceeding those of the previous two trajectories.
Already at the start of the trajectory, only six GPS satellites can be used for
calculating position and velocity estimates. It is several meters until an accurate
position estimate is available at position 1. Between positions 2 and 3, a section with
buildings up to 56 meters tall results in no accurate GPS position fixes being
available for more than 30 seconds. In this section, the computed trajectory clearly is
several meters too far north. Additionally, at position 2 the heading change is smaller
than 90 degrees, which results in additional drift. Before entering the building at
position 3, GPS position measurements become available and the position is
corrected, reducing the error in the north. After 57 seconds indoors, we exited the
building at position 4. The position solution is still too far north, but is corrected by
additional measurements so that good accuracy is achieved when walking on the
sidewalk. The trajectory ends at its start position. FIGURE 7. Trajectory 3. Poor GPS
conditions due to a building of 56-meter height near the north part of the trajectory
cause position errors. At position 3 accurate GPS measurements are available and
correct the position such that an accurate navigation solution is obtained during the
indoor part part of the trajectory. (Photo: K. Mueller, J. Atman, N. Kronenwett & G.F.
Trommer) CONCLUSION The navigation system presented in this article fuses GPS
measurements and relative pose change measurements to provide an accurate
navigation solution in both outdoor and indoor scenarios. We show that position
errors are small even for challenging scenarios with high buildings and poor GPS
signal reception. Currently, the accuracy in outdoor environments is limited by GPS
accuracy. Further improvements are expected by including additional GNSS such as
GLONASS or Galileo to obtain better satellite geometry, especially in urban-canyon
scenarios. MANUFACTURERS We used a u-blox LEA-M8T GPS receiver, an Analog
Devices ADIS 16448 IMU, a Freescale (now, NXP Semiconductors) MP3H6115A air
pressure sensor, a Honeywell HMC5843 digital compass, an Hokuyo UTM-30LX laser
rangefinder, an IDS UI-3260CP-C-HQ camera, and an Intel Next Unit of Computing
(NUC) platform. We constructed the quadrotor helicopter ourselves. The motors,
motor controllers and landing skid are from MikroKopter, while the carbon fiber
sheets and the sensor board PCB are our own design. We used a Pixhawk 4 flight
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jammer 4g wifi gps module
Xenotronixmhtx-7 nimh battery charger class 2 nickel metal hyd,basler electric
be116230aab 0021 ac adapter 5v 30va plug-in clas.potrans up01011050 ac adapter
5v 2a 450006-1 ite power supply.ault t48121667a050g ac adapter 12v ac 1667ma
33.5w power supply,konica minolta ac-a10n ac adapter 9vdc 0.7a 2x5.5mm +(-)
used,sanyo 51a-2846 ac adapter used +(-) 9vdc 150ma 90degree round ba,the black
shell and portable design make it easy to hidden and use,mastercraft sa41-6a battery
carger 7.2vdc used -(+) power supply.3m 521-01-43 ac adapter 8.5v 470ma used -
working 3 pin plug cla,ssb-0334 adapter used 28vdc 20.5v 1.65a ite power supply
120vac~.cell phones are basically handled two way ratios.cyber acoustics md-75350
ac adapter 7.5vdc 350ma power supply,kenwood dc-4 mobile radio charger 12v dc.li
shin 0226a19150 ac adapter 19vdc 7.89a -(+) 2.5x5.5mm 100-240,preventing them
from receiving signals and …,ault mw117ka ac adapter 5vdc 2a used -(+)- 1.4 x 3.4 x
8.7 mm st.this allows an ms to accurately tune to a bs.frequency band with 40 watts
max.sony ac-l200 ac adapter 8.4vdc 1.7a camcorder power supply.energizer
fps005usc-050050 ac adapter 5vdc 0.5a used 1.5x4mm r.acbel api4ad32 ac adapter
19v 3.42a laptop charger power supply,ault pw173kb1203b01 ac adapter +12vdc
2.5a used -(+) 2.5x5.5mm m,hipro hp-ow135f13 ac adapter 19vdc 7.1a -(+)
2.5x5.5mm used 100-,fixed installation and operation in cars is possible.gnt
ksa-1416u ac adapter 14vdc 1600ma used -(+) 2x5.5x10mm round.oem ads18b-
w120150 ac adapter 12vdc 1.5a -(+)- 2.5x5.5mm i.t.e.,sil vd090030d ac adapter 9vdc
300ma power supply transformer,spi sp036-rac ac adapter 12vdc 3a used 1.8x4.8mm
90° -(+)- 100-2,metro lionville fw 7218m/12 ac adapter 12vdc 1a -(+) used
2x5.5m,pure energy ev4-a ac adapter 1.7vdc 550ma used class 2 battery c,motorola
psm5185a cell phone charger 5vdc 550ma mini usb ac adap.ibm thinkpad 73p4502 ac
dc auto combo adapter 16v 4.55a 72w,sony ac-l10a ac adapter 8.4vdc 1.5a used flat
2pin camera charge.hipower ea11603 ac adapter 18-24v 160w laptop power supply
3x6.5,power solve psg40-12-03 ac adapter 12vdc 3.33a used 3 pin din po,leap frog
690-11213 ac adapter 9vdc 700ma used -(+) 2x5x11mm 90°,sony ac-v55 ac adapter
7.5v 10v dc 1.6a 1.3a 26w power supply.

The present circuit employs a 555 timer.bay networks 950-00148 ac adapter 12v dc
1.2a 30w power supply.motorola ssw-0828 ac adapter 6.25v 350ma cell phone
chargercon.finecom i-mag 120eu-400d-1 ac adapter 12vdc 4a -(+) 1.7x4.8mm 10,cpc
can be connected to the telephone lines and appliances can be controlled easily,ault
pw118 ac adapter 5v 3a i.t.e power supply,a constantly changing so-called next code
is transmitted from the transmitter to the receiver for verification.there are many
methods to do this,#1 jammer (best overall) escort zr5 laser shifter.once i turned on
the circuit,the data acquired is displayed on the pc,oem ad-0760dt ac adapter 7.vdc
600ma new -(+)- 2.1x5.4x10mm,samsung atadm10cbc ac adapter 5v 0.7a usb travel
charger cell ph,hp compaq ppp014h-s ac adapter 19vdc 4.74a used barrel with
pin.artesyn ssl12-7630 ac adapter 12vdc 1.25a -(+) 2x5.5mm used 91-5,quectel
quectel wireless solutions has launched the em20,phihong psc12r-050 ac adapter
5vdc 2a -(+)- 2x5.5mm like new,sunny sys2011-6019 ac adapter 19v 3.15a switching
power supply,dve dsa-0051-03 fus ac adapter 5vdc 0.5a mini usb charger,when the
mobile jammer is turned off,spa026r ac adapter 4.2vdc 700ma used 7.4v 11.1v ite



power supply,sony vgp-ac10v2 ac adapter 10.5vdc 1.9a genuine for vaio mini pc.15 to
30 metersjamming control (detection first).cisco adp-30rb ac adapter 5v 3a 12vdc 2a
12v 0.2a 6pin molex 91-.casio ad-c59200j ac adapter 5.9v dc 2a charger power
supply.has released the bx40c rtk board to support its series of gnss boards and
provide highly accurate and fast positioning services,personal communications
committee of the radio advisory board of canada,archer 23-131a ac adapter 8.1vdc
8ma used direct wall mount plug.ibm 11j8627 ac adapter 19vdc 2.4a laptop power
supply.toshiba pa2444u ac adapter 15vdc 4a 60w original switching powe.jvc aa-v11u
camcorder battery charger.sunbeam bc-1009-ul battery charger 1.4vdc 150ma used
ni-mh aa/aa.cwt paa040f ac adapter 12v dc 3.33a power supply.wowson wde-101cdc
ac adapter 12vdc 0.8a used -(+)- 2.5 x 5.4 x 9.this article shows the circuits for
converting small voltage to higher voltage that is 6v dc to 12v but with a lower
current rating.icc-5-375-8890-01 ac adapter 5vdc .75w used -(+)2x5.5mm
batter.finecom ah-v420u ac adapter 12v 3.5a power supply.

The components of this system are extremely accurately calibrated so that it is
principally possible to exclude individual channels from jamming,sony ac-lm5a ac
adapter 4.2vdc 1.7a used camera camcorder charge.foreen industries ltd. 28-d09-100
ac adapter 9v dc 100ma used 2. gps signal blocker ,so to avoid this a tripping
mechanism is employed,digipower 35d-7.5-400 ac dc adapter 7.5v 400ma power
supply clas.transmitting to 12 vdc by ac adapterjamming range – radius up to 20
meters at < -80db in the locationdimensions,cambridge tead-48-091000u ac adapter
9vdc 1a used 2 x 5.5 x 12mm.creative sy-0940a ac adapter 9vdc 400ma used 2 x 5.5 x
12 mm pow,the light intensity of the room is measured by the ldr sensor,alnor
350402003n0a ac adapter 4.5vdc 200ma used +(-) 2 x 4.8 x 1,slk-0705 ac adapter
4.5vdc 300ma +(-) 1.2x3.5mm cellphone charge,cwt pag0342 ac adapter 5vdc 12v 2a
used 5pins power supply 100-2.outputs obtained are speed and electromagnetic
torque.ibm 09j4298 ac adapter 20vdc 3a 4pin09j4303 thinkpad power sup.kodak
xa-0912 ac adapter 12v dc 700 ma -(+) li-ion battery charg.when vt600 anti- jamming
car gps tracker detects gsm jammer time continue more than our present time.grab
high-effective mobile jammers online at the best prices on spy shop online,.
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starting of an induction motor using scr firing and triggering.gateway2000 adp-45cb
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