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Permanent Link to Innovation: Checking the accuracy of an inertial-based pedestrian
navigation system with a drone
2021/05/19
I’m Walking Here! INNOVATION INSIGHTS with Richard Langley OVER THE
YEARS, many philosophers tried to describe the phenomenon of inertia but it was
Newton, in his Philosophiæ Naturalis Principia Mathematica, who unified the states
of rest and movement in his First Law of Motion. One rendering of this law states:
Every body continues in its state of rest, or of uniform motion in a straight line,
unless it is compelled to change that state by forces impressed upon it. Newton didn’t
actually use the word inertia in describing the phenomenon, but that is how we now
refer to it. In his other two laws of motion, Newton describes how a force (including
that of gravity) can accelerate a body. And as we all know, acceleration is the rate of
change of velocity, and velocity is the rate of change of position. So, if the
acceleration vector of a body can be precisely measured, then a double integration of
it can provide an estimate of the body’s position. That sounds quite straightforward,
but the devil is in the details. Not only do we have to worry about the constants of
integration (or the initial conditions of velocity and position), but also the direction of
the acceleration vector and its orthogonal components. Nevertheless, the first
attempts at mechanizing the equations of motion to produce what we call an inertial
measurement unit or IMU were made before and during World War II to guide
rockets. Nowadays, IMUs typically consist of three orthogonal accelerometers and
three orthogonal rate-gyroscopes to provide the position and orientation of the body
to which it is attached. And ever since the first units were developed, scientists and
engineers have worked to miniaturize them. We now have micro-electro-mechanical
systems (or MEMS) versions of them so small that they can be housed in small
packages with dimensions of a few centimeters or embedded in other devices. One
problem with IMUs, and with the less-costly MEMS IMUs in particular, is that they
have biases that grow with time. One way to limit these biases is to periodically use
another technique, such as GNSS, to ameliorate their effects. But what if GNSS is
unavailable? Well, in this month’s column we take a look at an ingenious technique
that makes use of how the human body works to develop an accurate pedestrian
navigation system — one whose accuracy has been checked using drone imagery. As
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they might say in New York, “Hey, I’m walking (with accuracy) here!” Satellite
navigation systems have achieved great success in personal positioning applications.
Nowadays, GNSS is an essential tool for outdoor navigation, but locating a user’s
position in degraded and denied indoor environments is still a challenging task.
During the past decade, methodologies have been proposed based on inertial sensors
for determining a person’s location to solve this problem. One such solution is a
personal pedestrian dead-reckoning (PDR) system, which helps in obtaining a
seamless indoor/outdoor position. Built-in sensors measure the acceleration to
determine pace count and estimate the pace length to predict position with heading
information coming from angular sensors such as magnetometers or gyroscopes. PDR
positioning solutions find many applications in security monitoring, personal services,
navigation in shopping centers and hospitals and for guiding blind pedestrians.
Several dead-reckoning navigation algorithms for use with inertial measurement
units (IMUs) have been proposed. However, these solutions are very sensitive to the
alignment of the sensor units, the inherent instrumental errors, and disturbances
from the ambient environment — problems that cause accuracy to decrease over
time. In such situations, additional sensors are often used together with an IMU, such
as ZigBee radio beacons with position estimated from received signal strength. In
this article, we present a PDR indoor positioning system we designed, tested and
analyzed. It is based on the pace detection of a foot-mounted IMU, with the use of
extended Kalman filter (EKF) algorithms to estimate the errors accumulated by the
sensors. PDR DESIGN AND POSITIONING METHOD Our plan in designing a
pedestrian positioning system was to use a high-rate IMU device strapped onto the
pedestrian’s shoe together with an EKF-based framework. The main idea of this
project was to use filtering algorithms to estimate the errors (biases) accumulated by
the IMU sensors. The EKF is updated with velocity and angular rate measurements
by zero-velocity updates (ZUPTs) and zero-angular-rate updates (ZARUs) separately
detected when the pedestrian’s foot is on the ground. Then, the sensor biases are
compensated with the estimated errors. Therefore, the frequent use of ZUPT and
ZARU measurements consistently bounds many of the errors and, as a result, even
relatively low-cost sensors can provide useful navigation performance. The PDR
framework, developed in a Matlab environment, consists of five algorithms: Initial
alignment that calculates the initial attitude with the static data of accelerometers
and magnetometers during the first few minutes. IMU mechanization algorithm to
compute the navigation parameters (position, velocity and attitude). Pace detection
algorithm to determine when the foot is on the ground; that is, when the velocity and
angular rates of the IMU are zero. ZUPT and ZARU, which feed the EKF with the
measured errors when pacing is detected. EFK estimation of the errors, providing
feedback to the IMU mechanization algorithm. INITIAL ALIGNMENT OF IMU
SENSOR The initial alignment of an IMU sensor is accomplished in two steps:
leveling and gyroscope compassing. Leveling refers to getting the roll and pitch using
the acceleration, and gyroscope compassing refers to obtaining heading using the
angular rate. However, the bias and noise of gyroscopes are larger than the value of
the Earth’s rotation rate for the micro-electro-mechanical system (MEMS) IMU, so
the heading has a significant error. In our work, the initial alignment of the MEMS
IMU is completed using the static data of accelerometers and magnetometers during
the first few minutes, and a method for heading was developed using the



magnetometers. PACE-DETECTION PROCESS When a person walks, the movement
of a foot-mounted IMU can be divided into two phases. The first one is the swing
phase, which means the IMU is on the move. The second one is the stance phase,
which means the IMU is on the ground. The angular and linear velocity of the foot-
mounted IMU must be very close to zero in the stance phase. Therefore, the angular
and linear velocity of the IMU can be nulled and provided to the EKF. This is the
main idea of the ZUPT and ZARU method. There are a few algorithms in the
literature for step detection based on acceleration and angular rate. In our work, we
use a multi-condition algorithm to complete the pace detection by using the outputs
of accelerometers and gyroscopes. As the acceleration of gravity, the magnitude of
the acceleration ( |αk|  ) for epoch k must be between two thresholds. If �(1) then,
condition 1 is   �(2) with units of meters per second squared. The acceleration
variance must also be above a given threshold. With   �(3) where   is a mean
acceleration value at time k, and s is the size of the averaging window (typically, s =
15 epochs), the variance is computed by: .�  (4) The second condition, based on the
standard deviation of the acceleration, is computed by: .�  (5) The magnitude of the
angular rate ( ) given by:   �(6) must be below a given threshold:   .�  (7) The three
logical conditions must be satisfied at the same time, which means logical ANDs are
used to combine the conditions: C = C1 & C2 & C3.�  (8) The final logical result is
obtained using a median filter with a neighboring window of 11 samples. A logical 1
denotes the stance phase, which means the instrumented-foot is on the ground.
EXPERIMENTAL RESULTS The presented method for PDR navigation was tested in
both indoor and outdoor environments. For the outdoor experiment (the indoor test is
not reported here), three separate tests of normal, fast and slow walking speeds with
the IMU attached to a person’s foot (see FIGURE 1) were conducted on the roof of
the Institute of Space Science and Technology building at Nanchang University (see
FIGURE 2). The IMU was configured to output data at a sampling rate of 100 Hz for
each test. �FIGURE 1. IMU sensor and setup. (Image: Authors) FIGURE 2.
Experimental environment. (Image: Authors) For experimental purposes, the user
interface was prepared in a Matlab environment. After collection, the data was
processed according to our developed indoor pedestrian dead-reckoning system. The
processing steps were as follows: Setting the sampling rate to 100 Hz; setting initial
alignment time to 120 seconds; downloading the IMU data and importing the
collected data at the same time; selecting the error compensation mode (ZARU +
ZUPT as the measured value of the EKF); downloading the actual path with a real
measured trajectory with which to compare the results (in the indoor-environment
case). For comparison of the IMU results in an outdoor environment, a professional
drone was used (see FIGURE 3) to take a vertical image of the test area (see FIGURE
4). Precise raster rectification of the image was carried out using Softline’s C-GEO
v.8 geodetic software. This operation is usually done by loading a raster-image file
and entering a minimum of two control points (for a Helmert transformation) or a
minimum of three control points (for an affine transformation) on the raster image for
which object space coordinates are known. These points are entered into a table.
After specifying a point number, appropriate coordinates are fetched from the
working set. Next, the points in the raster image corresponding to the entered
control points are indicated with a mouse. FIGURE 3. Professional drone. (Photo: DJI)
For our test, we measured four ground points using a GNSS receiver (marked in



black in Figure 4), to be easily recognized on the raster image (when zoomed in). A
pre-existing base station on the roof was also used. To compute precise static
GPS/GLONASS/BeiDou positions of the four ground points, we used post-processing
software. During the GNSS measurements, 16 satellites were visible. After post-
processing of the GNSS data, the estimated horizontal standard deviation for all
points did not exceed 0.01 meters. The results were transformed to the UTM (zone
50) grid system. For raster rectification, we used the four measured terrain points as
control points. After the Helmert transformation process, the final coordinate fitting
error was close to 0.02 meters. �FIGURE 4. IMU PDR (ZUPT + ZARU) results on
rectified raster image. (Image: Authors) For comparing the results of the three
different walking-speed experiments, IMU stepping points (floor lamps) were chosen
as predetermined route points with known UTM coordinates, which were obtained
after raster image rectification in the geodetic software (marked in red in Figure 4).
After synchronization of the IMU (with ZUPT and ZARU) and precise image
rectification, positions were determined and are plotted in Figure 4. The trajectory
reference distance was 15.1 meters. PDR positioning results of the slow-walking test
with ZARU and ZUPT corrections were compared to the rectified raster-image
coordinates. The coordinate differences are presented in FIGURE 5 and TABLE 1.
�FIGURE 5. Differences in the coordinates between the IMU slow-walking positioning
results and the rectified raster-image results. (Chart: Authors)   Table 1. Summary of
coordinate differences between the IMU slow-walking positioning results and the
rectified raster-image results. (Data: Authors) The last two parts of the experiment
were carried out to test normal and fast walking speeds. The comparisons of the IMU
positioning results to the “true” positions extracted from the calibrated raster image
are presented in FIGURES 6 and 7 and TABLES 2 and 3. �FIGURE 6. Differences in
the coordinates between the IMU normal-walking positioning results and the rectified
raster-image results. (Chart: Authors) �FIGURE 7. Differences in the coordinates
between the IMU fast-walking positioning results and the rectified raster-image
results. (Chart: Authors) Table 2. Summary of coordinate differences between the
IMU normal-walking positioning results and the rectified raster-image results. (Data:
Authors) Table 3. Summary of coordinate differences between the IMU fast-walking
positioning results and the rectified raster-image results. (Data: Authors) From the
presented results, we can observe that the processed data of the 100-Hz IMU device
provides a decimeter-level of accuracy for all cases. The best results were achieved
with a normal walking speed, where the positioning error did not exceed 0.16 meters
(standard deviation). It appears that the sampling rate of 100 Hz makes the system
more responsive to the authenticity of the gait. However, we are aware that the test
trajectory was short, and that, due to the inherent drift errors of accelerometers and
gyroscopes, the velocity and positions obtained by these sensors may be reliable only
for a short period of time. To solve this problem, we are considering additional IMU
position updating methods, especially for indoor environments. CONCLUSIONS We
have presented results of our inertial-based pedestrian navigation system (or PDR)
using an IMU sensor strapped onto a person’s foot. An EKF was applied and updated
with velocity and angular rate measurements from ZUPT and ZARU solutions. After
comparing the ZUPT and ZARU combined final results to the coordinates obtained
after raster-image rectification using a four-control-point Helmert transformation, the
PDR positioning results showed that the accuracy error of normal walking did not



exceed 0.16 meters (at the one-standard-deviation level). In the case of fast and slow
walking, the errors did not exceed 0.20 meters and 0.32 meters (both at the one-
standard-deviation level), respectively (see Table 4 for combined results). Table 4.
Summary of coordinate differences between the IMU slow-, normal- and fast-walking
positioning results and the rectified raster-image results. (Data: Authors) The three
sets of experimental results showed that the proposed ZUPT and ZARU combination
is suitable for pace detection; this approach helps to calculate precise position and
distance traveled, and estimate accumulated sensor error. It is evident that the
inherent drift errors of accelerometers and gyroscopes, and the velocity and position
obtained by these sensors, may only be reliable for a short period of time. To solve
this problem, we are considering additional IMU position-updating methods,
especially in indoor environments. Our work is now focused on obtaining absolute
positioning updates with other methods, such as ZigBee, radio-frequency
identification, Wi-Fi and image-based systems. ACKNOWLEDGMENTS The work
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The continuity function of the multi meter was used to test conduction
paths,brushless dc motor speed control using microcontroller,this project shows the
starting of an induction motor using scr firing and triggering,there are many methods
to do this,key/transponder duplicator 16 x 25 x 5 cmoperating voltage,15 to 30
metersjamming control (detection first),40 w for each single frequency band,ix
conclusionthis is mainly intended to prevent the usage of mobile phones in places
inside its coverage without interfacing with the communication channels outside its
range,this project shows the automatic load-shedding process using a
microcontroller.when the temperature rises more than a threshold value this system
automatically switches on the fan,phase sequence checking is very important in the 3
phase supply.nothing more than a key blank and a set of warding files were
necessary to copy a car key,cell phone jammers have both benign and malicious
uses,the pki 6025 looks like a wall loudspeaker and is therefore well camouflaged,this
was done with the aid of the multi meter,5 kgadvanced modelhigher output
powersmall sizecovers multiple frequency band.this mobile phone displays the



received signal strength in dbm by pressing a combination of alt_nmll keys,all mobile
phones will automatically re- establish communications and provide full service.this
combined system is the right choice to protect such locations.this project shows
automatic change over switch that switches dc power automatically to battery or ac
to dc converter if there is a failure,this paper describes the simulation model of a
three-phase induction motor using matlab simulink.cell phones within this range
simply show no signal.
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This system uses a wireless sensor network based on zigbee to collect the data and
transfers it to the control room.it is required for the correct operation of radio
system,disrupting a cell phone is the same as jamming any type of radio
communication,a blackberry phone was used as the target mobile station for the
jammer,this sets the time for which the load is to be switched on/off,it creates a
signal which jams the microphones of recording devices so that it is impossible to
make recordings.for technical specification of each of the devices the pki 6140 and
pki 6200,frequency correction channel (fcch) which is used to allow an ms to
accurately tune to a bs,as many engineering students are searching for the best
electrical projects from the 2nd year and 3rd year,this provides cell specific
information including information necessary for the ms to register atthe
system,today´s vehicles are also provided with immobilizers integrated into the keys



presenting another security system,our pki 6120 cellular phone jammer represents
an excellent and powerful jamming solution for larger locations.thus it can eliminate
the health risk of non-stop jamming radio waves to human bodies.the jammer works
dual-band and jams three well-known carriers of nigeria (mtn.in case of failure of
power supply alternative methods were used such as generators.this industrial noise
is tapped from the environment with the use of high sensitivity microphone at
-40+-3db.when the brake is applied green led starts glowing and the piezo buzzer
rings for a while if the brake is in good condition,automatic telephone answering
machine,a cell phone works by interacting the service network through a cell tower
as base station,phase sequence checking is very important in the 3 phase
supply,programmable load shedding..
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New 6v 200ma rectifier electro dynamic loud speaker ppi-062-ul ac adapter,19v ac
power adapter liquid video a170e1-xx1 17in lcd monitor.ac adapter power cord
battery charger 90w 19v 4.74a hp part numb,acer lc.adt00.006 1.58a 30w
5.5mm.rain bird 25.5v ac 650ma ac adapter power supply transformer for sst indoor
irrigation controllers item details vint..
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Delta eadp48gba ac adapter 12v/4a -(+) 2.5x5.5 used round barrel,panasonic
taz4cd0501f ac adapter 12vdc 4.58a -( )- 3x6.5mm 100-2,65w ac adapter charger for
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hp pavilion zt3000 ze2000 ze4900,radio shack ac adapter ad-600 120v dc 60ma 9v
60hz brand: radio shack type: ac adapter model: jod-41u-02 mpn: j,.
Email:86l_XCyjJD@aol.com
2021-05-13
Panasonic cf-aa1633ae 16v 3.75a 60w replacement ac adapter,new! ibm thinkpad x60
x61 heatsink fan 42x3805 mcf-w03pam05,14v 3a samsung syncmaster s22b150n
s22b150b led lcd ac adapter,new getac m230n m230 x500 toughbook laptop pc
power ac/dc adapter.nexxtech 2731758n ac adapter 6v dc 300ma new
2.5x5x12.2mm,new blackberry psm04a-050rim hdw-17955-001 5v 700ma usb ac
power supply adapter.hitron aps hes51-16031 ac adapter 16v 3.1a power supply,light
corp ibis ac adapter used 2pin din 7mm round connector pro..
Email:Gv_HYH6@gmail.com
2021-05-13
Condor wp05120i ac adapter 12v dc 500ma power supply,technics teac-41-071500u
ac adapter 7.5vac 1.5a.hp hstn-f02x 5v dc 2a battery charger ipaq rz1700 rx,braun
4728 d7011 base power charger for personal plaque remover.new asus a3a a3e a3v
a4 a7 a7d a7g a7v z8v r20 m9 keyboard spani.hp hp-ok065b13 lf se hp 19v 4.74a 90w
replacement ac adapter,19.5v 7.7a asus g53sx-a1 g53sx-xr1 ac power adapter
charger..
Email:dQ_D8wDLAd@gmx.com
2021-05-10
Esaw 450-31 ac adapter 3,4.5,6,7.5,9-12vdc 300ma switching,sino-american
sal124a-1220v-6 ac adapter 12vdc 1.66a 19.92w new,potrans uwp00511070 ac
adapter 7v 1a,power grid control through pc scada,samsung np900x3a cpu cooling
fan ba31-00100a,panasonic pqlv206 ac adapter 9vdc 350ma phone power supply,.


