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ABSTRACT
This paper presents an improved, accurate data
acquisition from an Inertial Measurement Units
sensor.
The
system
includes
Inertial
Measurement Units Chips included on the board
are: gyroscope, accelerometer and compass can
be mounted on the human body to obtain
information on the human arm movement. Thus,
in this paper, Accelerometer and gyroscope data
were fused using a context enhanced extended
Kalman filter, it was developed to capture
accurate data using Arduino. The filter is
designed based on motion in order to adjust
Kalman filter parameters. In addition, an
automated approach is introduced to estimate
the variance of the noise of the sensors during
the operation. Considering motion context and
automatic noise detection, the robustness of
monitoring is enhanced against errors related to
motion context i.e., high acceleration and long
term motions. The proposed method is compared
with the conventional method using experiments.
It is found that the proposed model method
reduces the accumulative orientation estimation
errors and is useful for virtual reality system.
.Keywords— Inertial Measurement Units Sensor,
Kalman
Filter,
Accelerometer,Gyroscope.
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I. INTRODUCTION
Orientation tracking and human hand orientation
have an important role in medical and military
applications. IMU sensors are a technology used for
observing the orientation of bodies so they are used
in real-time motion tracking systems to track the
location of the body. IMU sensors have a small size
and a low weight and they are used to detect physical
quantities of the moving object without the effect of
external environment lighting or friction. “Micro-

Electro-Mechanical-System (MEMS) based IMU
sensors are a popular type of sensors in many fields
and applications such as wearable application for
detection and tracking due to their miniature size,
low power consumption, and light [1-3]. In another
way, the use of sensors has transformed robots into
machines that can easily interact with humans in the
real-life situation. As such, studies indicate that
understanding robot operating system is a significant
aspect in understanding the mechanical manipulation
of such systems. In addition, understanding aspects
such as movement of a robot joint has contributed to
the development of knowledge regarding human
movement and other complex tasks [4]. Inertial
measurements unit is a method designed to measure
the joint angles and angular acceleration of a body
without the requirement of an external reference [5].
Inertial Measurement Units (IMUs) are combinations
of different inertial sensor technologies, including
accelerometers, gyroscopes and magnetometers.
Gyroscopes provide estimation of the angular
velocity applied to the body and thus an estimation
of the rotated angle and actual orientation, since
gyroscopes have various sources of dynamic drift,
the estimation of orientation suffer from time. To
correct these effects, accelerometers, gyroscope and
magnetometers are added to the sensor through data
fusion so that external references are provided for
deviation correction. Accelerometers measure the
direction of the gravity vector, the magnetometers
provide a measurement of the direction of the Earth’s
magnetic field and the gyroscope measures the
angular velocity [6]. Previous researchers have
utilized obtaining raw sensing data of triaxial
acceleration, Magnetometer, and Gyroscope. To
discard the noise in accelerometers, drift in
gyroscopes,
and
magnetic
distortion
in
magnetometers, a time-varying complimentary filter
is proposed [7]. Applied the compensation method
for an accelerometer to calculate acceleration data
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precisely when a robot manipulator is in slow
motion. Although the accelerometer works well
when a robot manipulator is in fast motion,
Accelerometers
extend
relatively inaccurate
acceleration data under slow movements [8].
However, applied to indicate that techniques used in
estimating orientation provide the angular velocities
of a joint. Findings are obtained using Inclinometer
(VDI) which is non-contact sensors. The use of a
sensor that arranges the accelerometers’ and
gyroscopes symmetrically and measures all the joint
parameters instantaneously eliminates the use of
filtering techniques as they do not have integration
error accumulation. In this study, the constraint
eliminated by the instantaneous measurement of joint
parameters using gyroscopes and accelerometers’
data enables the researcher to measure the angular
acceleration and angular velocity of a joint without
the use of any filtering technique [9]. To improve the
accuracy of the IMU sensor, several scholars had
developed some filtering approaches such as a
complementary filter and extended Kalman filter
(EKF), however, most of the preceding research
works focused on filtering algorithm design, but few
researchers proposed how to practically calibrate the
IMU sensor leading to one of the challenging points
facing IMU sensors [10].

A.Sensor Models
The pitch and Roll are calculated from the
accelerometer assuming it’s installed in a handheld
device as shown in Figure 2, 3, 4.

Figure 2 Accelerometer inside a handheld device.

Figure 3 Pitch definition.

II. METHODOLOGY
In this paper, a circuitry system and an algorithm
have been designed and implemented. The aim of the
circuit board is to derive and read data from both the
human body and the robotic links comprising of
double links. The proposed system can be worn as
shown in fig. 1. For each link, one Arduino
microcontroller is used with 3-axis 345 ADXL
Adafruit accelerometers and L3G4200D gyroscope.
Current Arduino microcontrollers are capable of
reading accelerometers and gyroscope at the same
time using channel I2C cause they have the same
address shown in figure 1.

Figure 4 Roll Definition.
Roll=

(1)
√

(2)

While the heading is calculated from
gyroscope

Figure 5 pitch and roll definition.
Figure 1: Put ADXL543 and L3GD400D on hand.
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Heading= ca-g. Z-axis*t

(3)
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Where ca is a dimensionless constant between 0 and
1, g. z-axis is the accelerometer sensing axes Z, t is
the time-varying error of this model.
In this paper, a Kalman filter or balance filter has
been used to get Pitch, Roll, and heading angles.
This filter one for the gyroscope to estimate heading
and once for the accelerometer to estimate pitch and
roll [10].
B..Angle Detection of Accelerometer
The amount of static acceleration due to the gravity
can be measured using the accelerometer. The tilled
angle with respect to the direction of the gravity can
be found using this sensor. When the z- component
(Za) and y- component (Ya) of accelerometer is
found. A roll and pitch angles can be calculated
using accelerometer readings using Eqn 1, 2.
The estimated angle using accelerometer is not stable
[11]. Figure [6] shows the angle obtained from the
accelerometer and the angle after using sensor
fusion. The blue plot is the angle obtained from
accelerometer readings and the yellow plot is the
angle after using the Kalman filter. It is very obvious
that accelerometer output is noisy with error.

Figure 7 MEMS Gyro Data Drift.
D.Filter Procedure
The Kalman filter also referred to as the Linear
Quadratic Estimation (LQE), it’s an algorithm,
designed with a series of measurements observed
over time that contain statistical data which gives
more precise estimates of unidentified variables than
those provided by a single measurement [12]. The
system should be described in a state space form,
like the following: State prediction
(4)
Covariance prediction
(5)
Innovation
Innovation Covariance

(6)
(7)

Kalman gain
State update
Covariance update
(
)

Figure 6 Angle Obtained from the MEMS
Accelerometer Sensor.
C.Angle Detection of Gyroscope
Since most of the gyroscopes have bias errors [3],
the drift errors occur from the integration of the
gyroscope readings. Fig.4 shows this phenomenon.
This error can be solved using a Kalman filter. The
blue line in Fig. 4 is the angle obtained from the
accelerometer, the orange line is the integration of
the angular rates obtained from gyroscope and the
red is the reading of the Kalman filter output.
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(8)
(9)

(10)
Where
control vector,
measurement vector,
newest estimate the current “true “ state,
newest
estimate of the average error for each part of the
state, A state transition matrix, B control matrix, H
observation matrix Q estimate process error
covariance, R estimate measurement error
covariance.
we can observe that if the device experiences
acceleration and gyroscope along any single axis
(say x-axis), the conventional method reduces the
gain of all the three axes equally, which decreases
the correction of error in the a priori state evaluation
of the remaining two axes as well. The proposed
method, however, decreases the gain of only the xaxis according to and allows correction of error in
the remaining two axes. Similar will be the case for
the acceleration and gyroscope present along two
@2018 The Future University (Sudan) Press. All rights reserved

Figure 8 Structure of Kalman Filter.

pitch

Figure 9 Block diagram of the proposed system.
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Figure 10: Pitch Estimation from Accelerometer.
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Figure 11: Roll estimation from Accelerometer.
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Heading

axes. Even if the sensor is experiencing accelerations
along all the three axes, the conventional method will
equally reduce the gain for all the 3 axes causing the
maximum of the three accelerations and gyroscope
to affect the three axes. The proposed method,
however, decreases each axis’s gain according to the
severity of the acceleration present in that axis. In
this way, the proposed approach handles the external
accelerations and gyroscope in a more efficient way.
It can be seen that the maximum error incurred by
the proposed approach cannot be more than that in
the conventional approach.
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Figure 12 Heading Estimation from Gyroscope.
To confirm and verify the expected performance
gains of the proposed filter, the IMU sensor was
implemented in Arduino. The system is performed as
it provides a free selective test algorithm to speed up
different periods along different axes. In order to
compare the results in the events window when the
linear motion is performed in addition to the change
in the direction of the body part.
Three different tests performed the results of the
estimation using three methods: using only the
Accelerometer, Gyroscope and Compass for the
calculation of Pitch, Roll and Heeding in the
traditional way, and the proposed method of the three
tests ,while the gyroscope was used only for
calculating the Heading and calculate Pitch and Roll
from accelerometer summary in Figure 10 , Figure
11 and Figure 12 ,when adding Kalman filter
algorithm the proposed method estimate the error of
the pitch calculation from accelerometer and the
heading calculation from gyroscope.
In the first test, the accelerations are added in the zaxis during the time interval 3600s. can be set to 0.1
as recommended in [13]. The gyroscope and
compass-based estimate drift with time, as expected.
The conventional approach senses linear acceleration
and discards all three accelerometer measurements,
losing information from x- and y-axes as well, hence
both pitch and roll drift away, whereas the proposed
method only discards z-axis measurements,
preserving the accuracy in pitch and roll estimates.
Test 2 was performed during also 3600 s where the
gyroscope was added in the y and z-axes. Since the
roll estimate depends upon the y-axis and both the
methods observe the error in roll estimate, the
conventional approach also incurs error in pitch
estimate, whereas the proposed filter maintains
accurate pitch estimate. Note that the duration of the
test is the same as Test 1, however, the conventional
method observes more error in the pitch estimate that
it does in Test 1. This is because two axes experience
accelerations in test 2 which makes the total
magnitude of accelerations larger compared to Test
1. This further decreases the weight of the
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RESULT

To verify the accuracy of the proposed approach in
estimating the orientation of human body segments,
experiments were performed on a test subject
equipped with wearable IMU sensors and an
expensive accurate sensor that is not affected by
external accelerations for reference measurements,
Arduino discovery board was used as the wearable
IMU sensor containing triaxle gyroscope
(L3GD400D) and triaxle accelerometer (ADXK345)
and a tactical grade IMU from Advanced Navigation
Technologies with a maximum orientation
estimation error of 0.1°,all were used as the reference
measurement unit. Three different experiments were
performed, where the subject was asked to perform
the following tasks: hand wave, exercising, and
walking.
In the first test, the Stability of horizontal movements
during the time interval of 3600s. More accurate data
was obtained for 1 minute in the absence of
movement compared with the traditional method .
Figure 12-13 test 2 the Stability of Vertical motion
during the time of 1-minute, more accurate data was
obtained in the case of absence of movement
compared with the traditional method. Show figure
10 and figure 14.
Test 3 the Stability of Circular motion during the
time of 1-minute, more accurate data was obtained in
the case of absence of movement compared with the
traditional method. Show figure 11 and figure 15.
The test results are presented in figure 12, figure 15
and figure 16.
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Figure 13 Heading estimation from gyroscope
after adding filter.
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Figure 14. Experimental results of Pitch
estimation from accelerometer after adding filter.
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Figure 15 Experimental results of Roll estimation
from accelerometer after adding filter.
IV.

CONCLUSION

Wearable IMU sensors have gained widespread
usage in the orientation estimation of various human
body segments owing to their miniature size and low
cost. However, linear accelerations of the body
segments remain a problem as they are also
measured by the accelerometer, which corrupts the
attitude estimate. The conventional method to deal
with these accelerations, gyroscope and compass
does not effectively handle the measurement weights
in the Kalman filter and discards all three axis
measurements if any axis experiences linear
acceleration. In this paper, we improved an important
modification to this method. Using the fact that a
majority of human body measurements are
constrained in one or two axes and seldom in all
three axes, the proposed method deals with the linear
accelerations more effectively by discarding only
those accelerometer and gyroscope measurements
that are corrupted by acceleration, keeping useful
information from other axes. A theoretical analysis
has been done, which provides insight into the
performance improvement obtained through the
proposed method compared to the conventional one.
Finally, both methods have been compared using
experiments on a real test subject performing daily
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routine tasks like lifting and waving. The results
show the performance improvement achieved in the
case of the proposed method.
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