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Abstract—1In this paper, a novel Attitude and Heading
Reference System(AHRS) algorithm for real time controlling
of various mobile robots is presented. Such a control system
is essential for real time mobile robots control applications,
such as entertainment, business activities, industrial, domestic
assistant and etc. New angles and vectors definition, system
specification and Momentum Correction Factor(MCF) are pro-
posed to compensate the motion time delay during an inertial
action. A dedicated experimental setup is established to test
the algorithm. Experimental results show that a low time
dealy motion control can be maintained through the proposed
algorithm.

I. INTRODUCTION

Mobile robots have became more and more used in
commercial and industrial environment. Many companies or
individuals have been used mobile robots for entertainment,
business survices, industrial,domestic assistant purposes and
etc. Mobile humanoid robot motion control is important topic
of the robotic research.A popular method of motion control
for mobile robots is AHRS algorithm.

The AHRS algorithm consists of an accelerometer, a
magnetic field meter and a gyroscope. It can provide yaw, roll
and pich information for mobile robots. The real reference of
AHRS are combined gravitational field and magnetic field of
the earth.lts static final accuracy depends on the measurement
accurcy of the magnetic field and gravity measurement. It’s
important to combine these two imformation and fuse them
into an optimal solution taking into account the advantages
of each information source[1].

Some latest AHRS algorithms in a large amount of litera-
ture that fuse gyroscope and accelerometer information[2,3].
However, both Madgwick and Mahony method only esti-
mate the orientation correctly under ideal conditions, i.e. no
significant accelerations and no magnetic disturbances [4,5],
one of which is called Inertial Measurement Unit (IMU),
The theoretical mechanics of the university tell us that a
linear motion and a rotational motian can be make up the
joint movements of robot arm. The inertial measurement
unit measures both types of motion. Accelerometers and
gyroscopes are used to measure accelerometers and rotational
motion respectively[6].

Typically, the IMU includes three single-axis accelerom-
eters and three single-axis gyroscopes. The accelerometer
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detects the independent three-axis acceleration signal of the
object in the carrier coordinate system, which is equivalent
to detecting the three-axis acceleration signal for robot, and
the gyroscope detects the angular carrier relative to the
speed coordinate signal of the navigation coordinate system.
The detection of the speed signal of the robot is to use a
gyroscope. In this way, the angular velocity and acceleration
of the robot in three-dimensional space are measured and its
posture is calculated. It has important application value in
navigation. In order to improve reliability, it is also possible
to equip each joint of the robot with a sensor. In general, the
IMU will be installed at the center of gravity of the object
being measured.

In fact, accelerometers and magnetic interference are
inevitable in practical applications. There is still no algorithm
exist that can compensate the motion time delay during
transmission. Some researchers [7,8,9,10,11] have tried
compensate the significant accelerations and magnetic
disturbances.

This paper is organized as follows: In Section II describes
the optimization of AHRS algorithm. The experiments and
the rusults are discussed in Section III . Finally, the conclu-
sions are given in Section IV.

II. OPTIMIZATION oF AHRS ALGORITHM

A new AHRS algorithm with momentum correction factor
(MCF) to decrease the motion time delay due to the data
transmission is proposed in this paper. Fig.1 shows the
sensor’s location of the motion detector.
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Fig. 1. Location of the motion detecter



The very small sensor TDK MPU-9150 was used as
the fundamental chip for the motion controller during the
movement. The MPU-9150 contains 9-axis sensors in a small
package: 3-axis gyroscope,3-axis digital compass and 3-axis
accelermeter.

In this research, A humanoid robot arm mechanism was
designed and the degree of freedom (DOF) defined in Fig.2.
The robot arm contains 3 DOFs for shoulder,1 DOF for el-
bow and 2 DOFs for wrist. For motion detection, two motion
detectors with one located in the palm of the controller and
the other located in the upper arm of the controller were used
for motion detection in the humanoid robot arm.

Fig. 2. The mechanism design of the humanoid robot arm

The motion path of this work is planned to move from
degree 0 = 90° to 0 = —90° in a clockwise direction
movement, then ¢ = —90° to 0 = 90° in a anticlockwise
direction movement. While the angle between the upper arm
and lower arm is remain constant with p = 180°. The angular
velocity of o from the controller is kept at 120°/s. Fig.3
shows the motion path of robot arm.

Fig. 3. Motion path of robot arm

A. New AHRS angle definition and system specification

In order to shorten the calculation cycle time, the tradi-
tional AHRS angel definition 6 , 1) and ¢ are ignored. The
axes are followed by relatively angel form the motion sensor
X —a,Y — 3, Z — . The angles of Euler can be obtained
through ¢"°. R,, Ry, R, are R vector on X — o, Y — 3,
Z — p respectively.
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Where s = sin, and ¢ = cos. M is the optimized motion
path equation.
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Fig.4 shows the vector and angle definition of new AHRS
system.

4 A{Gl Wi,1)

(B, 0)

B(62,W Apz}

Fig. 4. Vector and angle definition of new AHRS system

Through the vector and angle definition, the state Xcan
be estimated by the fellowing equation[12].

X:[q”b w? a:g] 5)

where ¢™ is an unit quaternion representing the orientation,

x4 is the gyro’s bias of the device. w? is the velocity’s bias.
The angular rate y, of the robot arm can be written as.

yg:wb+xg+vg (6)

where v, is the Gaussian noise.
The measurements of the accelerometers of the device can
be given by.
_ b b
Yo = a’ — g° + wq + Vg (7)

where ¢° is the gravity vector and w, is the accelerometer’s
bias, and v, is the vector of Gaussian with zero-means.



the magnetic vevtor m® expressed in the humanoid frame
as ¥y, can be simplified by.

Yn = m’ + x, + vy, (8)

where v,, is the noise and Magnetometer bias x,, is the
magnetometer bias.

B. Motion phase delay optimization

During normal AHRS transmission, there will be an ab-
solute delay between motion input and motion output. In
order to compensate the response time of robotic arm, two
correction factors are considered.

The first one is displacement correction factor C which is
expressed by the equation, it is proposed to compensate the
length different between sensors corresponded to the length
of the humanoid robot arm. The displacement of motion
detection controllers and the length of robot arm is in one
to one scale, therefore the displacement correction factor is
not considered.
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The later one is momentum correction factor S, it is pro-
posed to compensate the robot motion time delay during an
inertial action, while S, S, S, are the MCFs corresponding
to different z, y and z axes. V,, V,, V. are the motion
velocity along the inertial motion in x, y and z axes, the
function relationships are expressed by the equations.
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S, = Jo Vi (Bydy) (11)
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The optimized motion path result O can be evaluated by
the equation.

o=[Cc s M|
I1I. EXPERIMENT AND RESULTS

To validate and test the algorithm of AHRS, a dedicated
experimental platform setup is established in Fig.5.

A humanoid robot, which every arm has 5 DOFs, and also
has 5 DOFs in every palm. the parameters of robotic arm
are as follows: 2% 300kg/cm servos for shoulder movement;
2% 70kg/cm servos for arm movement; 6 * 20kg/cm servos
for palm and fingers movement.

The experiment test platform is shown in Fig.6. A com-
parative data is measured, the proposed algorithm can not
output the estimated momentum normal output correction
factor AHRS algorithm are compared.

The sensors are mounted on every arm of the humanoid
robot , as shown in Fig.7.
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Fig. 5.
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For each test, while holding the rotating movement of
about 10 meters from the motion detection controller. The
original data was obtained through data acquisition card.

Each capture lasts time about 3 minutes. The motion
following expeirment as shown in Fig.8.

(d)

Fig. 8. The motion following experiment.(a)Right arm motion following.
(b) Motion following with both arms.(c) straight both arms.(d) Left arm
motion following.

To validate the time delay reusults, Fig.9 shows the results
of the normal AHRS system. The angle indicated in the chart
is corresponding to the motion path planned i.e. o = 90°
to 0 = —90° in a clockwise direction movement and o =
—90° to ¢ = 90° in an anticlockwise direction movement
by the motion detection controller. The first 10 seconds data
captured had been shown. There is a consistent motion time
delay of 0.16s during the whole experiment.

Fig.10 shows the results of the optimized AHRS system
with momentum correction factor(MCF). The angle indicated
in the chart is corresponding to the motion path planned i.e
o = 90° to 0 = —90° in a clockwise direction movement
and 0 = —90° to ¢ = 90° in an anticlockwise direction
movement by the motion detection controller.

The first 10 seconds data captured hand been shown. For
the first cycle movement ¢ = Os to ¢ = 0.5s the output is
exactly the same as the normal AHRS system with a motion
time delay of 0.16s. Once the MCF function is activated
after ¢ = 0.5s, the motion time delay is minimized to 0.04s
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Fig. 9. Comparison between normal AHRS output and controller input
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Fig. 10. Comparison between optimized AHRS output and controller input
in the interval from o = 70° to ¢ = —70°. In the interval
o = [70,90,70] degree and o = [-70,—90, —70] degree,

the motion delay is varied from 0.04s to 0.16s. While 0.16s
delay happens when o = 90° and o = —90°.

IV. CONCLUSION

In summary, a novel AHRS algorithm for real time
controlling mobile robots is proposed by us. The proposed
optimized system is essential for real time mobile robots
control appli-cations. New angles and vectors definition,
system specifi-cation and momentum correction factor
(MCF) are proposed to compensate the motion time
delay during an inertial action. Based on the
experimental results, the optimized AHRS with MCF can
decrease the motion time delay in an inertial motion by
80%.The significant implementation  is highly
recommended to mobile robots that is sensitive in
transmission response time or delay-free motion control
desired.



[1

—

[2

—

[3

—

[5

=

[6

=

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16

(17]

REFERENCES

Goyal.P, Ribeiro.V.J, Saran.H, and Kumar.A, ”Strap-down pedestrian
dead-reckoning system.”2011 international conference on indoor po-
sitioning and indoor navigation. IEEE, 2011.

Madgwick, Sebastian, ”An efficient orientation filter for inertial and
inertial/magnetic sensor arrays.” Report x-io and University of Bristol
(UK) 25 (2010): 113-118.

Mahony, Robert, Tarek Hamel, and Jean-Michel Pflimlin, ”"Nonlinear
complementary filters on the special orthogonal group.” IEEE Trans-
actions on automatic control 53.5 (2008): 1203-1217.

Diaz.E.M, Heirich. O, Khider. M, and Robertson. P, ”Optimal sam-
pling frequency and bias error modeling for foot-mounted IMUs.” In-
ternational Conference on Indoor Positioning and Indoor Navigation.
IEEE, 2013.

Zampella. F, Khider.M, Robertson.P, and Jiménez.A, “Unscented
kalman filter and magnetic angular rate update (maru) for an improved
pedestrian dead-reckoning.” Proceedings of the 2012 IEEE/ION Posi-
tion, Location and Navigation Symposium. 1IEEE, 2012.

Diaz, Estefania Munoz, et al. “Evaluation of AHRS algorithms for
inertial personal localization in industrial environments.” 2015 IEEE
International Conference on Industrial Technology (ICIT). IEEE, 2015.
De Marina.H.G, Pereda.F.J, Giron-Sierra.J. M, and Espinosa.F, "UAV
attitude estimation using unscented Kalman filter and TRIAD.” IEEE
Transactions on Industrial Electronics 59.11 (2011): 4465-4474.
Lee. Jehong, Jeonggeun. Lim, and Jongho. Lee, "Compensated head-
ing angles for outdoor mobile robots in magnetically disturbed envi-
ronment.” IEEE Transactions on Industrial Electronics 65.2 (2017):
1408-1419.

Cui. X, Mei. C, Qin. Y, Yan. G, and Fu. Q,”In-motion alignment for
low-cost SINS/GPS under random misalignment angles.” The Journal
of Navigation 70.6 (2017): 1224-1240.

Tomaszewski, Dariusz, Jacek Rapinski, and Michat Smieja, ” Analysis
of the noise parameters and attitude alignment accuracy of INS
conducted with the use of MEMS-based integrated navigation system.”
Acta Geodynamica et Geomaterialia 2.12 (2015): 197-208.

Wang.Li, Zheng. Zhang, and Ping. Sun, ”Quaternion-based Kalman
filtler for AHRS using an adaptive-step gradient descent algo-
rithm.”International Journal of Advanced Robotic Systems 12.9
(2015): 131.

Munguia, Rodrigo, and Antoni Grau. A practical method for im-
plementing an attitude and heading reference system.” International
Journal of Advanced Robotic Systems 11.4 (2014): 62.

Brahmi.B, Saad.M, Ochoa-Luna. C, Rahman. M. H, and Brahmi. A,
”Adaptive tracking control of an exoskeleton robot with uncertain
dynamics based on estimated time-delay control.” IEEE/ASME Trans-
actions on Mechatronics 23.2 (2018): 575-585.

Haddadin, Sami, Alessandro De Luca, and Alin Albu-Schiffer, ”Robot
collisions: A survey on detection, isolation, and identification.” IEEE
Transactions on Robotics 33.6 (2017): 1292-1312.

Pulido.J.C, Funke.R, Garcia. J, Smith. B. A, and Matari¢. M, ”Adapta-
tion of the Difficulty Level in an Infant-Robot Movement Contingency
Study.” Workshop of Physical Agents. Springer, Cham, 2018.
Walmsley. C. P, Williams. S. A, Grisbrook. T, Elliott. C, Imms.C, and
Campbell. A, "Measurement of Upper Limb Range of Motion Using
‘Wearable Sensors: A Systematic Review.” Sports medicine-open 4.1
2018.

Ivanov, Artem V, and Elena A. Zhilenkova, ”Software Environment
for Motion Capture System Based on Inertial Sensors.” 2019 IEEE
Conference of Russian Young Researchers in Electrical and Electronic
Engineering (EIConRus). IEEE, 2019.





