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Abstract: The approach of using Magnetic Angular Rate Gravity (MARG) sensor for the current multi-sensor
based pedestrian navigation algorithm magnetometers is susceptible to the external magnetic interference. The
result of attitude is affected by many factors, like the low-precision MEMS gyro drift and large body linear
acceleration measurements. In this paper, we propose anti-jamming algorithm which is based on four elements
of Extended Kalman Filtering (EKF). To reduce carrier linear acceleration and local magnetic field that impact
on attitude measurement, the adaptive covariance matrix structure is considered. Moreover, the heading angle
correction threshold method is used in magnetic field compensation and interference environment. Based on the
experimental results, the effectiveness of the proposed algorithm suppresses the influence of the external
magnetic interference on heading angle, as well as improving the accuracy of system attitude measurement.
Copyright © 2014 IFSA Publishing, S. L.
Keywords: Multi-sensor, Complex environment, Fusion algorithm, Anti-magnetic interference.

1. Introduction
The widespread dissemination of smartphones
has prompted a great success of positioning systems
using mobile terminals for location based services,
like the emergency relief map for in-door intelligent
navigation construction of city life [1-3]. Magnetic
Angular Rate Gravity (MARG) sensor which is
based on micro-electro mechanical system (MEMS)
technology has been widely applied to intelligent
terminals. Hence, the design of MARG positioning
system gradually becomes a hot topic [4]. MARG
positioning system is with the advantages of low
cost, self-positioning, high positioning accuracy, and
good stability in short time duration. Due to the
sensor noise and cumulative errors, MARG
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positioning system cannot provide long-term stable
and reliable location information.
To solve this problem, an optimal fusion
of MARG sensor is justifiable. The MARG sensor
based on quaternions Extended Kalman Filtering
(EKF) was adopted for attitude algorithm in [5]. The
Kalman Filtering (KF) based on quaternion is used
for real-time human motion tracking in [6]. In [6],
the QUEST algorithm was used instead of GaussNewton algorithm. In [7] and [8], to make a progress
in improving the accuracy of MARG sensor attitude
measurement, the EKF based on four elements was
considered. On this basis, the sensor mode which
introduced sensor bias compensation and adaptive
measurement noise covariance matrix structure
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to improve the accuracy of measurement of attitude
was established by Liu in Tsinghua University in [9].
The precision of magnetometer is especially
important to the attitude measuring accuracy since
MEMS gyro error spreads rapidly with respect
to time duration. Although the above mentioned
algorithms can calculate carrier’s attitude, they do
not consider the situation that the actual
measurements could be influenced by interference.
When there is interference magnetic field, the
magnetometer data could be resulted into great error
attitude solution. In this paper, the anti-jamming
algorithms based on quaternion EKF is proposed
to reduce the influence of linear acceleration and
carriers around the local magnetic field on attitude
measurement by constructing an adaptive covariance
matrix. Moreover, based on the magnetic field
compensation and threshold in magnetic interference
environment, the heading angle is corrected and the
errors generated from the external interference fields
are suppressed effectively.

2. Attitude Measurement and Analysis
The measurement data from inertial measurement
unit, like the gyroscope, magnetometer, and
accelerometer, are defined as body coordinate
frame b . The origin of coordinates is the center
of body’s gravity and the three coordinate axes are
corresponding to the longitudinal axis of the carrier,
the horizontal axis, and the vertical axis respectively.
The absolute coordinate frame is named by
navigation frame, notated as n . The transformation
is achieved by quaternion and Euler angle method.
The quaternion has been widely used since it can
solve singular problem [10].
The conversion relationship between body
coordinate frame and navigation frame is shown
in (1):

When the three-axis gyro angular velocity and
initial attitude are obtained, the differential equation
of attitude quaternion is as follows:

q (t0 ) = q0

,
d
1
q
q
=
⊗
ω
 dt
2

(4)

where the argument t0 is the initial time of body
movement. q0 is the initial alignment attitude
quaternion. Notation “ ⊗ ” is the quaternion
multiplication sign. ω is the posture angular
velocity vector which is defined in (5):
0
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(5)

Within the time sampling interval T , the angular
rate can be assumed to be a fixed value, where T is
also recognized as the update interval of rotation
quaternion. On this basis, the attitude quaternion
model in discrete time condition can be expressed
in (6):

qk +1 = exp(ωT )qk , (k = 0,1, )

(6)

Therefore, the attitude rotation matrix is updated
by (6) and (2) based on the angular velocity data
from three-axis gyroscope.

3. EKF Design
EKF is proposed to do sensor data fusion. The
process of EKF is defined in (7):

 xb 
 xn 
 y  = T b (q)  y  ,
 b n
 n
 zb 
 zn 

(1)

where

 xk +1 = Axk + wk
,

 yk = Cxk +1 + vk

(7)

where wk is the covariance matrix vector of process

q = q0 + q1i + q2 j + q3 k

(2)

Tnb (q) =
q02 + q12 − q22 − q32 2(q1q2 + q0q3 ) 2(q1q3 − q0q2 )

2
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2
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 2(q q + q q )
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If the rotation quaternion
b







(3)

q is obtained, each

element, Tn ( q ) , can be determined by (3).

noise. vk is the measurement noise covariance
matrix vector. According to the discrete-time model
of gyro quaternion method, the state transition vector
equation is defined as

qk +1 = Aqk + wk ,

(8)

1
2
The process noise covariance matrix Qk is

where A = exp( Ω(ωT )) is state transition matrix.
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σ ω2 I 0
0 


2
Qk =  0 σ g I 0 

2 
 0 0 σ g I 

(9)

σm2 = km1 (||| mk || − || m0 |||) + km2var(|| mk -N ||: || mk +N ||),

The observation equation is constructed by
stacking
accelerometer
and
magnetometer
measurement vectors, such that

 a k +1 
yk = 
=
 m k +1 
 Tnb ( q k +1 )

0

where

compensated previously [11]. To solve this problem,
we construct an adaptive covariance σ m2 as

  g   a vk  ,
0


 +
Tnb ( q k +1 )   h   m v k 

(10)

where km1 and km2 are the setting weighting factors.

var (|| mk -N ||: || mk + N ||) is the variance modulo value
that each point of the magnetometer measurements.
m0 is the local magnetic field strength standard.
When the variance is large, the external magnetic
interference magnetometer modulus value and
modulus values also become large, as well as
the covariance.

Tnb (qk +1 ) is the attitude rotation matrix

of quaternion updated; g is the gravitational
acceleration vector; h is the magnetic field
intensity
vector.
The
covariance
matrix
of measurement model Rk is

σ 2 I
0 
Rk =  a
2 
 0 σmI 

(11)

Due to the nonlinear relationship between state
and measurement vectors, (11) can be obtained as a
linearized observation matrix, as shown in (12).
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(12)

4. Magnetic Interference Analysis
4.1. Magnetic Field Compensation
To eliminate elliptic differential effect
of magnetic compass which is generated by
environmental magnetic interference, the initial
calibration of magnetometer before movement is
considered in [12]. Without considering the situation
that the vector magnetic field and measurement error
exist, the body movement is with small change
in magnetic field area. For the strap-down magnetic
sensor, the horizontal component of geomagnetic
field trajectory measurement is a circle on the X and
Y shaft, the circle is centered on the origin, and the
radius is the horizontal intensity of geomagnetic field
[13-14]. The trajectory can be approximately
recognized as an ellipse while actual magnetic sensor
measurement, for there are many kinds
of measurement error and the magnetic interference
existing, which will cause the center of the circle
shift, thus the shape distorted, as shown in Fig. 1.

In the stationary state, the body tilt angle
of relative plane can be calculated by accelerometer
accurately. By using the actual output value
of accelerometer directly when the body gets linear
acceleration, the body attitude angle results in a large
error. Therefore, the estimator constructs a new data
covariance by an adaptive method, as shown in (13).

σa2 = (||| ak || − || g |||)

O’

O

(13)

The proposed system can be adjusted to the
weight of measured value in a real-time manner. The
covariance changes with the change of the body
producing a larger linear acceleration.
A large error of magnetometer measurements
appears when the ambient magnetic interference
exists. Interference caused by magnetometer is
normally modified by magnetic field compensation,
while the external magnetic interference which is
random and difficult to be eliminated cannot be
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no disturbance

hard magnetic
disturbance
soft magnetic
disturbance

Fig. 1. 2D magnetic field trajectory measured
by strap-down magnetometer.

In this paper, the 8 characters calibration method
is used to determine the maximum and minimum
of three-axis magnetometer data before body
movement, and meanwhile the three-axis calibration
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factor and bias value are obtained, as shown in (15)
and (16).

 X zero = ( X max − X min ) / 2

Yzero = (Ymax − Ymin ) / 2 ,
Z = (Z − Z ) / 2
max
min
 zero

(15)

 K x = max {1, X zero / ( X zero − X max )}

,
 K y = max {1, Yzero / (Yzero − Ymax )}

 K z = max {1, Z zero / ( Z zero − Z max )}

(16)

X zero , Yzero , and Z zero stand for the threeaxis magnetometer bias values. K x , K y , and K z
where

are the three-axis magnetometer calibration factor
respectively. The output of the three-axis
magnetometer is as follows.

 X = K x • X in + X zero

Y = K y • Yin + Yzero

 Z = K z • Z in + Z zero

(17)

the incremental attitude angle which is solved by
gyro.
In the unstable interference environment, the
magnetic field compensation algorithm is ineffective,
especially for the local magnetometer with the data
varying remarkably, like the shopping malls and
garages. The attitude angle solved by gyro is not
affected by magnetic interference, but it is credible
only in a short time due to cumulative error.
Therefore, the heading angle is optimized by the
differences between every two neighboring step
headings which are solved by gyro, as shown in (19).

 yave (i ) = Δygyro (i ) + yEKF (i − 1)
,

y
(
i
)
y
(
i
)
y
(
i
1)
Δ
=
−
−
gyro
gyro

gyro

(19)

where Δy gyro (i ) is the heading angle solved by gyro
for the current step. yEKF (i − 1) is the heading angle
solved by EKF for the previous step. yave (i ) is the
optimal estimated heading angle.

5. Experimental Results
4.2. Threshold Limit
The influence can be normally eliminated by
magnetic field compensation algorithm when the
outside interference field is stable. The
magnetometer data cannot be effectively corrected by
magnetic field compensation algorithm when the
external magnetic field change is large. Then, a
threshold value method for heading correction is
proposed in this paper.
The existence of interference is determined by the
preprocessing of three axis magnetometer modulus
values. With magnetometer molding and its change
rate to judge whether there is a magnetic disturbance.
The equations are expressed as follows.

var (|| mstep-N ||: || mstep + N ||) < 1
,

||| m0 || − || mstep |||< 0.3× || m0 ||

(18)

In our experiments, a Huawei smartphone is
selected as the test platform, as shown in Fig. 2. By
using Android operating system, the smartphone is
integrated with MARG sensors containing a threeaxis accelerometer sensor LIS3DH, a three-axis
magnetometer sensor akm8963, and a three-axis
gyroscope ST L3G4200D. The raw data from MARG
sensor are obtained from the Application Program
Interface (API) provided by the system with
frequency of 50 Hz.

Y
Z

X

where var (|| mstep-N ||: || mstep + N ||) is the variance
of magnetometer measurements modulo value for
each step. The size of sliding window equals to 2N.
|| mstep || is the modulus value of three-axis
magnetometer for each step.
If the relations in (18) are satisfied, the change
of magnetometer field strength measurement is not
dramatic, the external magnetic interference is not
significant, and the attitude angle solved by EKF is
optimal. Otherwise, the attitude angle solved by EKF
cannot be reliable. The influence of the external
magnetic interference on attitude angle is reduced by

Fig. 2. Sensor data acquisition platform.

In a corridor environment in our university
campus, the pedestrian walks along a line in the
corridor which is closed rectangle.
We can use the magnetometer over extended
periods of time in magnetically stable environments.
The stability of an environment is characterized by
low ferrous objects, or power-line nearby the
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magnetometer. In complicated indoor areas, the
problem of navigating a pedestrian becomes even
more challenging, due to the proximity to metallic
objects and walls, supported by ferrous pillars.
The magnetometer modulus value can clearly
reflect the change of the magnetic field. In the
magnetic interference area, the magnetometer
modulus value is rather changeable.
55

magnetic
interference
area

Magnorm(uT)

50

pointing due south or north direction. The results
in Fig. 4 show that the heading angle by EKF results
in large errors, while the errors can be suppressed
effectively by our proposed anti-jamming algorithm,
especially in the environment with strong magnetic
field interference.
Fig. 5 shows that in magnetic interference
environment, the value of attitude determination
algorithm is much close to the real value inside
the circle.
The maximum deviation of heading angles
between the anti-jamming algorithm prediction and
reference values is within ±15 deg, and average
deviation is about 2.67 deg. The heading angles
from EKF have large enough error.
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Fig. 3. Curves of three axis magnetometer
modulus values.
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Fig. 3 shows that there is strong magnetic
interference in the environment. Inside the two
circles there is a large change of the magnetometer
modulus value. In this case, the sensor data are
optimized by interference algorithm and EKF. We
compare the results of heading angles among EKF,
the anti-jamming, and reference in Fig. 4.
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Fig. 5. Difference between EKF and anti-jamming.

6. Conclusions
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Fig. 4. Comparison of heading angles.

In Fig. 4, the dotted line, thin solid line, and
thick solid line indicate the heading angle by EKF,
heading angle by EKF with interference, and the real
heading angle respectively. The heading angle
produces a hopping from 0° to 360° when the
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In this paper, the proposed anti-jamming
algorithm based on EKF reduces the influence of the
local magnetic field on attitude measurement. A new
structure of adaptive covariance matrix using
modulus value and variance method is also addressed
to solve the problem of the heading errors
in magnetic interference environment. The proposed
technique has many advantages over any other
conventional method such as the use of the threshold
limit values, which does not need any error modeling
or awareness of the nonlinearity. The algorithm
of anti-jamming techniques decreased the required
time for the fixing up interference process, extending
the opportunity to apply the proposed algorithm
in real-time applications. This technique would help
decrease the heading errors of the users in pedestrian
navigation. Furthermore, in magnetic interference
environment, the methods of magnetic field
compensation and heading angle correction
effectively improve the accuracy of attitude
measurement system.
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