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Abstract: A new method is put forward to realize pedestrian’s localization by inertial sensor in indoor 
environment, the positioning method is through pedestrian’s motion information which is collected by an IMU 
system to achieve pedestrian’s positioning. The pedestrian’s gait is getting by fusion of acceleration data and 
gyro data, it is improved the traditional method which discriminate pedestrian’s gait by single axis acceleration. 
A new method is proposed for estimating the pedestrian’s walking step length by acceleration data, it is 
improved the estimation of the dynamic step length precision. By linear fitting algorithm to correct the yaw 
angle information, it would calculate more accurate yaw angle information. Using the step number, step length 
and yaw angle by fusion algorithm reproduce a pedestrian’s route. The experimental results show that the 
positioning method of current positioning precision for each 1200 m error is in 10 m. Positioning error is about 
8.33 %, it has high value of engineering application. Copyright © 2013 IFSA. 
 
Keywords: Indoor positioning, Inertial measurement unit system, Trajectory reconstruction,  
Positioning precision. 
 
 
 
1. Introduction 
 

In recent years, data services and multimedia 
services are rapid increased, demand of positioning 
and navigation are increasing, especially in complex 
indoor environment, such as airport hall, exhibition 
hall, warehouse, supermarket, library, underground 
parking, mine environment and so on, it is often need 
to determine the mobile terminal or the holder of the 
indoor position information. The GPS positioning 
technology is relatively mature, but in the indoor 
conditions, due to the received GPS signal is very 
weak or no receives, the GPS will be out of action. 
According to statistics there are 80 % to 90 % of 
people's time is indoors, so indoor positioning 

technology become a very hot topic. In recent years, 
including Google, Microsoft, Apple, Broadcom and 
some of the world famous university are in the study 
of indoor positioning technology, many indoor 
positioning technology solutions were proposed, but 
by the positioning time, positioning accuracy and 
complex indoor environment conditions, perfect 
positioning technology solutions is still not well used 
in the actual application. 

Due to the MEMS inertial sensor has the 
advantages of miniaturization, multi-function, low 
cost [1], it is widely used in the inertial navigation 
technology and it becomes the focus of research of 
the indoor positioning technology [2]. The collecting 
device used in this paper has a very high level of 
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integration, it is not only has the advantages of small 
volume and convenient carrying, and high precision 
data acquisition, at the same time the sampling 
frequency also can be set by friendly interface, 
through the pedestrian’s walking posture information 
which collected by the collecting device, we can 
make data processing to achieve walking trajectory 
and then realize the reappearance of pedestrian’s 
walking trajectory for pedestrian localization. 

We present a new kind of indoor positioning 
method of multiple MEMS inertial sensor based on 
data fusion. The article is organized as follows: the 
second section describes the IMU system and the 
collection method, the third section presents the gait 
identification method of the pedestrian, the fourth 
section is step length estimation method and solving 
of pedestrian’s yaw angle, the fifth section gives the 
trajectory reconstruction method and test result, the 
sixth section is the conclusion. 
 
 
2. IMU System Introduction 
 

IMU is short for Inertial Measurement Unit, the 
IMU used in this research is a unique inertial 
measurement unit, as shown in Fig. 1. 
 
 

 
 

Fig. 1. IMU system components. 
 
 

It is the intelligent combination of multiple 
MEMS sensors which consist of 3 axis 
accelerometer, 3 axis gyroscope, 3 axis 
magnetometer, thermometer and pressure sensors. 
The data processing chip is 32 bit STM32 
microcontroller, the sensing function of the system is 
acceleration, angular velocity, magnetic, temperature 
and pressure, it is 11 degrees of freedom. At the same 
time, the corresponding input parameters in the IMU 
interface of the system also can obtain the yaw angle, 
roll angle, pitch angle and the four element data, it 
provides a convenient for us to achieve positioning. 

The fixation method of IMU system has great 
effects on the measured data, some researchers bind 
the IMU system on their toes [3]. The method is 
feasible, but noise of the measured data is a little big, 
so that data processing is more difficult. In this 
design, the IMU system is fixed on the tester's right 

leg, let the tester’s direction coincide with the Z axis 
of the IMU, the X axis direction is perpendicular to 
the ground as far as possible, the Y axis direction is 
parallel to the ground and perpendicular to the 
surface of the testing process, as shown in Fig. 2. In 
this test, the pedestrian advancing direction is Z axis 
negative direction, the Y axis of the gyroscope is 
pedestrian’s horizontal axis, that it is perpendicular to 
the direction of the plane which is consist of the 
direction of forward and vertical to the ground plane. 
 
 

 
 

Fig. 2. The tester’s positive picture. 
 
 
3. Identification of Gait 

 
The walk distance of pedestrian are usually 

integral the acceleration of every step, so it need to 
get the  accurate number of steps of the pedestrian, 
there are many method to get the number of  
steps [4-7], to judgment the tester whether static or 
dynamic is by accelerated speed such as Koichi [4], 
he believes that the tester is dynamic if the value 
exceed the range he has set; Ojeda [5] judge it by the 
threshold of the angle speed; Cho [6] judge it by the 
rate of change of the acceleration, if the rate of 
change is greater than a certain threshold, that means 
the sensor is in motion. 

These methods are belongs to threshold method, 
it set the variable threshold in advance to get the 
number of steps, but there are many factors 
influence variables, such as the rate of change of 
acceleration, angular velocity and so on, in a mass 
of test, we found that just use a single threshold 
method often occur omission or error, such as 
Fig. 3, the abscissa represents the sampling points, 
the blue line is the direction of the acceleration, 
usually use it to judge the pedestrian whether static 
or dynamic, the threshold method can achieve the 
right number of steps if it is able to determine the A 
point, B point, C point and some of these special 
points. But it is clearly that the threshold method is 
unable to achieve the ideal effect, C point will be 
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miss detection, D point and E point is very easy to 
false detected, it will lead to errors of getting 
number of steps so that the location accuracy  
will be descend. 
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Fig. 3. The stacking chart of acceleration data  
and gyro data. 

 
 

In order to make the process method is more 
reasonable, we propose a new method that added to 
the gyro data as an auxiliary judgment, gyro axis Y 
data can be a very good response of walking state. 
When the Y axis is perpendicular to the surface of 
pedestrians, you can see the leg of pedestrian is a 
regular swing from the Y axis direction. The data 
obtained from gyro of Y axis shows at MATLAB 
software is the red line in Fig. 3. Experiments show 
that the data has a high reliability and good stability. 

In Fig. 3, there are two kinds of different wave of 
the red line, such as F and G, in order to find the 
maximum value of F, we can set a reasonable 
threshold, the threshold value is greater than G value 
and is less than F value, we set it to 1/2 of F value 
and G value that can reduce the sentence range and 
reduce the amount of calculation. Then find the value 
which is greater than or equal to the previous and less 
than or equal to the behind. Then it is the point of 
maximum point at F. 

Gyro value is the value of the instantaneous 
angular speed, the maximum angular rate value at F 
is the biggest moment of every step, it is not the right 
leg landing time but the time before. Because the 
difference of the time and the landing time is 
relatively stable, we can use this time as a reference 
time, then find the maximum acceleration point after 
a period of time. If find the maximum acceleration 
point, the time of the point is the right leg landing 
time, if not, replace it with the experience value. To 
find out the right leg landing time, we can accurately 
calculate the total number of steps, the program flow 
chart is shown in Fig. 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. The flow chart of the algorithmic programs. 
 
 
4. Step Length Estimation and Yaw 

Angle Calibration 
 
4.1. Step Length Estimation 
 

There are many estimation methods of step 
length, Koichi [4] uses a three axis accelerometer and 
a single axis gyroscope fixed on the shoes to estimate 
walking distance, in the total distance of 30 m, the 
maximum error is 5.3 %. Ojeda [4] uses six degrees 
of freedom inertial measurement unit estimates the 
walking distance, walking distance error within the 
600 m is less than 2 %. But the drift error of 
gyroscope will accumulate and then it will affect 
travel distance results in the process of testing, so the 
error will increase with the increase of travel 
distance. Pointed out in document [5] that walking 
distance in 600–620m the maximum error is 12.8 % 
and in order to reduce the test error needed the tester 
every 30 s to stop a time, so that calibrate the 
gyroscope. The gyro error accumulate easily [8], the 
peripheral effect of metal material and the price is not 
for most people to accept, so people consider using 
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acceleration sensor with the advantages of small size 
and low price to estimate the distance. The 
parameters of getting the number of steps are fixed so 
that the measurement results relate to the speed and 
the lean of road. It need neural net to estimate the 
distance of every step, but the parameters need a 
large number of test data to determine and there are 
some difference between learning data and actual 
data lead to the system error increases [9]. 

Aiming at the problem, a new step length 
estimation algorithm was proposed. The walking 
process can be decomposed into three parts, the leg 
lifting, walking and hitting the ground. The walking 
process can be simplified, we can approximate it as a 
uniformly accelerated rectilinear motion, the leg stop 
quickly when it hits the ground and the time is very 
short that can be ignored. The step length of this 
pedestrian can be calculated by the formula of 
displacement and acceleration. As shown in  
formula (1), where ‘S’ represents step length, ‘a’ 
represents acceleration.  

 
 21= at

2
S

 
(1) 

 
In Fig. 3, A point and B point can be seen as the 

leg lifting time and hitting the ground time 
respectively. The front half part can be regarded as 
static of the right leg. The latter part can be regarded 
as right leg produced displacement. Set a threshold a0 
of the acceleration, when the data above it means 
pedestrian moving, otherwise stationary. The section 
of the acceleration value is larger than a0 were 
a1, a2, a3, ..., an, (a0, a1, a2, ..., an only represents the 
acceleration value) and then calculate the average 
value of am of the acceleration, its mean value 
formula shown as formula (2),  
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(2) 

 
We can see that am is decided by walking speed of 

the pedestrian. By formula (1) we can see that step 
length can be calculated by acceleration and time. 
Suppose acceleration is ar, time is t. Because the 
average acceleration value am can be only get in the 
actual situation, and can’t get the value of ar, we need 
a method to get the value of ar. Through the analysis 
we can find that ar and am have a common 
characteristic that if pedestrian is stationary, the two 
values are approximate to 0 and if walking faster, the 
two value is greater, if moving slower the two value 
is smaller, assumes the ar and am is a linear relation, it 
can be written as shown in formula (3):  

 
 

ra =A*am , (3) 

 
where A is the proportional coefficient, it can be 
obtained through the measurement. In the experiment 

by limiting step, repeated testing, we calculated that 
the A value is about 0.5 and remain relatively stable. 
Through A value and the sampling points, sampling 
frequency in each step, we can get the value of ar, and 
the walking time t in this step, substitute ar and t in 
formula (1), then we can calculate step length  
of this step.  

The tester walked on the football field about  
15 minutes, the total number of steps is about 800. 
The step length is about 1.5 meter after the 
measurement. Substitute the measured data in 
designed algorithm, we calculate the step length as 
shown in Fig. 5, where abscissa represents the 
walking number of steps, ordinate represents step 
length, sign represents the direction, the test result 
shows that the calculated step length is with high 
accuracy and good stability.  
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Fig. 5. The step length of the tester. 
 
 
4.2. Yaw Angle Calibration 
 

The yaw angle is one of the important elements in 
positioning system, the definition is that the right, 
front, top direction of the carrier constitute the right-
handed coordinate system, around the forward axis 
rotating is roll angle, around the axis towards the 
right rotating is pitch angle, around the upward axis 
rotating is yaw angle [10]. So for pedestrians, yaw 
angle is the walking direction information. The front 
of the pedestrian is 0°, around the clockwise rotating 
angle value is positive, the range is 0°–-180°, so the 
yaw angle range is -180°–180°. 

Through the friendly interface of IMU system, we 
can get the yaw angle information after we input the 
correct parameters, due to the influence of vertical 
gyro drift and axial gyro drift [11] and so on, it will 
cause the major angle error. After the tests we also 
found that there are big errors between the measured 
yaw information and actual yaw angle, so we need to 
calibrate attitude angle, fixed the test device on the 
two-axis turntable and collected the attitude  
angle data.  
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Table 1. Result of test experiment (°). 
 

Order 
number 

Standard 
values 

Measured
values 

 Order 
number 

Standard 
values 

Measured
values 

1 0 0 20 -180 165.27 
2 10 9.19 21 -170 174.31
3 20 18.59 22 -160 -176.26 
4 30 27.48 23 -150 -166.11 
5 40 36.57 24 -140 -155.82 
6 50 45.66 25 -130 -145.41 
7 60 54.92 26 -120 -133.92 
8 70 63.96 27 -110 -122.91 
9 80 72.71 28 -100 -111.90 

10 90 81.84 29 -90 -99.53 
11 100 91.07 30 -80 -87.45 
12 110 99.67 31 -70 -75.42 
13 120 108.71 32 -60 -63.85 
14 130 118.22 33 -50 -52.65 
15 140 127.11 34 -40 -41.14 
16 150 138.35 35 -30 -30.52 
17 160 145.52 36 -20 -20.27 
18 170 155.26 37 -10 -10.12 
19 180 165.27 38 0 0 

 
 

The model of two-axis turntable we used in the 
test is 902-E which is made by Beijing Aviation 
Precision Machinery Research Institute. The test 
results are in Table 1. As can be seen from the 
Table 1, there is a certain bias value between the 
reference value and system output, it is accord with 
linear rule, therefore make the system output value 
and reference value for the linear fitting and then we 
can get more accurate yaw angle value.  
 
 
5. Trajectory Reconstruction 

 
Through the above discussion we have introduced 

how to calculate the three factors [12] – number of 
steps, step length and yaw angle, the principle of 
trajectory reconstruction is that regard the pedestrians 
walking in plane trajectory as composed of many 
points, as shown in Fig. 6. 
 
 

 
 

Fig. 6. The reconstruction principle of the pedestrian path. 

Where aK means the K step yaw angle, SX means 
the X axis coordinate of pedestrians at that time, SY 
means the Y axis coordinate of pedestrian at that 
time. You can write a coordinate of pedestrian on the 
coordinates of any point of the plane, the calculation 
formula (4) is as follows. 
 

 
-1

Y -1

+ sin (a )
+ cos (a )

X X K k

Y K k

S S SL
S S SL

= ×⎧
⎨ = ×⎩ , 

(4) 

 
According to the theory above, this paper 

conducted a number of experiments, the experimental 
one is in a hall and the walking tracks is layout good 
as shown in Fig. 7. 
 
 

 
 

Fig. 7. Trajectory reconstruction of walking in hall 
 
 

The left two pictures are field test photos and 
the two on the right picture are trajectory which 
gets from the test data, the top one is walking track 
1 lap, following is continuous walking track 5 laps, 
the blue 'x' represents the point of fall right, as can 
be seen from the chart, trajectory and actual 
trajectory reconstruction basic consistent, 
continuous test results can still accurate response 
to walking trajectory with good repeatability  
and stability. 

In order to further test the positioning accuracy, 
the test site of experiment two is a standard football 
field, the tester along the soccer field periphery of the 
400 m runway walks and collects test data. Fig. 8 is a 
map of walking trajectory reconstruction after three 
laps, the abscissa and ordinate units are meters, 
pedestrian walked a distance of about 1200 m, the 
positioning accuracy is within 10 m, and have  
good stability. 

track
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Fig. 8. Trajectory reconstruction of walking on the standard 
football field three circles. 

 
 
6. Conclusion 
 

In this paper, a new indoor data fusion positioning 
method based on multiple inertial sensors was 
proposed, it has made overall and deep analysis of 
the three elements of dead-reckoning method 
involved, especially on getting the number of steps 
and step length, we make a bold improvement and 
innovation. The experimental result shows that, 
within walking distance of about 1200 m, the 
positioning accuracy is within 10 m, the positioning 
error is 8.33 %, greatly improves the positioning 
accuracy of the pedestrian. 
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