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Background
Mine sweeping is both dangerous and time consuming. The
sweeping of mines is often done by humans with high risk of
getting hurt. This risk is the motivation for this project.
The project is a collaboration between Saab Bofors Dynamics
and Linköping University, and the long term goal is to de-
velop an autonomous machine that could do the mine detec-
tion instead of humans so that the the danger of mine sweep-
ing is reduced.
The main focus this year has been to improve the navigation
of the system and create an ability to diagnose and filter bad
sensor values. This years project has resulted in mounting
of a new better IMU, implementation of a new subsystem,
Sensor Diagnosis and Signal Processing (SDSP), for provid-
ing the navigation filter with high quality data, and in a more
developed particle filter for navigation and localization.

System
The system consists of three main components:

Figure 1: Picture of Balrog.

..

• Base station computer
• Xbox hand controller
• Tracked vehicle
The base station is used to
supervise the search pro-
cedure. It displays a map,
sensor values and more.
The hand controller is the
primary means of control-
ling the vehicle.

The tracked vehicle doing the mine detection consists of:

..

• MMP30 robot platform
• Industrial computer - Intel Core i7 4779S Haswell, 8 GB
DDR3

• Arduino uno (for USB-I2C-communication with the ultra-
sonic sensors)

• Wireless router
• Sensors: IMU, Odometer, GPS, Ultrasonic

Sensor Diagnosis and Signal Processing
This subsystem take care of outliers, flag sensors that is un-
reliable and remove biases.

|y − ysensor| < L, y ∼ p(yk+1|y1:k) (1)

|yest − ysensor| < L (2)

The outlier rejection is based on either the measurement
estimate from the filter, eq. 1, or a third degree Lagrange
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Figure 2: GPS values, raw
comparedwith inverse filtered

estimation, eq. 2.
To determine whether or
not a sensor is considered
reliable the system uses
the design parameter N .
A sensor is considered un-
reliable after receiving N

straight samples flagged as
outliers and vice versa for
it to be reliable again.

Sensor Modelling
and Signal Pre-Processing
To be able to get a good position estimate it is important that
the sensors act similar to the sensor models, in which the
noise is assumed to be white Gaussian noise (WGN) and no
bias present. This was not the case for the GPS and therefore
an inverse filter has been identified to be able to get WGN. A
first order ARmodel was enough to get a good enough result.
In Figure 2 it is possible to see that there is a less dispersion
among the filtered sensor values compared to the non filtered
ones.
The other sensors mounted on Balrog was after modelling
considered to have white Gaussian noise and the variance of
it was estimated to be used in the navigation filter. Biases was
removed from the sensors where it was necessary.

Localisa on
Balrog uses amarginalized particle filter to estimate its states
(position, heading, speed and angle velocity). It also esti-
mates the likelihoods of future measurement for the SDSP.
The filter integrates data from all sensors with knowledge of
the dynamics of Balrog to estimate the states.
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Figure 3: Simulation in Matlab

To handle the ultra-
sonic range sensors, a
special range measure-
ment model has been
developed. It calcu-
lates the intersections
between lines extend-
ing from the sensors
and obstacle lines from a known map of the environment.
A Matlab simulation of Balrog enables off-line generation of
sensor data. White Gaussian noise is added to the data ac-
cording to a sensor-specific noise model. The filter may then
be run with the simulated data as input for easier perfor-
mance valuation. A simulated run can be seen in Figure 3.

Plot GUI
This year a new plot GUI has been created to show sensor
values in real time. The GUI plots both raw and processed
sensor values. This makes it easy to detect malfunctioning
sensors and analyse the SDSP subsystem in real time.

Figure 4: Overview of plot GUI
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