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Find the peril
Landmines kill 15,000 - 20,000 persons annually and to a great extent

the victims are children, women and elderly people. These weapons don’t

distinguish between friend and foe, and are scattered in roughly 78 coun-

tries around the world. The customer Saab Dynamics has ordered an

autonomous mine sweeping system that has been developed during sev-

eral years by different groups. The long term objective of the system is

to be able to perform autonomous mine sweeping of an area, while map-

ping the environment. The 2014 mine sweeper tracked vehicle project

has consisted of three main objectives:

• Integrate a 2D laser scanner

• Develop algorithms for improved positioning and obstacle detection

• Integrate a new, more powerful computer

These objectives resulted in the mounting of the new computer and an

RP-LIDAR laser scanner. Algorithms for obstacle detection and extract-

ing of lines have been implemented together with a marginalised particle

filter and a new map structure.

System overview
The main components of the Balrog system are:

• Tracked vehicle

• Base station computer

• Xbox hand controller

The purpose of the base station is to supervise the search procedure

through a map, and to control the vehicle with keys or by sending way-

points. Through the hand controller, a user can control the movement of

the vehicle in all four directions. The vehicle consists of:

• MMP30 robot platform

• Industrial computer - Intel Core i7 4770S Haswell, 8 GB DDR3

• Arm processor (for movement control)

• Wireless router

• Sensors: IMU, Odometers, GPS, LIDAR

Filter
A marginalised particle filter has been implemented. Each particle is rep-

resented by 6 states: 3 linear and 3 non-linear. Each particle undergoes a

particle filter update step where the weights are updated according to the

measurements. The particles are then re-sampled so that the particles

with the highest importance are kept while the others are out-sampled.

To make calculations more effective parallel computing is utilised. Each

particle is independent so multiple particles can be estimated simultane-

ously using the multiple cores available on the Balrog. At 10 Hz there

were no deadline misses using up to 10,000 particles, resulting in 100,000

Kalman estimations per second!

Laser scanner
The RP LIDAR laser scanner rotates, measuring the angle and the dis-

tance to objects within around 6 m. The output also contains the quality

of the reflected beam. The optimal scan rate (frequency for completing

a rotation) is 5.5 Hz.

The sensor performs well indoors and outdoors, even in quite sunny con-

ditions. Problems have been observed with detecting black and polished

surfaces.

Using the LIDAR, Balrog can extract lines based upon obstacles from

the environment, and send them to a map. The lines are used to plan the

route, and in the future they could be used for performing Simultaneous

Localisation And Mapping (SLAM).

Detected edges are marked by a diamond. Using RANSAC (RANdom

SAmple Consensus), suitable lines (yellow) are extracted between the

edges. Lines between random points between the edges are created, and

by calculating distances between the line and the remaining points, it is

decided if one should randomise again, or if the lines are good enough.

Software development
An extensive effort to make the code useful for the future has been made.

Doxygen comments explain the purpose of each function and 99 differ-

ent unit tests verify that each subsystem performs adequately, which is

important when modifying code that may influence other parts.
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