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1 Introduction

This document gives an overview of how the autonomous mail robot is going to be de-
signed. It specifies what hardware is used and the basic structure of the software.

2 Overview of the System

The system consists of a MobileRobots P2-DX robot with a HP ProBook 6450b laptop
mounted on it. The laptop runs the application that controls the robot and could also
be used as an interface if a user wants to manually control the robot or view the robot’s
map. The robot and the laptop communicate via a RS232 serial port.

Figure 1: Overview of the system.

2.1 Subsytems

This section includes a short description of the subsystems.

2.1.1 Robot

The robot is a wheeled MobileRobots P2-DX robot equipped with odometers, a laser,
sonars and a microcontroller (MC). The microcontroller receives data from the sonars
and odometers. It also sends control signals, calculated by the software on the laptop, to
the servos.

2.1.2 Laptop

The laptop receives sensor data from the laser and the robot’s microcontroller. It is also
responsible for the software which handles SLAM, trajectory planning and calculation of
the control signals.
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3 The Robot

The robot has two drive wheels with encoders for measuring their angular position/speed.
It also has two range sensors, a sonar array and a Sick LMS200 laser range finder, both
facing forward and with a field of view of 180◦. The laptop is connected to a microcon-
troller in the robot that is responsible for reading sonar and odometry data as well as
controlling the motors. The range data from the laser is sent to the laptop through a
RS232 connection.

Figure 2: MobileRobots P2-DX robot.

3.1 Odometers

The robot wheels have 800 tick quadrature shaft encoders that is used to provide wheel
position and speed estimates.

3.2 Laser Sensor

The SICK LMS200 has a field of vision of 180◦ and an angular resolution that can be set
to 0.25◦, 0.5◦ or 1◦. The resolution in the range measurements is 10 mm and the accuracy
typically ±15 mm. The range is 10 m for 10 reflectivity, which corresponds to cardboard,
and can be up to 32 m for more reflective materials. The sampling rate is around 4 Hz.
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3.3 Sonar Sensors

The robot has an array of eight sonars in directions ±10 ◦, ±30 ◦, ±50 ◦ and ±90 ◦ (where
0◦ is straight forward). Both the acquisition rate and the sonar gain are adjustable. The
acquisition rate is 25 Hz by default and the sensitivity ranges from 10 cm to over 4 m,
depending on the gain. One important feature of the sonar is that it can detect transparent
objects, which the laser can not.

4 The Software

The application is written in C++ and uses the ActivMedia Robotics Interface for Appli-
cation (ARIA) library for all communication with the robot. ARIA has utilities for both
receiving data from the sensors and controlling the motors.

The program can be divided into three subsystems with specific tasks according to the
following figure.

Figure 3: Program structure.

4.1 SLAM

This subsystem is responsible for the simultaneous localization and mapping (SLAM).
Sensor fusion is used to estimate the robots position and heading in a map and to update
the map as changes are observed. Here, sensor models and a motion model of the robot
together with data from all the sensors are used.

Since the laser is the most accurate of the two sensors its measurements will have a greater
impact on the estimated robot pose (position and heading) and map. A problem with the
laser is the inability to detect certain objects, e.g. glass. The detection of these objects
will be the main task for the sonars.

The map that the program uses can either be an existing one that has been translated to
the appropriate representation or be created while a user drives the robot around. The
most likley map representation to be used is an occupancy grid map. Here, the map is
divided into a number of cells of equal size where each cell has a probability of being
occupied or not.
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The SLAM system receives odometry data and range data from the laser and sonar. It
then produces a map that is sent to the trajectory planning unit. The estimated position
and heading of the robot is also sent to the trajectory planning unit.

4.2 Trajectory planning

The purpose of this subsystem is to find a route from the current position to a given point
in the map. If a user has defined forbidden zones in the map the program should consider
this when planning the route. The trajectory planner gets a map and robot pose from
the SLAM system and sends a route to the control system.

4.3 Control

When the route is planned the program will use a control algorithm to make the robot
follow the route. To avoid collisions the robot will take appropriate actions (slowing down,
stopping, perhaps replanning the route) when detecting unexpected new objects, such as
humans.

The control system receives a route from the trajectory planner and sends control signals
to the motors. It also uses feedback from the odometers to make sure it keeps on track.
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