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1. Motivation

Multiple mobile robots is an area of active research in embodied intelligence and it was argued that the use of multiple robots offers significant advantages over the use of single mobile robots e.g., distributed sensing, distributed action and task dependent reconfiguration.  One application of collaborative robots is in reconnaissance and sentry missions [Collaborative Mobile Robots for High Risk Urban Missions, Stanford University].  The main problem with such a system is that the robots have a fixed set of controls so a single weakness in a single robot can affect the entire population of robots.  For example, if a hostile element has found a way to stop a single robot, it can probably apply the same technique to trap the rest of the robots.  We envision a design whereby robots that can learn and evolve their controls (micro-evolution) through interaction with the environment and interaction with one another.  A single robot may not be able to survive the dangers it encounters but by passing its “experience” to nearby robots, it ensures survival of the population as a whole (macro-evolution).

In this project, we will prototype a single learning robot, built on the subsumption architecture.  The robot will start off as a “dumb” robot but will evolve its controls to avoid obstacles through trial and error.  This robot will serve as a building block for the learning aspect of these robots.  

2. Analysis & Design

2.1 A Survey of Robotic Controls in Artificial Intelligence

Deliberative Architectures

Deliberative architecture is based on symbolic AI, which is in turn, based upon physical-symbol hypothesis (Newell & Simon, 1976).  Deliberative control takes into consideration all of the available sensory information and amalgamates it with all is internal “knowledge” to create a plan of action.  A symbolic model of the world is explicitly represented and decisions are made based on logic reasoning.  The control searches through all the possible action plans until it finds a suitable one.  This search sequence can take a long time and is hence not suitable in situations where the robots must reach quickly. Furthermore, there is often a problem translating the real world into an accurate, adequate symbolic description.

Prodigy (J. G. Carbonell, C. A. Knoblock and S. Minton ,1991) is an example of a deliberative learning architecture.  In addition, deliberative architectures are more widespread in software agent technologies rather than robotic controls.  This makes sense because the world is itself a symbolic representation and time is often not a constraint in software.

Reactive Architectures

In sharp contrast to the deliberative architecture is the reactive architecture, where the perception is tied closely to the effector action. The architecture does not entail any kind of symbolic world model and does not use complex reasoning.  The reactive control is essentially a reflex mechanism where stimulus-response pairs govern actions.  The main advantage of such a system is that it allows the robot to respond quickly to changing environment where no a priori information is available.  The system requires small memories and does not computer or store representations of the world.    It however, lacks the ability to learn over time.

Behavior-based Architectures

A behavior-based architecture is one that is built from a collection of behaviors that achieve or perform certain goals.   By combining and controlling these behaviors, complex robotic actions can emerge.  This class of architecture originated from the subsumption architecture developed by Arbib and Brooks in the mid-1980s.  In this architecture, the robot control is built from bottom up, with task-achieving actions/behaviors as components.  These components can be executed in parallel and newly added components and layers are built on top of existing ones, without modifying with the way the existing components behave.  The notion of internal model is absent in this model as the “world is its own best model”.  The main limitation of this architecture is that the robot’s goal must be capable of being represented implicitly in the controller’s structure according to a fixed, pre-compiled ranking scheme.  The Genghis 
(Angle, 1989) is a six-legged robot built on the subsumption architecture.

Our design utilized the subsumption architecture because it is unrealistic to assume a model of the environment, especially if the robots are to be used in an environment with constant changes e.g., military reconnaissance.  Furthermore, we require the robot to exhibit some form of learning – something that is not supported in reactive architectures.  The subsumption model provides us with a number of basic FSM (finite-state machines) that the robot can be seen to turn on/off or modify depending on the environment i.e., the design can be summarized as a simple feedback-loop between the environment and the FSMs.

2.2 Subsumption Network Design

Figure 1 below shows the subsumption network design for the project.  A brief description is as follows:

· The left-speed and right-speed FSM are connected to the left and right motors of the robot.  They use a register to hold the set speed of the motors and ensure that the motors are moving at that speed

· The move-forward FSM provides equivalent signals to the left-speed and right-speed FSM to move the vehicle forward.  Whenever it detects that any of the motors have stopped, it writes into the registers of the appropriate FSM to restore the motor speed.  The speed of motor is provided by the left-speed and right-speed FSMs through a feedback loop.

· The turn-right FSM will suppress the signals from the move forward FSM to the right-speed FSM and writes a 0 into its register.  This stops the right from moving, causing the vehicle to effectively turn right.  This control is exactly symmetrical to the turn-left FSM.

· The explore FSM will have a random number as an input.  Using the random number as its input, the FSM may either suppress the input to the left-motor or right-motor FSM to cause the robot to turn left or right.  This decision is made at a periodic basis, using the FSM’s internal clock.

· The left-collision FSM takes an input from the left collision sensor, an active sensor that produces an input when a collision occurs.  The same happens for the right-collision FSM.  These two FSMs write into the input registers of the collision-resolve FSM

· The collision-resolve will decide (depending on left or right collision has occurred) to move the robot backward and turn in the opposite direction to avoid further collision.  It also feeds back this collision to the obstacle-avoid FSM.

· Finally, the obstacle-avoid FSM starts with an empty state i.e., it initially ignores the value of the obstacle sensor until the collision-resolve FSM informs it that a collision has occurred.  It then read the obstacle sensor and sets a threshold value equal to that returned by the sensor.  The next time the sensors reaches this value, it will stop the vehicle and turn the vehicle either left or right to avoid the obstacle.
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Figure 1: Subsumption Architecture for Robot
3. Project Plan

3.1 Implementation Design

We intend to prototype our system with the Lego Mindstorms Robotic Invention System 2.0.  Our choice for the RIS 2.0 is of its ease of use and extensive programming tools that are widely available, making it idea for constructing a prototypical robot. The system comes equipped with a suite of Lego bricks for easy modeling of the robot.  In addition, it comes with a RCX Microcomputer (inspired by the MIT Programmable Brick), which houses a Hitachi H8 8-bit microcontroller with 16-bit address space, 16K of ROM on-board and runs at 16 MHz.  In addition, the RCX also houses 32K of external RAM for the H8.  The RCX has an IR port for downloading programs (we will also utilize this IR port for obstacle detection later on) from the PC to the brick.  In addition to this microcontroller, the set also has two touch sensors, two DC motors and a single light sensor.  We may need to purchase additional sensors if the need arises but we estimate that the RIS 2.0 will cover 90% of our hardware requirements.

The RCX brick can be programmed in a variety of programming languages, including Microsoft Visual Basic (RCX default), C or C-like programming language (e.g., LegOS and NQC) and Java (leJOS).  Inspired by Jitter, the Mindstorms robot that was flown to space, we have decided to use Java as the programming language for the robot.  On a serious note, the Java API for the RCX supports multithreaded programming with priority, which is suitable for implementing the subsumption model.  Furthermore, the Java API also provides a random number generator that we will be using for the explore FSM in our design.

3.2 Milestones

The project will ideally begin on April 1, 2002 and conclude before May 1, 2002.  We intend to get a running robot within the first week of April 2002.  Interfacing the sensors and programming the robot will take one week each.  Finally, the last week will be used for testing and optimization purposes.  The finally, we intend to use the first week of May to prepare for the final report and presentation for this project, which is due on 10 May, 2002.
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