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Architectures for Robot Control

Controllers are classified into the following basic 
types of architectures: 

reactive, 
deliberative, 
hybrid, and 
behavior-based. 

These architecture types are inspired by 
biological systems, ranging from insect 
locomotion to human cognition. 



Reactive Control

Slogan: Don't think, react!
Reactivity: the ability to respond 
effectively to quickly changing and 
unstructured environments
Inspired by the tight coupling 
between sensory inputs and motor 
outputs in biological systems
Enable animals to respond to a 
variety of changing conditions, 
threats, and opportunities.
Biological equivalent: stimulus-
response

Braitenberg vehicle

http://people.cs.uchicago.edu/~wiseman/vehicles/



Characteristics

Quick response
Computationally fast
Lack of internal models
Lack of ability to learn or change over time
Capable of maintaining a short-term state that 
can allow them to avoid repetitive actions and 
cycles (e.g., getting stuck in corners)

Reactive Control



Application to robotics

All robots situated in the physical world
contain a reactive controller as a part of 
the control system, thus ensuring the 
robot's ability to survive in the 
environment, as a necessary foundation 
for performing any of its higher-level tasks.
E.g. Navigation in corridors in a populated 
building

Reactive Control



Taxis: Innate Behavior Controller

A taxis (plural taxes), is an innate behavioral response by an organism to a directional 
stimulus. 
Stimulus-response = Reactive controller
Types:

Anemotaxis (stimulation by wind)
Barotaxis (pressure)
Chemotaxis (chemicals)
Galvanotaxis (electrical current)
Geotaxis (gravity)
Hydrotaxis (moisture)
Magnetotaxis (magnetic field)
Phonotaxi (sound)
Phototaxis (light)
Rheotaxis (fluid flow)
Thermotaxis (temperature changes)
Thigmotaxis (physical contact)

http://en.wikipedia.org/wiki/Taxis



Deliberative Control

Slogan: Think hard, then act!
Grew out of work in AI; focused on cognition. 

Reactive control grew out of feedback control; 
focused on action.

The emphasis is on knowledge, not reaction. 
Inspired by complex decision making processes 
in human, such as planning a trip, buying a 
house, or making a chess move. 



Characteristics

Employs rich internal representations and 
complex reasoning engines to derive 
optimal plans for action. 
Not capable of reasoning about real-world 
situations requiring immediate answers
Computationally heavy

Deliberative Control



Application to robotics

Deliberative control allows the robot to act 
strategically, selecting the best course of action 
for a given situation, provided that: 

there is sufficient time and 
information to maintain an accurate world model, 

However, being situated in a noisy, dynamic 
world usually makes this impossible. 
Therefore, real-world robots are almost never
purely deliberative. 

Deliberative Control



Hybrid Control
Slogan: Think and act independently, in parallel!
Combines the best aspects of reactive and deliberative 
control:

Real-time response of reactivity 
Rationality and optimality of deliberation. 

Considered to be the architecture of human intelligence: 
combining the evolutionarily older and lower-level reactive 
capabilities 
with the newer, higher-level reasoning and linguistic systems. 

For example, consider the human ability to plan a route 
and drive to a goal location while being able to react to 
unexpected circumstances, perhaps a suddenly stopped 
car to a blocked road. 

Deliberative Control



Characteristics

Contains at least two fundamentally different 
components: 

reactive component: deals with the robot's immediate needs and 
responses, e.g. avoiding obstacles; operates on a very fast time-
scale; using direct, external sensory data and signals
deliberative component: uses highly abstracted, symbolic 
internal representations of the world; operates on them for a 
longer time.

The components must interact to produce a coherent 
system-level output
If the outputs of the components are not in conflict, the 
system requires no further coordination.

Deliberative Control



Conflict Resolution
The reactive system must override the deliberative one, if 
the world presents an unexpected and immediate 
challenge
The deliberative component must inform the reactive one 
of such challenges in order to guide the robot toward 
more efficient and optimal plans of action. 
The interaction of the two such different parts of the 
system requires an intermediate component, whose 
construction is typically the greatest challenge of hybrid-
system design. 
Hybrid systems are often called "three layer systems," 
consisting of the reactive, intermediate, and deliberative 
layers. 

Deliberative Control



Behavior-Based Control
Emerged out of reactive control
An alternative to hybrid control
More directly biomimetic
Spinal fields, found in frogs and rats are coded for 
complete primitive movements (or behaviors), such as 
reaching and swiping
These fields are additive. when multiple fields are 
stimulated, the resulting movement is a meaningful 
combination. 
The spine codes a finite number of such fields
They represent a basis set of primitives, an elegant 
and parsimonious design for control. 



Bizzi E, Giszter SF, Mussa-Ivaldi FA (1991) Computations underlying the execution of 
movement: a biological perspective. Science 253:287-291



Characteristics
The controller consists of a collection of behaviors
A behavior achieves and/or maintains a specific goal; 
e.g., avoid obstacles, and go home
Each behavior is a processing element, a procedure, or a 
control law that can be implemented either in software or 
hardware
Behaviors can take inputs from the robot's sensors (e.g., 
camera, ultrasound, infrared, tactile) and/or from other 
behaviors 
They can send outputs to the robot's effectors (e.g., 
wheels, grippers, arms, speech) and/or to other 
behaviors in the system
Consequently, a behavior-based robot is controlled by a 
structured network of interacting behaviors.

Behavior-Based Control



Behavior Coordination
Fusion: Cooperation of behaviors

Voting 
Fuzzy inference
Multiple-objective decision theory
Superposition: e.g. Potential fields

Arbitration: Competition of 
behaviors

Priority-based: e.g. Subsumption
State-based: e.g. Finite State 
Automata, Reinforcement Learning

Fusion: Superposition

Arbitration: Subsumption

Behavior-Based Control



Attractive potential field

potential fields



Repulsive potential field

potential fields



Multiple fields

The potential field generated when there is a goal and an obstacle

potential fields



Path planning

potential fields

The trajectory experienced by a robot when there is a goal and an obstacle.



Tangential fields

potential fields



Uniform field

potential fields



Perpendicular field

potential fields



BOID: an example of using potential fields for 
creating flocking behavior in artificial creatures

http://www.red3d.com/cwr/boids/

Cohesion: steer to move toward the 
average position of local flockmates

Alignment: steer towards the average 
heading of local flockmates

Separation: steer to avoid crowding 
local flockmates

potential fields



2 Watch Motors

Radio Communication
⇒ Monitoring
⇒ Debugging

LiPoly Battery
⇒ 190mAh
⇒ 4h autonomy

2 PICLF6720
μProcessors
⇒ Low level tasks
⇒ High level tasks

12 IR Proximity 
Sensors

2 Photodiodes

Linear Camera

IR Receiver

Example: InsBot
Behavior-Based Control



Alice
Developed by Dr. Gilles Caprari, 
EPFL
Description

Dimensions: 22mm x 21mm x 
20mm
2 Swatch motors (lavet) with wheels 
and tires

Velocity: 40 mm/s
Microcontroller PIC16F877 with 8K 
words program memory
NiMH rechargeable battery

Power consumption 12 - 17 mW
Power autonomy up to 10 hours

4 x IR proximity sensors
Communication: 

Receiver for remote control
local communication through IR 
proximity sensors: 6cm

Extension modules
Linear camera 102 pixels
Bidirectional radio communication
Tactile sensors

Behavior-Based Control



Behavior Architecture for InsBot

The perceptual schema is 
responsible for sensor 
fusion to detect different 
objects around the robot. 
The motor schema is 
responsible for choosing 
proper behavior for the 
current situation, 
decomposing them to 
simpler behaviors, and 
computing the final output.
The final output is 
mapped to an action

Sensors Perceptual
Schema

Motor
Schema

Actuators

B1

B1-1 B1-2 B1-3

Perceptual schema:
Read the sensors, 
run sensor fusion algorithms and 
detect objects around

Motor Schema
Select the next behavior
Decompose the behavior to simpler ones
Compute the output of the simpler behaviors (a 
force vector)
Compute the resultant forces
Transform the resultant forces to the velocity of 
the left and right wheels

Behavior-Based Control
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Each behavior is 
a potential field
that generates a 
force vector.
The resultant 
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weighted sum of 
these vectors.
The resultant 
vector is mapped 
to an action, 
afterwards

InsBot Motor Schema
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Layer 4 – Group

Rob+ Rob-Rob± Obs+ Obs-Obs±

Attraction

Cohesion

Grouping

Watching

Distribution

Dispersion

Avoidance

Layer 3

Layer 4

Motor schema Behavior Fusion
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Computing forces

Obstacle avoidance

Motor schema Behavior Fusion
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