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Intelligent Robots

‣ A robot is a special type of agent: it is physically situated in the real 
world, while a software agent is situated in a virtual world like for 
example the World Wide Web, a simulation (think about videogames 
or confines of a software system. 

‣ An intelligent robot is able to sense its environment and act on it in 
order to achieve its goal.
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Typical Subsystems of Robots

‣ The five major subsystems of robots are: 

‣ Effectors: subsystems for movement, such as wheels or legs and 
manipulation/grasping. 

‣ Perception: subsystems for sensing that provide a robot with the 
equivalent of the five senses: sight, hearing, smell, taste and touch. 

‣ Control: subsystems for controlling inner state of the robots,  planning and 
execution of actions, etc. 

‣ Communications: subsystems for communication with the other agents 
and operators.  

‣ Power: subsystem for providing power to all the other subsystems.
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Unmanned Ground Systems
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Source: Robin R. Murphy. Introduction to AI Robotics. MIT Press. 2019. 
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 Modalities of Unmanned Ground 
Systems

‣ Humanoid: anthropomorphic robots (Honda P3, Sony Asimo, 
Alderaban Nao, etc.). 

‣Mobile robots: non anthropomorphic robots (Roomba, NASA 
Rovers, etc.). 

‣Motes: miniature robots (unattended ground sensors).
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Unmanned Aerial Systems

Aerial
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Source: Robin R. Murphy. Introduction to AI Robotics. MIT Press. 2019. 
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Modalities of Unmanned Aerial Systems

‣ Fixed wing-aircrafts: aircrafts that look and like as planes (US 
Defense Predators and Global Hawks). 

‣ Rotor-crafts: vertical take-off and landing (VTOL) platforms (Yamaha 
RMAX) 

‣Micro UAVs (MAVs): systems that less two meters in any 
characteristic dimension for example wing span, rotor blade length or 
fuselage. MAVs can be either fixed-wing or rotorcraft.
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Unmanned Marine Systems
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Source: Robin R. Murphy. Introduction to AI Robotics. MIT Press. 2019. 
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Modalities of Unmanned Marine Systems

‣ Surface systems: systems/vehicles that move over the surface of 
water. 

‣ Unmanned underwater systems: systems/vehicles that submerge 

‣ Autonomous underwater vehicles (AUV): systems/vehicles that are 
not tethered and are not in constant communication with an operator. 

‣ Remotely operated vehicle (ROV): systems/vehicles that are tethered 
and can be controlled in real time. 

‣ Hybrid systems: systems/vehicles that are able to move and 
submerge.
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Key Questions

‣What is the difference between automation and autonomy? 

‣Why does it matter that there is a difference between autonomy and 
automation?
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Examples

‣ 9

Source: Robin R. Murphy. Introduction to AI Robotics. MIT Press. 2019. 

AutonomyAutomation
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What is the Difference between 
Automation and Autonomy?

‣ One possible answer is that automation is about robots as tools and 
autonomy is about robots as agents. 

‣ However, the different is very blurred in practice. One possible way is to 
discuss the differences (in a continuum) in terms of four characteristics: 

‣ Does the system focus on execution of plans versus generation of 
plans? 

‣ Does the system use a close or an open-world model? 

‣ Does the system use deterministic or non-deterministic algorithms? 

‣ Does the system manipulates signals or symbols/concepts?
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Choice between Automation and 
Autonomy

‣ This is a key design choice: elements of autonomy will lead to 
different types of failure modes, different types of programming, etc. 

‣ Thinking about vulnerabilities and implications is fundamental. 

‣ Autonomy also raises very important ethics questions about 
responsibility, liability, agency, etc. 

‣ Most of the systems in reality will be a blend of both.
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Choice between Automation and 
Autonomy

‣We essentially lack design rules: it is very difficult to say in general when 
autonomy is better than automation. 

‣ Autonomy is problematic in terms of testing (non-deterministic behaviour). 

‣ Automation lacks adaptivity: 

‣ Think about a welding robot: if something is out of place, the robot will 
not adapt easily. 

‣ Adaptation and the possibility of planning ahead also in presence of 
unexpected situations is one of the most important characteristics of 
autonomous systems.
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Models: Open vs Close World Models

‣ In order for a machine to understand the world, there has to be a computationally relevant 
representation called a world model. 

‣ If the robots has only navigational capabilities, the world may consist of a map with objects. 

‣ A representation of the world is not necessarily spatial. 

‣ If the robot interacts with other agents, it may need to represent what it thinks about 
the other agents (in terms of beliefs, intentions, etc.). 

‣ The world can be a collection of world models. 

‣ A world-model maybe pre-programmed into a robot, may be learned by a robot (or a 
combination of both). 

‣ Examples of pre-programmed information are: rules, constraints, maps, etc.
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Closed-World and Open-World 
Assumptions

‣World models are classified as being closed-world or open-world. 

‣ The close-world logic assumption says that everything possible is known. 

‣ In formal logic, this means that any object, condition or event that is not the 
database is false. 

‣ Closed-world assumption in Jurassic Park. 

‣ The algorithm for a robot operating under the open-world assumption assume that 
the list of possible states, objects or conditions cannot be completely specified. 

‣ See applications of machine learning for adding knowledge or function 
approximation in reinforcement learning for states that might not be present in 
a q-table.
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The Frame Problem

‣ Related to the closed-world assumption is the frame problem, which 
refers to the problem of correctly identifying what is unchanging in the 
world and, thus, does not require constant updating, thereby 
reducing computation. 

‣ Typically, control-theoretic approaches to robotics are based on 
closed-world models, whereas AI-based ones on open-world models.
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Example: Industrial Robot
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Source: Robin R. Murphy. Introduction to AI Robotics. MIT Press. 2019. 
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Example: Mars Rover
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Source: Robin R. Murphy. Introduction to AI Robotics. MIT Press. 2019. 



Autonomous and Adaptive Systems 2019-2020 Mirco Musolesi

Example: Roomba
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Source: Robin R. Murphy. Introduction to AI Robotics. MIT Press. 2019. 
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Bounded Rationality

‣ The concept of bounded rationality was introduced by Herbert 
Simon, one of the AI pioneers: 

‣ Decision making capability of all agents, human or artificial, is 
limited by how much information they have, their computational 
abilities and the amount of time they have available to make a 
decision. 

‣While a robot may dynamically adapt or replan to overcome the 
occurrence of unexpected events, it cannot go beyond to what it was 
programmed for (including machine learning algorithms).
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Self-driving Cars

‣ Self-driving cars are very special case of unmanned vehicles. 

‣ with a human (or humans) on them. 

‣ One of the most interesting applications of autonomous systems 
technology. 

‣ Big economic impact: 

‣ Urban planning (think about planning). 

‣ New applications also given the fact people will have more time 
during trips.
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Source: America’s Electric Light and Power Companies (circa 1950s). 



Autonomous and Adaptive Systems 2019-2020 Mirco Musolesi



Autonomous and Adaptive Systems 2019-2020 Mirco Musolesi



Autonomous and Adaptive Systems 2019-2020 Mirco Musolesi



Autonomous and Adaptive Systems 2019-2020 Mirco Musolesi



Autonomous and Adaptive Systems 2019-2020 Mirco Musolesi

Self-driving Cars

‣ Self-driving cars are complex engineering systems that rely on several 
technologies that have been developed in the last decades or even 
before like in the case of radars. 

‣ Key problem is real-time perception and processing of information 
from the environment. 

‣ Real-time understanding and decision making is fundamental. 

‣ Multiple data streams are merged together to get a picture of the 
environment and to take decisions.
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High-Definition Digital Maps

‣ A car uses GPS in order to identify its position on a high definition 
map. 

‣ It is common for a car’s operating system to calculate its current 
location by relying on visual cues in the flow of real-time sensor data 
that describe the nearby environments. 

‣ High-definition maps are not only about 2D data, but also presence of 
objects, etc. 

‣ Maps are updated in real-time using liar technologies.
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Digital Cameras

‣ Self-driving cars have specialised digital cameras that also analyse the 
image in real-time. 

‣ In this way the camera can eliminate irrelevant information. 

‣ The data stream might also contain information about the list of objects 
contained in the video stream (through application of computer vision 
techniques and deep learning for example). 

‣ Different cameras are used for a 3D reconstruction of the scene. 

‣ Having 8+ cameras is common. 

‣ Issues with cameras: faults, dirt, etc.
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Source: Uber.

Credit: Nvidia.
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Lidar

‣ Lidar is used for measuring distances by illuminating the target with 
beams of laster light and measuring the reflection using a sensor. 

‣ This provides a 3D representation of the environment. 

‣ Lidar data are combined with GPS data and information from IMUs 
(accelerometers and giroscopes). 

‣ The data generated by lidar is fed to software that arranges the 
information in a digital model called a point cloud. 

‣ Highly effective for slow moving situation (for example cross-roads), 
but not for emergency driving situation.
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Lidar

‣ Since they cannot use for taking instantaneous decisions, lidar is 
used together with cameras. 

‣ Cameras are improving every year and some of the self-driving cars. 

‣ Declaration of Tesla CEO Elon Musk in 2015: “I don’t think you 
need lidar. I think you can do this all with passive optical and then 
with maybe one forward RADAR. I think that completely solves it 
without the use of lidar. I am not a big fan of lidar. I think it does not 
make sense in this context”.
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Credit: Wikimedia.
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Source: Uber.
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Radar

‣ A radar sensor detects the presence of physical objects in the nearby 
using electromagnetic wave echo.  

‣ A radar device sensor consists of a transmitter, the unit that setds the 
electromagnetic waves, and a receiver, the device that processes the 
“echo”. 

‣ If the waves do not encounter an object in their path, the waves 
continues until they are lost in the distance. 

‣ If they do encounters an obstacle, you get the reflection. 

‣ Radio waves travel at speed of light.
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Radar

‣ A radar sensor can look in a particular narrow direction, so most radar 
are mounted in arrays that overlap slightly. 

‣ On a driverless car, a typical configuration will be that three radars will 
be mounted side by side in a way in order to obtain a 180 degrees 
coverage. 

‣ For autonomous driving, the great advantage of radars is that, unlike 
cameras, they can see through fog, rain, dust, sand, blinding lights, 
etc. 

‣ Another advantage of a radar sensor is that it can detect not just the 
position of an object but also its speed (because of the Doppler effect).
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Radar

‣ On a self-driving car, radar detectors complement the visual sensors in 
figuring out the surrounding environment.  

‣ By sensing the size, density, speed and direction of nearby objects, the 
radar collects information that can be compared against the images from 
digital cameras and the 3-D point cloud from the lidar sensor. 

‣ Similar to the process used by advanced cameras, a modern radar sensor 
process raw information in a target list consisting of objects, alongside 
with their size, location and speed. 

‣ The radar does not report the presence of the road/tarmac. 

‣ Static objects are not considered as well.
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Credit: Nvidia.
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Ultrasonic Sensor (Sonar)

‣ A sonar sensor detects the position and speed of objects based not 
he time, frequency and sja[e pf spied waves reflecting off the 
surfaces. 

‣ A sonar device is composed of two subunits: an emitter and a 
receiving sensor. The emitter generates sounds wave that have a 
frequency above 20 kHz and sound beyond the range of human 
hearing. 

‣ The received listen from the echoes from the emitted sound waves 
and processes them.
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Ultrasonic Sensor (Sonar)

‣ Like radar sensors they can see through fog and dust and they are 
not blinded by the sun. 

‣ Since sound waves travel much more slowly than electromagnetic 
waves, they can detect smaller objects at much higher resolution. But 
since their energy decays rapidly with distance and wind, sonar can 
detect object only at a much closer range. 

‣ For this reason they are used for parking.
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Credit: Bosch.
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Putting everything together

‣ All this information is processed in real-time using data fusion and 
computer vision techniques, recently based on deep learning for image 
understanding, etc. 

‣ Different methods are used to reconstruct a scene. 

‣ One of the most famous algorithms is called SLAM (simultaneous 
localisation and mapping). 

‣ It consists in constructing and updating a map while simultaneously 
keeping track of the position on it. 

‣ Various approximation methods: particle filters, extended Kalman 
filters, etc. 
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Source: Uber.
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Source: Intellias.
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Source: SAE International. 
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