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TODAY'S AGENDA 

1. Robotics and Real-Time Systems 

2. Reacting to the environment around them 

3. Artificial Intelligence 

4. Can robots think like humans? 



ROBOTICS: AN OVERVIEW 

• Combines the fields of mechanical engineering, electrical engineering, and 
computer science 

• Deals with design, construction, operation, and application of robots, along 
with computer systems for their control, sensory feedback, and information 
processing 

• Robots are designed to automate tasks from the mundane to the dangerous 
and can operate autonomously (independently without human input) 



REAL-TIME SYSTEMS 

• Computer system where the "correctness" of an outcome depends on whether 
or not the system carried out the task expected of it and on how much time it 
took 

• Delay is the enemy! 

• Functions of a real-time system 
• Data collection from its environment 

• Direct digital control over the objects it controls 

• Man-machine interface... Inform the human of the state of its environment 



PARTS OF A REAL-TIME SYSTEM 
• Operator cluster 

• Think computer user or Homer Simpson at his job, and you've pretty 
much got it... 

• Really won't come into play with autonomous robots unless one makes 
a REALLY big error where a human needs to intervene 

• There's typically kill switches or other fail-safes for that 

• Computational Cluster 

• The brains of an operation 

• Program controlling a RTS, usually from a microcontroller or other 
embedded system 

• Controlled Cluster 

• Physical objects being controlled, like a motor 



DATA COLLECTION FROM THE ENVIRONMENT 

• Robots use sensors to collect information about its environment 

• Sensors may provide various types of output, but in terms of robotics, this is 
usually in the form of electrical signals 

• Typically sent to the computational cluster as the machine language we're all familiar 
with, logic 0 or 1 

• Voltage low or high, respectively, which constitutes those electrical signals mentioned 



WHAT DO WE DO WITH THAT DATA? 

• Data becomes information about the 
environment when we give it 
meaning 

• Assign meaning through the program 

• Example: Sonar sensor 

• What would we do if the sensor 
gave us a value of, say, 3? 

 



DIRECT DIGITAL CONTROL 

• That value of 3 could mean 3 centimeters away from a wall... 

• Assign the sonar input to a variable in the program 

• If the input is less than or equal to three... 
• Computational cluster could then send instructions to the controlled cluster (let's use motors) 

• Tells one motor to rotate clockwise and the other counter-clockwise in order to turn 

• Do this for a certain number of seconds to achieve that desired 90-degree turn 

• Involves a little human trial-and-error to get that turn juuuuuuuuust perfect 



SENSORS AT WORK 

• Harvard University's Kilobots 

• Bounce infrared light off the surface 
they operate on 

• How close they are to other bots 
depends on how bright the infrared 
is 

• Use this information to localize 
themselves and form shapes! 

 





ARTIFICIAL INTELLIGENCE 

• The "intelligence" exhibited by a machine 

• Defined as "the study and design of intelligent agents" 
• An "intelligent agent" is a system that perceives its environment and takes actions that 

maximizes its chances of success 

• Hey, that sounds like an autonomous robot! 

• Some AI algorithms are much more computationally intensive and can move 
beyond real-time systems and robots to draw inferences about data used in 
data mining and several other uses 



GOALS OF AI RESEARCH 

• Reasoning 

• Knowledge 

• Planning 

• Learning 

• Natural Language Processing (Communication) 

• Perception 

• Ability to move and manipulate objects 

• Long-term goals: General Knowledge 



ONE FORM OF AI: DEEP NEURAL NETWORKS 

• System of paths and nodes primed with different weights to map an input to a 
predicted output 

• Back propagates to adjust the weights depending on the outcome of the test 

• Time-intensive training process but produces very fast, accurate results when 
trained 

• Also very computationally-intensive 



IBM'S WATSON AND DEEPQA 

• Based off of similar deep belief networks 

• After being asked a question, Watson performs a primary search for material 
related to the question asked 

• Performs a soft filter on the results to eliminate least likely answers 

• Remaining material goes towards hypothesis and evidence scoring 

• Scores are then combined into an overall evidence profile, merging answers, 
and determining a ranking and confidence estimation before selecting a final 
answer 



ONE APPLICATION OF WATSON? HEALTHCARE! 



THE GENERAL KNOWLEDGE GOAL 

• Could a robot ever think like a human being? 

• With the current state of AI, the robot would only execute the instructions in 
accordance with the program that it is given 

• Going back to Watson, it will only deliver a likely healthcare diagnosis based on the 
symptoms a user tells it (and possibly any scan results) 

• It won't display any sort of emotional intelligence or human-level reasoning beyond that 



HOWEVER! 

• The OpenWorm project has simulated a C. elegans roundworm 
• 302 neurons and 7,000 synapses 

• Modeled in code by a series of paths and nodes 

• They were labeled sensory neurons, motor neurons, and interneurons 

• Digital neurons sum input signals and fire whenever it exceeded a threshold 

• The robot the simulation was uploaded to behaved much like a real worm would 
given similar sensory stimulation 

• It did this without anything in code that said "stop and turn around whenever you get 
this close to the wall", etc. 



HOW ABOUT HUMANS? 

• We have about 86 billion neurons and 100 trillion synapses and no complete idea 
how the human brain works and is laid out 

• We're always learning something new about the human brain 

• We would have to first completely reverse engineer the human brain 
• Ray Kurzweil, Director of Engineering at Google and prominent academic on technological 

singularity, predicts that this will be in 2023, but I doubt it 

• Second, this will be INCREDIBLY computationally-intensive 
• Don't fail us now, Moore's Law! 

• It COULD very well one day be possible, though! 



"Everything we work on is a 
fairytale until we make it a 
reality." 

- Dr. Michael V. Doran 



"The best way to predict the 
future is to invent it." 

- Alan Kay 
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