IAT 267 Review

Lecture 1 – Technological Systems
-Technological systems – can be mechanical, electrical, hydraulic, etc.
-Computer-based technological systems of interest to the course
-Embedded systems – processor is hidden (microcontroller systems)
-Controlled by an embedded processor
-Contains a microprocessor (CPU on a single integrated circuit)
-Contains a sensor (device that measures external values and converts them to usable digital data or a signal readable by a user)

-Contains an actuator (mechanical device for moving or controlling a system, such as a motor)
-Examples: microwave, heart rate monitor, handheld gaming device, etc.

-Why study tech. systems?  

-Abstraction – understanding components and how they work together
-Hardware and Software – knowing and understanding both and how they work together, and their capabilities and limitations

-Need to know: how to use the tool, how to design systems, how the system works, how data is represented, how an algorithm works with certain devices, how to collect data from sensors, process it using programs, output it using actuators

-Computer systems – two big ideas
-Universal Computing Device

-All computers, given enough time and memory, are capable of computing the same thing

-Turing Machine – Turing’s thesis – every calculation can be performed by a Turing machine, each of which can perform a type of calculation (e.g. Turing machine for addition, Turing machine for multiplication, etc.)
-Universal Turing Machine – Turing machine that can implement any Turing machine and thus perform any calculation – this is a computer (as it is programmable like the UTM; since a computer can emulate a UTM, it is a universal computing device)

-Problem-solving with a computer - understanding the technology, describing the problem algorithmically, dialogue between program and programmer

-This theory is compromised by some real-world constraints; computers do not have the same amount of time and memory, and cost, time, and power all affect a computer’s ability to compute 
-Transformation Between Layers
-Problem stated in natural language

-Defining the problem using language – may be imprecise, vague, ambiguous

-Algorithm

-Procedure, using logic and algorithm to ensure that the program will succeed on a basic level, is computable
-This is software design – choosing algorithms and data structures
-Programming Language
-Express the algorithm using high- and low-level language

-This is programming – using language to express the design
-Instruction Set Architecture

-Specifying the set of instructions the computer can perform, data types and addressing
-This is compiling/interpreting – converting programming language to machine instructions
-Microarchitecture

-Organization of a processor implementation – various implementations of an instruction set architecture
-This is processor design – choosing structures to implement the instruction set architecture
-Circuits

-Combining basic operations to realize microarchitecture using logic gates and circuitry
-Many different ways to implement a single function
-This is logic/circuit design –gates and low-level circuits to implement the components
-Devices

-Properties of materials and their manufacturability
-This is process engineering/fabrication –developing and manufacturing lowest-level components
-Purpose of computer systems

-Turning data (raw input, facts and figures) into information (data that has been summarized and manipulated for use in decision making)
-Hardware (machinery and equipment in the computer) vs. software (electronic instructions that tell the computer how to perform a task)

-Basic operations of a computer
-Input – what goes into a computer system (registered key presses, mouse clicks, etc.)
-Processing – the manipulation a computer does to turn data into information
-Storage – used to store data

-Primary storage (RAM) is temporary

-Secondary storage (removable and hard disks) is permanent

-Output – what comes out of a computer (images on the monitor, sound, printed files, etc.)
-Communication – sending and receiving data

-Key concepts of technological systems
-Iterative Design
-Design cycle – risk analysis and planning, requirement analysis, design, implementation, testing, evaluation, risk analysis and planning, etc.

-All stages of design are subject to this iteration
-Trade-offs

-There is no one right answer; each solution has its own benefits and drawbacks
-Solving a problem can create others (compression and decompression lowers filesize and transfer time, but uses time to compress and decompress the .zip or .rar file, for example)
-Real-world constraints

-Constraints such as cost or power available can hamper a design
-In a purely computation system, time and memory are constraints
-In a physical system, mass, volume, friction, gravity, etc. can all be constraints
-Feedback

-Negative feedback: a system, when perturbed, will seek to return to its initial state (e.g. an elastic band may be acted upon by external forces, but when laid to rest, will revert to its initial form) – deviation from the initial state drives the system back to that state
-Positive feedback: a system, when perturbed, will seek to move away from its initial state (e.g. a ball on the top of a hill may be pushed down the hill, and will continue to roll away from its initial position) – deviation from the initial states drives the system further away from that state
-Managing complexity
-Black-box devices – abstraction; programmable devices that can be used effectively without a detailed knowledge of how they work
-Modularity – composing reusable systems out of mix-and-match parts
-Using the computer as a central part of technological systems, extending it to other parts (using sensors to detect data, using Arduino to program and gather information from the sensor and generate output, using the power of the CPU in the computer itself)
-A computer system does not necessarily need a computer workstation to be functional – can use embedded systems (e.g. a thermostat display system)

Lecture 2 – Von Neumann Architecture and Instruction Processing
-Computer systems are ubiquitous – everywhere (general use – computer workstations, PDAs; special use – cash registers, ATMs; embedded – games, medical equipment)
-Computer organization is a gap between the intended behaviour of a system and the workings of the underlying parts that do the work

-A general-purpose computer is like an island that bridges that gap

-Representation of data – electronic machine, works by controlling the flow of electrons
-Two possible states – on (1 – presence of voltage) or off (0 – absence of voltage)

-This is binary representation (the computer is a binary digital system – has two states, 0 and 1, and a digital system, as it has a finite number of symbols)

-0, represented as an analog value, has a voltage of 0 – 0.5 volts, while 1 has a voltage of 2.4 – 2.9 volts.  Any value in between is not permissible

-Basic unit of measure is the bit, or binary digit
-A collection of n bits has 2n possible states
-Types of data to be represented – numbers (integers and floats), text (strings), images (.jpg, .png, .bmp), sound (.mp3, .wav), logic (booleans), instructions, etc.

-A byte comprises of 8 bits and represents a single character

-Hexadecimal representation ​– symbols from 0 to F (base 16) – typically used for convenience if binary notation becomes unwieldy and long
-Von Neumann Architecture (stored-program computer systems)
-From the inventor of ENIAC, Mauchly and Eckert
-First published by Von Neumann – most modern computers use the Von Neumann Architecture

-Three elements of Von Neumann Architecture

-Central Processing Unit (CPU)

-Processing Unit

-Carries out the instructions
-Arithmetic Logic Unit (ALU) ​– it is a functional unit, can have many functions, including special-purpose ones (multiplication, square root, etc.)
-Digital circuit that performs arithmetic and logic operations

-The simplest computers contain an ALU for such purposes as maintaining timers
-Registers – small, temporary storage; operands and results of functional units
-Special, high-speed storage areas that temporarily store data before processing
-All data must be represented in a register before it can be processed

-# of registers / size of each register determines the power and speed of the CPU
-Word Count – number of bits normally processed by the ALU in one instruction cycle, and also the width of the registers
-The more bits in a word, the faster the computer

-E.g. a 32-bit processor will transfer data in 32-bit chunks, or 4 bytes at a time
-Control Unit

-Sequences and interprets instructions, orchestrates execution of the program
-The instruction register (IR) contains the current instruction
-The program counter (PC) contains the address of the next instruction to be executed

-The control unit reads an instruction from memory, interprets the instruction, generates signals telling the other components what to do (may take many machine cycles)
-A machine cycle is the shortest interval in which an elementary operation can take place within the processor; made up of some number of clock cycles
-Since a computer can only do one thing at a time, every action must be broken down into basic steps, and one round of steps from getting an instruction to getting the next instruction is called the machine cycle
-Main Memory

-Holds both data and instructions

-Has a 2k x m array of stored bits

-The address is a unique k-bit identifier of a location

-The contents are an m-bit value stored in the location

-MAR (Memory Address Register)

-MDR (Memory Data Register)
-Two basic operations 

-LOAD (read a value from a memory location) 

-Write the address into the MAR
-Send a ‘read’ signal to the memory

-Read the data from the MDR
-STORE (write a value to a memory location)

-Write the data to the MDR

-Write the address into the MAR

-Send a ‘write’ signal to the memory

-Input/Output Systems

-Input: external information into the memory
-Output: produces results for the user

-Devices for getting data into and out of the computer
-Each device has its own interface, such as registers similar to the memory’s MAR and MDR (ex: the keyboard has a data register (KBDR) and status register (KDSR))

-Some devices provide both input and output (such as a network or disk)

-A program that controls access to a device is called a driver
-Central ideas to the Von Neumann Architecture system

-Programs and data are stored as sequences of bits in the computer’s memory
-The program is executed one instruction at a time under the direction of the control unit
-Each machine instruction is composed of two parts – the op-code and the operand
-The op-code is the code for the instruction itself, while the operand is the value that is subject to the operation (ex. The op-code 001 stands for LOAD, and therefore an instruction with the op-code 001 and operand 10 (001110, with the middle (bolded) one being a number bit), will LOAD the value 10)

-An instruction is encoded as a sequence of bits, often 16 or 32 bits in length
-The control unit generates signals to carry out the instruction

-The operation is either executed or not executed (no in-between)

-Computer instructions and their formats are known as the computer’s instruction set architecture
-Instruction processing has six steps

-Fetch instruction from memory (F)

-Write the address from the program counter into the MAR

-Send a read signal to the memory

-Copy contents of the MDR into the instruction register (this is all like a LOAD sequence)

-Increment the program counter so it points to the next instruction
-Decode instruction (D)

-Identify the op-code
-Depending on the op-code, identify other operands from the remaining bits
-Evaluate address (EA)

​-For instructions that require memory access, compute address used for address (ex. Add offset to the base register, add offset to the program counter, add offset to zero)
-Fetch operands from memory (OP)

-Obtain source operands needed to perform operation
-For example, load data from memory, or read data from a register file
-Execute operation (EX)

-Perform the operation using the source operands

-For example, send the operands to the ALU and add them together
-This step may not exist if the instruction is simply to load or store (for example)
-Store result (S)

-Write the results to the destination (register or memory)
-For example, the data is stored to memory (using the STORE function to write the address to the MAR, the data to the MDR, and send a write signal to the memory)

-Sometimes, the sequence of instructions will change; in the FETCH phase, the program counter will not always be incremented by 1; we may use special instructions called control instructions to change the program counter in other ways

-There are two types of control instructions

-Jumps always change the program counter (unconditional)

-Branches change the program counter if some condition is true (conditional)

-Instructions look just like data and therefore are simply interpreted differently

-Three kinds of instructions

-Computational instructions

-Data movement instructions

-Control instructions

-Not all phases of instruction processing are needed for every instruction

Lecture 3 – Software

-Software is the electronic instructions that tells the computer how to do something
-Two types of software

-Application software – software developed to solve a particular problem for users
-Performs useful work on a specific task or provides entertainment

-We mainly interact with this software

-Examples: word processing, spreadsheet, games, etc.
-System software – enables application software to interact with the computer, and allows the computer to manage its own resources

-Has three basic components
-Operation System (OS)
-The principal component of system software
-Low-level, master system of programs to manage basic computer operations

-Not every computer needs an OS (embedded systems and microcontrollers do not have or need an OS, as it would drive up the manufacturing costs and add unneeded complexity)

-Its role is to be the simplest way for applications to interact with the hardware (user interacts with application, which interacts with OS, which interacts with hardware), and to maximize the resource utilization of the computer through good management

-Abstraction – developers can design software to run on an OS and the software will run on any machine supporting that OS

-The OS also hides hardware complexity and provides an Application Programmer Interface (API)
-The Application Programming Interface (API) is a set of functions, procedures, methods, classes, or protocols that an OS provides to support requests from computer programs

-An operating system has six core tasks

-Processor Management

-The OS makes sure that each application gets the necessary attention from the processor required for its proper execution, tries to optimally manage the processing power for the greatest good of all users and applications
-Memory Management

-The OS ensures that each application has enough private memory, and that applications do not run into each others’ private memory
-It is responsible for efficient utilization of the hierarchical system memory
-Device Management

-Applications talk to devices through the OS and the OS talks to and manages devices via device drivers (the OS is the bridge between applications and hardware)
-Storage Management

-A file system is an organized collection of directories, subdirectories, and files
-The OS is responsible for maintaining the file system through indexing and can find any file quickly
-Application Interface

-User Interface 

-Benefits of an operating system
-Convenience – facilitates the use of hardware

-Efficiency – ensures that resources are used efficiently

-Security – ensures that resources are not misused

-Communication – enables access to other computers

-Real-time support – enables real-time constraints to be met
-Device Drivers

-Helps the computer to control peripherals (external devices)
-Utility Programs

-Used to support, enhance, or expand existing programs in the computer
-Examples: virus protection, data compression, file defragmentation, disk scanner, backup, data recovery
-Application software is a bridge between the general-purpose computer and desired behaviour, while system software is a bridge between the general-purpose computer and electronic devices
-Software (and hardware) are extensions of the computer system
Sensors

-A sensor is a device which converts a physical phenomena into an electric signal
-Sensors represent part of the interface between the physical word and the electrical world (the other part is actuators, which convert electrical signals into physical phenomena)
-Analog data may include – temperature, speed, light, noise – physical quantities with infinite possible values (as opposed to digital data, which is a quantity with a finite number of values, such as binary data)
-To measure analog data, sensors are needed to measure the physical qualities of interest

-An interface is used to connect the sensors to the computer

-Software is used to store and display the information on the computer

-Thus the interface is the bridge between the sensor and the computer, and the translator from analog voltage into digital signal (thus the sensors cannot be connected directly to the computer, as the computer cannot understand analog values.  Also, the analog readings may be too large and damage the computer, which is why they are translated into a readable binary value first)
-The data is input into the computer as a digital signal

-It is then processed by the computer

-For the use of output and for the data to be used as useful information, there must be a display, data storage, or control function
-To choose the right sensor, we must first decide what parameters we need to measure, and determine what kind of sensor can optimally measure that parameter

-Types of sensors:

-Analog –output is continuous, and is a function of the input
-Analog sensor can measure any possible value in a given range, and the output is a variable resistance that can be used to control the voltage

-It can output an almost infinite number of values
-Ex: rotation sensor, slider sensor, temperature sensor, touch sensor 
-Digital – output is in the form of a digital signal
-Either ON (1, or +5V) or OFF (0, or 0V); most digital sensors work with a threshold, and will measure ON if above that threshold and OFF if below that threshold
-Active – needs a separate power source to obtain output
-Passive – self-generating, producing their own electrical signal when subjected to the sensed quantity (e.g. via the piezoelectric effect, thermoelectric, or radioactive)
-Piezoelectric effect – effect in which energy is converted between mechanical and electrical forms – discovered in 1880s by the Curies
-When a pressure is applied to a polarized crystal, the resulting deformation results in an electric charge

-Since crystals have permanent electrical polarization, each cell of the crystal has an electric dipole that is aligned with all the others

-When no deformation occurs, the result is an excess surface charge that attracts free charges from the atmosphere to neutralize the charge of the crystal

-When a deformation occurs, this disrupts the orientation of the dipoles and gives the crystal a surface charge – to measure deformation, then, is to measure the surface charge on the crystal

-For example, sandwich the crystal between two metal plates, having a force button push the two plates together

-The deformation will result in a squishing of the crystal, and the greater the force applied, the greater surface area will be revealed, which will increase the surface charge, and a larger voltage reading from the sensor
-Can measure heat, vibrations, acceleration, force, etc. and can be used in speakers (voltage to mechanical) and microphones (mechanical to electrical)

-Force sensing resistors use the resistive property to measure force applied to a sensor

-Made of two parts – resistive material applied to a film, and a set of digitizing contacts applied to another film – the resistive material makes an electrical path between the two sets of contacts on the other film

-When a force is applied, the connection is made stronger and the conductivity increased, yielding a higher voltage reading

-Temperature sensing sensors – there are typically two types: thermal resistors (RTDs and thermistors) and thermocouples

-Thermal resistors change resistance as a function of an applied temperature

-RTDs (resistance temperature devices) are based on the natural tendency of materials to change physical dimensions with respect to temperature

-Thermistors use semiconductors, a man-made substance, to decrease the resistance with an increase in temperature

-Thermocouples rely on the Seebeck effect, discovered by Thomas Seebeck in 1822, in which a junction between two metals generates a voltage which is a function of temperature
-There are standard pairs of metal used to make a thermocouple, typically chosen based on predictable output voltages and large temperature ranges

-Force and pressure sensors – various ways to measure force

-Acceleration – measure the acceleration of a known mass on which the force operates

-Gravity – compare the force with the action of gravity on a known mass

-Pressure – convert the force to a fluid pressure and measure using a pressure transducer

-Light sensors – two categories

-Quantum detectors – convert radiation into an electron in a semiconductor, and process the resulting current in a circuit – if conditions allow, they are far better performance-wise than thermal detectors

-Thermal detectors – absorb the energy and measure the change in temperature
-Proximity sensors – inductive, capacitive, and ultrasonic – sense the closeness of objects

-Sensors are becoming smaller, smarter (able to process data within themselves) and more accurate

Lecture 4 – Sensors

-Quality parameters of a sensor system

-Transfer function is the functional relationship between the input and output signals – this may take the form of a calibration curve in an expensive sensor
-Sensitivity is the change in output over the change in input, with a high sensitivity sensor resulting in a large voltage change for a low input value

-Accuracy is the difference between the measured value and the actual value, usually given as a percentage of the actual value

-Precision is the ability for a sensor to reproduce a certain set of readings within a given deviation

-Repeatability is the ability for a sensor to reproduce a signal exactly when the same input is given in the same environmental conditions repeatedly

-Range and span are defined as the limits within which the inputs can vary; span is the max value minus the min value of the input (ex. Range is 150 degrees to 200 degrees, span is 200 – 150, or 50 degrees) 

-Stability (drift) is the ability for the sensor to give the same output when an input is applied constantly over a period of time.  Drift is a percentage of the full range output

-Hysteresis is the range of error allowed in varying quantities for increasing and decreasing value of input (a sensor may under-read the value if the input is increasing and over-read it if the input is decreasing)

-Noise – some output noise other than the output signal.  If it is small enough, it does not matter, but noise that is large enough can limit the performance and output accuracy of the sensor
-Types of sensor errors (error is defined as the difference between the measured value and the actual value)

-Insertion error
​-When the insertion of the sensor changes the parameter being measured (if the sensor is too slow for the system, or if the sensor self-heats to the extent that it adds heat to the system, for example)
-Application error

-Caused by the operator (incorrect placement or usage, for example)
-Characteristic error

-Error inherent in the sensor itself (difference between the actual transfer function and the ideal transfer function, for example)
-Dynamic error

-Can occur when the input is rapidly changing, when the input is dynamically being altered (the calibration is done statically, which means while using a static input parameter)
-Environmental error
-Derived from the environment in which the sensor is being used (for example, temperature, shock, altitude, chemical exposure)
-This is often lumped together with characteristic errors as the environmental errors often affect the characteristic errors

-Sensor output generally comes in the form of resistance, voltage, capacitance, or current change when the input is changed, and an appropriate circuit is required to measure this change

-Analog sensors often work like a variable resistor in which the resistance is influenced by the condition that it measures (light sensor’s resistance is influenced by the amount of light shone on it)
-Voltage divider circuits turn the resistance into a voltage (change in resistance becomes a change in voltage) to better be understood by the microcontroller attached to the sensor
-In a voltage divider circuit: [VOut = (VIn*R2)/(R1+R2)]
-RFID (Radio Frequency Identification) – alternative to barcode labels and chips in cards
-Chips require mechanical contact, while barcodes have low storage capacity and cannot be reprogrammed; RFID has advantages over both of these

-Can identify objects from a distance – the labels contain a small integrated chip with a radio frequency transponder
-Very cheap, small, disposable, flexible, laminated with paper, wireless energy supply

-The RFID system contains both a transponder (on the object to be identified) and a detector reader (a read/write device used to identify the object)
-The reader gives energy to the transponder via electromagnetic waves; the transponder uses this energy to charge up, then receives data from the reader and responds to it; the reader then takes the response and processes it

-The transponder contains a chip and antenna
-The chip may consist of a processor, memory (from a few characters to several kilobytes), and a radio transmitter

-The transponder and detector reader communicate via radio frequency, and both have antennae

-Transponders are also known as smart tags or radio tags

-There are three types of RFID tags:

-Read-Only (R/O) are programmed with unique identification and can only be read by the reader

-Read/Write (R/W) can store data in the transponder and can be updated dynamically

-Write Once Read Manytimes (WORM) can write data to the transponder once and then read it many times
-Two types of RFID technologies:
-Active transponders – self-powered, more expensive than passive transponders, extra power allows for greater communication distance and larger memory capacity

-Passive transponders – require external power (comes from the reader’s electromagnetic signal)
-Most RFID systems today use passive transponders, of which there are three frequency bands:

-Low frequency (LF) 
-Range from a few centimetres to a few metres

-Not affected by surrounding metals or water

-More expensive ($2-$17)

-Can only read one transponder at a time
-High frequency (HF)

-Range of about one metre
-Affected by metals more than LF tags

-Faster communication

-Cheaper ($0.70 - $0.80)

-Can read multiple tags at a time
-Ultra High frequency (UHF)

-Range of 1 – 10 metres
-Does not work well around liquids or metals
-Distance can be a concern when privacy is an issue

-Advantages of RFID systems:

-No line of sight required (although better with UHF transponders)

-Multiple items can be read at a time
-Each tag can store data discreetly

-Tags can be read from a distance

-Long lifetime

-Can survive harsh conditions

-Data can be modified

-Can be combined with barcode technology

-Unique ID embedded

-Connecting sensors to the circuits – (GPA) [Ground (0V) Power(+5V) Analog (Input)] (from left to right)

Lecture 5 – Arduino
-Arduino has 3 separate tools:

-Arduino microcontroller (the board)

-The microcontroller is a small, inexpensive computing device
-It is usually used to sense input from the real world and then control devices based on that input – easy to use with sensors and output devices (e.g. LEDs)
-The board can be assembled by hand or purchased preassembled

-Contains digital inputs numbered 2 to 13

-Contains analog inputs numbered 0 to 5

-Arduino uses an Atmel ATMega microcontroller

-Has a USB port to communicate with the computer

-Reset button

-TX/RX LEDs

-If not connected to a computer, has a connection for an external power supply

-Pins can provide input or output; can be connected to small wires (wires themselves, or the wires extending from LEDs, potentiometers, etc.)
-Digital pins have two values that can be read or written to them 

-High means that 5V is being sent either from the controller or from a component

-Low means that no voltage is being sent

-This is binary, and any kind of binary information can be read of written to a digital pin

-Analog pins can read a wide range of information sent to them, and are input pins (they can read values from a dial, or the distance from an infrared sensor, for example)

-When prototyping an LED, always connect to digital pin 13 (it either has a built-in LED, or a built-in resistor)

-LEDs have polarity, so they will only work if oriented the right way
-Arduino working environment (open source IDE built in Java)

-The IDE can be downloaded for free

-The IDE is used to write programs from a computer, which can then be downloaded into the Arduino board and thus allow the board to be used independently of the computer
-After the code is edited, it must be compiled, the board must be reset, and the code is then uploaded to the board

-Run button checks and compiles the code; stop button cancels serial communication; upload button uploads the code to the board; serial communication button opens the serial monitor, if data is being sent serially to the computer

-Can import libraries (e.g. for sound, for working with motors, for communication purposes)

-Can add files to the sketch (add them to the folder where the current sketch is saved)
-Arduino language and compiler (create code for the microcontroller)

-The language is based on the Wiring language
-At least must have a void setup() method, and usually has a void loop() method

-void setup() is called when the sketch starts only (without a setup method, an error will occur.  The setup method must be called, even if it is empty)

-void loop() is called continuously, allowing the program to change and respond, and to control the Arduino board actively
-Arduino is a tool for allowing computers to sense the physical world through sensors

-Arduino is an open-source prototyping platform

-Arduino can develop interactive objects by taking inputs from switches or sensors and controlling lights, motors, other physical outputs

-Arduino projects (sketches) can be stand-alone, or can communicate with other software such as Flash, Processing, or MaxMSP
-Why use Arduino? 
-It is inexpensive

-It is cross-platform and can run on Windows, Mac OS, and Linux (most microcontroller systems only run on Windows)

-It possesses a simple and clear programming environment

-It is very easy and quick, programming via USB cable and not a serial port

-Online community is large, plenty of resources available

-Open-source
-The software is open-source, free for all and can be extended (altered) by any programmers
-The hardware is open-source, based on Atmel microcontrollers and can be extended and improved by designers who want to make their own versions of the board (under the Creative Commons license)
-IDE can be downloaded and board can be built without any pay to the makers of Arduino – open-source
Lecture 6

-Programs written in Arduino are called sketches

-The sketch itself is the code, in the text input area of the IDE
-Sketches are written in text

-When compiled/verified, the software looks over the document for errors and translates the code to Arduino-machine-language

-The Arduino language was built on the C language, and was designed to support communication with electronic components

-In the language, HIGH means 5V (on) and LOW means 0V (off)
-Setting pins that can be used for either input or output requires setting them as INPUT or OUTPUT

-Some functions:

-pinMode(pinNumber, I/O) – sets a pin as either input or output

-Only digital pins can be set to either input or output (analog pins are read-only) 
-The pinMode is set in the setup() method

-digitalWrite(pinNumber, value) – sets a digital pin high(5V)/low(0V)
-Can only be used if the pin’s pinMode is OUTPUT

-digitalRead(pinNumber) – read a digital pin’s state

-Can only be used if the pin’s pinMode is INPUT

-Reads as either HIGH or LOW

-analogWrite(pinNumber, value) – write a value to an analog pin

-Can only be used if the pin’s pinMode is OUTPUT

-Can write any value from 0 to 255

-Only digital pins can use analogWrite – on older ATmega8 boards, digital pins 9, 10, and 11 can use analogWrite, while on newer Diecimilla boards, digital pins 3, 5, 6, 9, 10, and 11 can be used for analogWrite()

-After calling analogWrite, the pin will generate a steady wave until the next call to analogWrite, digitalRead or digitalWrite on the same pin

-The pin rapidly alternates between 0V and 5V, and the higher the write value (closer to 255) the more often the pin is 5V
-analogRead(pinNumber) – read an analog pin

-Can only be used if the pin’s pinMode is INPUT

-Reads a value from 0 to 1023 representing the voltage being passed into the pin
-Readings higher than 5V will not be read and can damage the board

-delay(milliseconds) – wait an amount of time before executing the next instruction
-millis() – get the current time, in milliseconds, since the sketch started running
-// and /* and */ - anything after a // on the same line or between /* and */ is a comment and is not read as code – useful for commenting code so that you know what it does
Lecture 7 – Serial Communication
-Serial communication is the most common form of communication between electronic devices
-It involves sending a series of digital pulses back and forth between devices at a mutually agreed-upon rate
-The sender sends pulses representing data at an agreed-upon data rate, and the receiver listens for pulses at the same rate

-In serial communication, data is transferred one bit at a time, one right after the other

-The Arduino board thus contains two circuits – the microcontroller and a USB to serial port (Arduino Minis separate these two circuits into two boards)
-Serial communication is used between the Arduino board and a computer or other devices

-The communication happens via the serial or USB connection and on digital pins 0 (RX – receive – receiving from PC) and 1 (TX – transfer – sending to PC)
-Since Arduino is all about serial communication and not USB, we cannot interface to USB flash drives, USB hard drives, USB webcams, etc.

-Arduino uses a USB cable both for programming to the board and for communicating with the computer serially

-Functions for serial communication:

-Serial.begin() – prepare to use serial communication

-Serial.print() – send data to the computer

-Serial.read() – read data from the computer

-When printing, we can open the Serial Monitor in the Arduino sketch to see the output

-Why use serial communication?

-Have computers communicating with other devices – a microcontroller reads a sensor, and sends its value to a multimedia computer, which processes the input and performs an action (the volume of music can be proportional to the value of a rotation sensor, for example)
-The reverse can also be true, in which the computer reads a value (mouse coordinates, for example) and sends it to the board which outputs this value to control an output device such as an LED or a motor

-Protocol is the set of parameters that the two communicating devices agree upon in order to send information; there are four components to the protocol:

-Physical connection (serial port number – to make sure that both devices are reading from the same port)

-Timing – speed (bps – bits per second, or baud rate)

-The timing of the pulses sent and received

-This must be set regardless of the type of protocol

-This is the agreement between the two devices on the speed of the data being sent and received

-Using asynchronous serial communication, in which each device has a separate clock to keep track of time

-The timing of the pulses is called the data rate or the baud rate
-The most frequently used baud rate is 9600 pulses per second

-Typically 8 pulses are grouped together (each pulse is one bit)

-Therefore, one byte is sent per millisecond

-One bit is either zero or one

-8 bits is a byte

-1024 bytes is a kilobyte

-1024 KB is a megabyte, 1024 MB is a gigabyte
-Electrical connection

-Package size

-Agreement as to how the sequence of pulses is interpreted
-If a byte is sent every millisecond, then the data that can be sent is a number from 0 to 255 (256 values, or 28, 2 choices for each of 8 bits)

-The programmer decides how the devices should interpret those bytes – the beginning and end of the message, and what to do with the bytest in between
-There are many different protocols for serial communication, each suited to a different application

-In Arduino, the user enters data for Arduino to process, and the computer and Arduino then send data serially to each other – this can be used to communicate with other applications, such as Processing
-Serial communication is in the serial library (must be imported), which allows Arduino and the computer to communicate with each other

-Functions of the serial library:

-Serial.begin(baudRate)
-Set the data rate – 300, 1200, 2400, 4800, 9600, 14400, 19200, 28800, 38400, 57600, or 115200 (9600 is the most common)
-Serial.read()

-Reads the incoming serial data, and returns an integer represented by the first byte of incoming serial data (either 0 to 255 if data is transmitted, or -1 if nothing is available)
-Serial.print()

-Can send data (e.g. the reading from a sensor) to the computer

-Any program on the computer that can read from serial ports can utilize
this information

-In this case, we will use Processing

-Characters in serial communication are stored as numbers, encoded according to the

ASCII chart – it is possible to do arithmetic on the characters when their ASCII values are 

used

Lecture 8 – Processing

-The Processing IDE is almost identical to Arduino’s IDE
-Processing is a simple programming environment that was created to make it easier to

develop visually oriented application with an emphasis on animation and providing

users with instant feedback through interaction

-Processing contains a collection of functions that makes up the core API (application 

programming interface) as well as several libraries (such as minim for sound)

-Has a setup() method and draw() method (like Arduino’s loop() method)
-Fill and stroke affect all geometry until the next fill and stroke functions are called

-Both Arduino and Processing can talk to serial devices

-Only one program can access a serial port at a time, so the serial monitor on Arduino 

must be turned off when connecting serially via Processing, and vice-versa

-Processing also has a serial library to communicate with Arduino
-An instance of the serial class must be created for sending and receiving data using the 

serial communication protocol

-Four steps to using serial in Processing:

-Load the library

-Set the port name (e.g. COM3 or COM11)

-Open the serial port

-Read from or write to the port
-Using Serial.Read(), the user can type in data into the Serial Monitor and Arduino can

receive it serially
-Using Serial.Write(), the Arduino board can send data to the computer from sensors
-Serial communication can be used to send data in bytes from Arduino to control a 

Processing sketch, and vice-versa

-Processing continuously stores data from the keyboard and mouse input devices
-mouseX and mouseY are the x and y coordinates of the cursor relative to the origin

-If the mouse is offscreen to start the sketch, then the default values are (0, 0)
-An array can store a list of elements within a single name

-A for loop can be used to cycle through each array element in sequence

-Colour is in RGB – values of 0 – 255 for each (used for stroke and fill)

-noStroke() and noFill() will not stroke or fill, respectively, any shapes

-Drawing order is done in code order – what is coded first is drawn first

Lecture 9 – Processing and Arduino

-Mouse

-The default mouse values mouseX and mouseY are 0,0

-Once the cursor moves into the display window, the values are set to the cursor position
-Keyboard
-Processing registers the most recently pressed key and whether or not a key is currently pressed
-The boolean keyPressed is true if a key is pressed and false if not

-keyPressed is true while the key is held down and false when it is not

-The key variable stores the character value of the most recently pressed key

-Can store only one value at a time

-Mouse and keyboard events are used to detect actions and receive data

-The events execute code when an action takes place (mouse click or key press, for example)

-Mouse events:
-mousePressed() – called every time a mouse button is pressed

-mouseReleased() – called every time a mouse button is released

-mouseMoved() – called every time the mouse moves and no button is pressed

-mouseDragged() – called every time the mouse moves while a button is pressed

-Images: some functions and datatypes are PImage, loadImage(), and image()
-Can also use tint() and noTint() to tint the image colours

-Images are measured in pixels

-Every image has colour depth – refers to the number of bits used to store each pixel

-A pixel with colour depth n can have up to 2n values (a colour depth of 8 gives 256 possibilities, from 0 to 255, which is what we use in standard RGB)
-Images are stored as variables of the PImage datatype

-First, the image must be loaded with the loadImage(filename) function, and then stored in the PImage datatype, and displayed using the image(name, x, y, width, height) function (by default, if no width and height are given, the image will display at its actual width and height)
-Tint() and noTint() work in the same way as stroke() and fill(), but only affect images (image transparency can be achieved with a tint value of 255 and an alpha value of less than 255)
-filter() can filter the window via filter(THRESHOLD),  filter(GRAY),  filter(INVERT), filter(POSTERIZE), and filter(BLUR)

-copy() copies a region of pixels to another region

-copy(x, y, width, height, dx, dy, dwidth, dheight ), where d denotes the second region
-get() gets the colour of a pixel or section of image by specifying an x-y coordinate – to get a region, an extra width and height parameter are used
-There are plenty of libraries available for Processing which extend its use, such as:

-Minim: audio library

-Create a minim class

-Can play an audio file

-Play audio that you create in your program

-Monitor audio and read data from the audio

-Record audio to disk
-After initializing the core class, we can create new classes such as the AudioPlayer class (which we instantiate with a file using loadFile())
-Can use left and right to represent the different channels

-Four types of waves can create sound

-Triangle
-Square
-Sine
-Sawtooth

-For use with Arduino, can use sound to affect LCD or LED displays, servomotors, or play sound with piezo speakers
-surfaceLib: create 3D surfaces

-Physics: particle system physics engine

-Bluetooth Desktop: send and receive data via Bluetooth networks

-proMidi: send and receive MIDI information

-oscP5: communication among computers, synthesizers, and other multimedia devices

-LED Matrix

-A grid of LEDs that can light up and indicate something to a user
-Typically, this is limited by the number of digital pins that the board has

-With an LED driver chip you can control an 8x8 matrix of LEDs or an 8-digit LED display, to draw simple shapes and animations
-Various libraries that allow Arduino to communicate with LED matrices:

-Matrix: allows Arduino to work with a single LED driver

-Most common chip to drive the matrix is the Maxim MAX7221 – can be wired to an 8x8 LED matrix
-Can control each individual LED

-write() takes two parameters – column and row of the LED
-LedContro: allows Arduino to work with multiple LED drivers

-Sprite: allows Arduino to create image sprites to use with the Matrix library

-LCD Displays – Group of pins dedicated to sending data and locations to the screen
-Use either 4 or 8 pins to send data

-3 more pins to synchronize communication with the display

-LCD library controls LCDs using 8 pins

-LCD 4 Bit library controls LCDs using 4 pins

-Can connect Arduino and sound using a piezospeaker

-Piezos have polarity; black wire for ground, red for output
Lecture 10

-Servomotors – can be positioned from 0 – 180 degrees, and have a three-wire, 5V interface
-Used to manipulate objects via turning or rotation, such as cameras, mirrors, and lights

-Can make the rotation of the servomotor a function of a potentiometer’s value

-Three wires connect the same way as sensors – GPA (Ground, Power, Analog)

-Servomotor requires 5V from the board and a ground connection

-Control is a matter of how long in microseconds each command needs to be (sent to the servomotor) – a value between 0 and 180 followed by a non-digit to break up the values

-Use the built-in servo library to communicate with the servomotors: three methods:

-attach(pin, min, max)

-Begins to read the servomotor attached to the pin specified (can also specify the minimum and maximum pulse widths with min and max
-write()

-Write a value to the servo
-On standard servos, this will set the angle of the shaft (0-180)

-On a continuous rotation servo, this sets the speed of the servo (0 for full speed one direction, 180 for full speed other direction, 90 for no movement)
-read()

-Read the current angle of the servo, or the last value passed to the write() method
-Advantages of using servomotors:

-Control and precision

-Easy access from 0 to 180 degrees

-Able to control anything that needs a controllable, repeatable movement

-Various models

-Similar signals across all models

Networking

-Data in an application
-The user gets data from an application to see what the application is doing and to then modify the application to do what the user wants – the data is used as feedback

-When the user sends data to the application, it is input

-Now, we look at exchanging data between an application and devices (e.g. Processing communicating with devices attached to the Arduino board)

-Factors that influence this communication:

-Context

-The means of communication

-Machines used

-Amount of data being exchanged

-A protocol is a set of rules governing the communication between devices, and it enables this communication (ensures that all devices know the same protocol)

-What is being communicated

-How it is going to be encoded

-The channel of communication

-The speed of the transmission 

-Communicating over networks allows us to

-Work applications remotely

-Gather remote information

-Send and gather information to and from other devices, applications, locations

-Send commands to a remote server
-Network multiple devices together

-Gather data from the internet
-Allows for the gathering of remote data, ability of remote access, and possibility of remote control

-Allow users to connect with one another

-Allow users who are not physically present to interact

-Spread an application over multiple machines, cover greater amounts of space
-Pass processing off to more powerful computers
-Interaction does not always need to occur between the user and the interface

-Interaction can occur between the application and other devices and applications

-XML (Extensible Markup Language) gives a document structure – often used by Twitter, RSS feeds
-It is a common way to store data, and getting data from the internet often comes in XML format

-Data all have specific traits, things that belong to them, and they all belong to other things

-A library has a street address and a name, possesses books, magazines and DVDs, and belongs to a library system and a city
-This ownership is expressed in nodes (a node is a single object that has some associated data) and by nesting the nodes within each other
-Processing has an XML library, and its XMLElement class can:

-Load XML files

-Create XML files

-Search through data for specific pieces of information

-Write new values to an XML file
-All machines on a network:

-Need to be identifiable to each other and themselves

-Need to know how to connect with one another

-Need to know what protocol the machines are all using
-Three types of network:

-Hub network – connecting multiple devices to a single server (e.g. connecting multiple computers to a central server which sends commands to each computer)
-Ring network – Any message can go at least two ways through this network (each machine is connected to at least two others)

-Multi-tiered network – a collection of single-hub networks which determines which central node is the hub to the desired child node (e.g. the Internet)

-Communication modes:

-Client-server

-Communication is asymmetrical

-Server program is different than the client program

-Server provides service to the client – client usually initiates the communication
-Server can communicate to multiple clients at one time
-Peer-to-peer

-Communication is symmetrical
-Both programs are the same

-Either side can initiate communication
-Ex: chat programs

-One peer can communicate to several peers at one time

-There are various communication patterns, including:

-One-to-one

-Two processes exchange messages between each other (telephone call)

-One-to-many/Many-to-one

-One process exchanges messages between a group of processes (remote lecturing)
-Many-to-many

-Groups of processes exchange messages between each other (video conferencing)
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-On a network, all machines are identified by their internet protocol (IP) addresses
-For one machine to send a message to another, the sending application must identify the receiving application

-This involves the name or address of the receiving machine, and the identity of the receiving process or application

-The host address is specified by its IP address, and the application is specified by the port number
-A computer has a single physical connection to the network – all data arrives through that connection
-The computer knows which application to send the data to based on ports

-The IP address is a 32-bit address (identifies the machine) and the port (identifies the application on the machine) is identified by a 16-bit number
-A hardware port is an outlet to which a plug or cable connects
-A software port (usually simply a port) is a virtual data connection that allows programs to exchange data directly

-TCP Ports
-TCP (Transmission Control Protocol) is a protocol used by HTTP

-Provides transmission control

-Presents the data in order

-Provides error correction when packets get out of order

-Provides congestion control, waits for data to be sent in order

-Ensures all data is in correct order, notifies client if something is broken

-Error-checking can slow down the transfer

-Connection-oriented and reliable – uses handshaking (client and server exchange control information first)

-After handshaking, the connection is established, both sides can send messages to each other at the same time (full-duplex connection)

-Regulates transmission based on the receiving end’s buffer
-UDP Ports

-UDP (User Datagram Protocol) is a protocol

-Much faster that TCP

-Does not check for errors

-Messages are not ordered

-No handshaking before processes start to communicate

-Unreliable – no guarantee that the message will reach the receiving socket
-Messages that arrive may arrive out of order

-No congestion control – can send data at any rate it wants (although it may drop data in the process)
-This is useful for real-time applications
-A network application involves three parts:
-User interface – allows the user to invoke and control the application

-Interface between user and application
-Application logic – the code and instructions which provide functionality

-Application-level protocol – format and order of messages exchanged between processes, as well as the actions taken on the transmission or receipt of a message
-Define types of messages exchanged

-Define syntax (symbology) and semantics (meaning) of the information
-Define rules for determining when and how a process sends and responds to messages

-Network API – operating system provides a network API to allow applications to invoke network services
-Known as the socket API in modern OS

-The two processes communicate with each other through their sockets

-Socket is one endpoint of a two-way communication link between two programs on the network

-The socket is defined by a combination of the IP address and the port number

-Data that is sent over the internet is sent in packets (data sent into smaller pieces for easier sending, e.g. in serial communication data is sent as a packet the size of a byte)
-To see this at work is through the ping command

-Ping command tests whether an Internet host is reachable

-Also checks to see how long it takes to send and receive data (how long the round-trip time is, or how far away the remote host is)

-Name derived from sonar operation to locate undersea objects

-Network data flow – how does a network request work?
-Application sends data to router

-Router sends message to network provider

-Message is routed to the correct network provider

-The server receives the request

-Network communication in Processing

-The network library

-Allows for communication with other Processing applications

-Allows for data download from internet

-Allows for remote data storage and processing

-Contains two classes:

-Client

-Server name and port number as parameters
-Initiates and sends request
-Wait for and receive replies
-Connect to small number of servers at a time
-Interact with users via GUI
-Server
-Port number as parameter
-Receiver of client request
-Passive, waits for requests
-Processes requests and serves them

-Receives connections from many clients at once

-Does not usually directly interact with user

-Internet communication is when a machine makes a request to a server and the server responds to that request (request for a file)
-Request uses protocol to tell the server what file it wants, where the request is coming from and how the file should be returned – HTTP (Hypertext Transmission Protocol)

-E.g., inputting a URL sends an HTTP command to the web server requesting it to find and return the requested Webpage
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-Port numbers are 16-bit integers (0 to 65,535)
-Client program arbitrarily selects a port number (ephemeral port number) – 0-1023 are reserved for well-known ports
-The Internet uses well-known port numbers to define the server port number

-Process-to-process delivery requires a socket address for both the client and server

-Socket address has two identifiers: IP address and port number

-Thus a connection requires both a client socket address and a server socket address

-Socket API is provided by the OS, provides operations for:

-Creating a socket

-Attaching socket to the network

-Sending and receiving messages through the socket

-Closing the socket

-UDP sometimes requires the sending application to regulate its transmission if the receiving buffer is being overrun

-UDP packets (also called datagrams) have a header size of 8 bytes – the header’s fields are:
-Source port number (16 bits)
-Destination port number (16 bits)

-Length of datagram (defined in 16 bits)

-Checksum (for error detection – optional)

-UDP is suitable for processing that do not concern flow and error control greatly

Programming for UDP
-Split into DatagramPacket and DatagramSocket classes
-DatagramPacket class puts bytes of data into UDP packets (datagrams)

-DatagramSocket class sends and receives datagrams

-Sender puts data into DatagramPacket and sends it using DatagramSocket

-Receiver receives a DatagramPacket object and reads it
-The packet contains all the information except the receiving socket – this must be made known to the sending socket

Client-Side Programming
-First, create a UDP socket by creating a DatagramSocket

-Find the IP address of the server

-Format the message (create an array of bytes large enough to hold the message)

-Put the message (string) into byte array form

-Create a DatagramPacket object and input the message and socket address of server

-Send the message using the DatagramSocket

-Create an array of bytes large enough to hold the reply

-Receive the message using the DatagramSocket

-Close the socket using the DatagramSocket
Server-Side Programming

-First, create a UDP socket by creating a DatagramSocket (the listening port)
-Read the client’s request (create an array of bytes large enough to hold the message)

-Receive the message using the DatagramSocket

-Process the data

-Format the message (create an array of bytes large enough to hold the reply)

-Put the message (string) into byte array form

-Create a DatagramPacket object and input the message and socket address of the client

-Send the message using the DatagramSocket

-Wait for the next client

Programming for TCP

-Both client and server require buffers for storage
-TCP transmission requires both connection establishment and connection termination procedures
-TCP has these possible states (it is a finite state machine):
-Closed: no connection

-Listen: server is waiting for client requests

-Syn-Sent: connection request is sent and waiting for acknowledgement

-Syn-Rcvd: connection request is received

-Established: connection is established

-Fin-Wait-1: application has request the closing of the connection

-Fin-Wait-2: receiving side accepts closing of connection

-Time-Wait: waiting for retransmitted segments to die

-Close-Wait: server is waiting for the application to close

-Last-Ack: server is waiting for the last acknowledgement

Client-Side Programming

-Open a TCP socket – create a Socket object

-Open a communication stream for writing to the socket with a DataOutputStream object

-Open a communication stream for reading from the socket with a BufferedReader object
-Create the message in string form, then write to the server via DataOutputStream
-Read the server response via BufferedReader
-Close the socket

Server-Side Programming
-Open a TCP socket – create a ServerSocket object
-Wait for a client and create a new socket for communication (use accept method)
-Open a communication stream for writing to the socket with a DataOutputStream object

-Open a communication stream for reading from the socket with a BufferedReader object
-Read client request via BufferedReader

-Process the data

-Reply the client via DataOutputStream

-Close socket

-Wait for next client

Workshops
Electric Charge and Current

-Charge(q) measured in coulombs(C) – 1C = 6.24*1018 electrons
-Current(I) is the magnitude of the flow of electrons in a circuit

-Measured in amperes(A)
-Voltage(V) is a measure of the electrical energy in a circuit – measured in volts(V)

-Resistance(R) is a material’s ability to oppose the flow of electricity, measured in ohms (omega symbol)
-Analogy – current is like water flow, voltage is like water pressure, resistance is like a sponge in the pipe
-Isolators have high resistance – air and rubber for example – no connection is essentially infinite resistance – prevent current from flowing
-Conductors have low resistance – metals for example – a metal wire essentially has no resistance – allow current to freely flow
-Resistors have defined levels of resistance (a 220 kiloohm resistor, for example)

-Every circuit (closed loop) must contain a source of electrical energy (battery) and a load (light bult)

-The load must use all of the electrical energy – it will convert it to some other sort of energy (e.g. light bulb will convert it to light and heat)

-A circuit with no load will short circuit

-Two types of circuits 

-DC Circuits – direct current, flows one direction

-AC Circuits – poles of the circuit are reversed regularly, one pole being higher potential at one point and lower at the next

-Diodes permit one-way flow of electricity – symbolized as flowing from voltage to ground

-LEDs are diodes which emit light when electricity passes through

-Switches break or complete a circuit (or portions of a circuit)

-Capacitors store energy while current is flowing and release it when the current stops

-Either polarized or not, diagrammed with a cross if polarized

-V = I*R (Ohm’s law)

-No resistance equals infinite current, short circuit

-Current always flows from higher potential to lower potential (positive to negative)

-Ground is where the potential energy is zero

-Conductor going to the earth

-Current follows the path of least resistance

-Total voltage around the path of a circuit is zero

-Amount of current into any point is the same as the amount of current going out

-LEDs – cathode (shorter leg) to ground, anode (longer leg) to voltage
-Potentiometer – adjustable resistor

-The attachment is GAP (Ground, Analog, Power)

-Voltage regulator – adjusts voltage, converts it to a certain value

-The outer legs are input and output, the middle leg goes to ground

-Conventional current flows from positive to negative, electron flow (what actually happens) flows from negative to positive

-Total resistance of a series circuit is the sum of all individual resistances – always greater than any individual resistance (Re = R1 + R2 + R3)
-Total resistance of a parallel circuit is always less than any individual resistance (1/Re = 1/R1 + 1/R2 + 1/R3)
-Sensors measure a physical quantity and convert it to an electrical quantity
-This process of converting energy from one form to another is called transduction
-Thus, sensors are often called transducers
-There are digital and analog sensors
-Analog sensors can assume any possible value in a given range (nearly infinite possibilities)
-Slide sensor

-Rotation sensor

-Temperature sensor

-Touch sensor

-Force sensor

-Light sensor

-When using slider and rotation sensors, at their minimum positions, they have too little resistance – connect a 300 ohm resistor in series with the LED
-Connect three-pin sensors using GPA (Ground, Power, Analog) 
-When uploading an Arduino sketch to an older Arduino board, the reset button must be pressed right before uploading

-In a voltage divider circuit: [VOut = (VIn*R2)/(R1+R2)]

