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Brief Course Outline

« Breaking Interface * Smart-its enhanced light —
Conventions? results

« Exercise — « Building Smart-its hardware
creating a cooperative multi « Break
user game

* Developing Smart-its Software
* Nature and Value of Physical

A * Smart-its Examples
Prototyping

*  Wrap-U
« Break PR

* Smart-its basics
* Smart-its enhanced light
« Lunch break

* Students project (afternoon)
Smart-its enhanced light
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Smart-Its System Setups (1)

¢ Smart-Its single device

— Smart-it is wired (serial line) to another device (e.g. PC or PDA)

— Acts as sensor and/or actuator

Serial Line
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Smart-Its System Setups (2)

+ Smart-Its system

— Smart-It as wireless receiver/gateway
attached to another device (e.g. PC or

— Wireless sensors communicating with
the receiver

— Wireless actuators communicating with
the gateway and/or wireless sensors
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Smart-its Device Setup

« Device consists of a core and optionally a AddOn
component

* Core
— processing
— Wireless and wired communication
— debugging I/O
¢ AddOn
— Sensors
— Actuators
— Memory
— Other forms of communication
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Smart-Its Platform

All core boards

« Microcontroller

« RAM

* Analog Inputs

« Digital I/O

* Wireless
communication

« All boards are
software and
hardware compatible

* Small portable unit « Base station and

— 45mm x 50mm x debug unit
19mm — 55mm x 70mm x 29mm
— 29g with battery — 1109 with 4x AAA

— RS232 connector
— DC Power Connector
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Hardware
Core Board Basics

‘Analog Input \
N Y RS232 Sub-D
Driver connector
([ S— Microcontroller
(PIC16F876 or PIC18F252)

Voltage Regulator

oC
connector

Add-On Connector

Battery Holder

FRAMMemxxy| | Radiotransceiver |
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Hardware Tutorial — very brief :)

Microcontroller PIC16F876 or PIC18F252
« only page 1 of the datasheet...

Serial line driver MAX233
« Serial line on the PIC is TTL (0 to 5V) on the PC itis -12V to 12V.
This chip does the translation.

FRAM FM24C64
« Ferro-electric memory, fast, keeps its content when power is
switched off, connected via 12C, “Harddrive”

BIM2 Radio Transceiver

« Up to 160KBits/s in half duplex mode, either transmitter or receiver
or off, serial data stream should have equal numbers of 0 and 1,
packet done in software

78L05 Voltage regulator
« Regulate input voltage (6V...18V) to 5V
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Do It Your Self Approach

Building prototypes requires it!

Building Smart-Its yourself let you understand
more

¢ Change in the physical layout are then a natural
step (e.g. connecting a sensor with wires instead
of soldering it in)

« May be obsolete if there is a component that is
small enough and has a connector for
everything you want to connect
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Basics - Soldering

¢ a good mechanical connection before
soldering makes things much easier

« heat up the track and the component not
the solder
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Good and bad
soldering
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Soldering — Common errors

¢ Overheating — this can
damage or kill components!

¢ Creating short cuts (making
connections where there
should not be one)
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Hardware
DIY Approach

Selected requirements

« Understandable with a CS
background

Minimal electronics skill

Itis a tool

Similar to electronic kits

Easing embedding of sensors and
actuators

Reusable

 Basic hardware and software
should run within a week for most
scenarios

Beyond rapid prototypes
« All components as CAD unit

« Different physical shapes (of the
same HW) are easy to do

+...Software compatible to modules

Physical rotoiyaing.

Smart-Its Wiki at Lancaster

http://ubicomp.lancs.ac.uk/twiki/bin/viewauth/Smartits/WebHome
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AddOn Connector

* Mechanical function

— Hold the AddOn
board
¢ Electronics
— Provide
« Power and GND
« 5 Analog IN

« 7 Digital I/O
* 12C bus
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Hardware
Sensor Board Basics

Light Sensor

‘Analog Input (TSL261)
Analog Input Light Sensor

nalog Input (TsL251)

Touch

Digital 10 (QT110)
Acceleration

Digital 110 (ADXL202)
Digital 10 PIR Module
Temperature

12C Bus (DS1621)

Add-On Connector
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New Sensor boards

Add-Ons to the core smart-1t
* Hardware

— Much simpler
« Software

— Build upon frameworks
« Communication

— Basic functions available

Examples

« General sensors
« Vision / Camera
« Load sensing

« Weather board
« Motion sensing
¢ Actuator boards

.
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Creating new AddOn Boards

¢ Connection
— Analog
—-12C
— Serial
—Binary

e Writing a
driver
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Creating a AddOn
Simple example

Slider ... is a variable resistor

Use the analog input

Simple circuit

Conceptually measuring the voltage in the middle of two
resistors

Eagle CAD

¢ CAD software
http://www.cadsoftusa.com

¢ Free for non commercial use
The resulting files can be given directly
into production, e.g. at

http://www.pcb-pool.com

¢ Example using Eagle to create a new
Smart-Its addOn
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Perception

e Visi

Perception in Creatures

ion

« Hearing

e Smell

» Taste

* Touch

* Temperature

« Gravity and acceleration

« Position and constellation of (body) parts

e Ge

neral magnetic fields and in particular the magnetic

field of the earth
« Electric fields
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Technologies for context acquisition

Sensing Technologies

Light and Vision

Audio

Movement and Acceleration

Location and Position

Magnetic Field and Orientation

Proximity, Touch and User Interaction

Temperature, Humidity and Air Pressure

Weight

Motion Detection

Gas-Sensors and Electronic Noses

Bio-Sensors

Zero-Power Sensors

Sensor don't come for free
Constraints on Sensing

Requirements on Sensing in a Ubiquitous Computing

Design and Usability

Energy Consumption

Calibration

Start-up Time

Robustness and Reliability

Portability, Size and Weight

Unobtrusiveness, Social Acceptance and User Concern

Price and Introduced Cost

Precision and Openness
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Systems as Sensors

¢ RF-ID reader
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Actuation

« Creating
— Forces, motion and movement
— Sound
— Visual effects

« Devices
— Motors
— Servos
— Pumps (e.g. pneumatics)
— Lights
— Displays
— Speakers
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Platforms for Prototyping —

Further routes in Smart-Its
Smart-Its (www.smart-its.org) TecO, Uni KA

— Generic computing, sensing and « Minimal size
communication platform

— 2-folded: communication board,
sensor board

— Available sensors:

« Acceleration

Light sensor (visible/infrared)

Force sensor

Temperature sensor

Audio sensor (microphone)

« Spare space for additional sensors

« Minimal energy

— Actuators: ETH Zurich
« Light (LED) « Bluetooth ng_de b
« Audio (Piezo Speaker) * Interoperability
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Smart-Its: Long Term Vision

Toward tighter integration of ,,things“ with information

Files Information

Databases Objects
Manual Active
Registr. Artefcats
Barcode RFID Tags
scannen
“Things”

Active Artefacts

“' [ @ Dynamic state

Barcodes e Self-controlled
RF Identification
Explicit presence

Registration Impl|9|t, .
unintentional
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