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Ubiquitous Computing
The term ubiquitous computing (UbiComp), was devised by 
Xerox PARC Chief Scientist Mark Weiser (1991). 

◦ “This term is associated with the ubiquity of information technology and 
computer power, which in principle pervade all in everyday objects.”

First article: The Computer for the 21st Century. Scientific 
American, 1991.

Ubiquitous computing  is a concept in software engineering and 
computer science where computing is made to appear anytime 
and everywhere.
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Ubiquitous Computing -
technologies
Ubiquitous computing can occur using any device, in 
any location and in any format.
User interacts with the computer, with everyday objects 
such as a fridge or a pair of glasses. 
Underlying technologies include for example:
◦ Embedded systems, SoC
◦ Firmware
◦ Sensors, new I/O devices and user interfaces
◦ Different networks and protocols
◦ even new materials
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Ubiquitous Computing -
technologies
Wide range of research areas such as: 
◦ distributed computing, 
◦ mobile computing, 
◦ Location-aware computing, 
◦ context-aware computing, 
◦ sensor networks, 
◦ human-computer interaction, 
◦ artificial intelligence,
◦ …
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Ubiquitous Computing -
technologies
The main idea behind ubiquitous computing systems: 

small, inexpensive, robust networked processing devices, 
distributed at all scales throughout everyday life objects.

Examples:
◦ Interconnection of  a house lighting and heating systems with 

personal biometric monitors embedded in clothes so that the 
conditions for lighting and heating can be adjusted 
continuously and imperceptibly;

◦ Smart refrigerators that are aware of their contents, and could 
suggest possible menus or even notify users about the food 
out of date or missing;

◦ …
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Ubiquitous Computing -
technologies
Human-computer interaction models based mainly on  
GUI-interface are not suitable for ubiquitous 
computing.
New human-computer interfaces more “natural” and 
embedded within our everyday life objects.
Multiple interaction environments. 
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Challenges
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Smart home 

Adapted from:
Enabling the Internet of Things: Fundamentals, Design, and Applications,  Iqbal , et.el., 2021

MCU
(MicroController Unit)
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Microcontroller

www.mikroe.com/chapters/view/1

• A small computer on a 
single chip (SoC)
• containing processor, 

memory, and input/output
• A microcontroller is often 

small and low cost
• Typically "embedded" 

inside some device that 
they control 

9

Microcontroller software
In final product, software is installed in factory 
(firmware)
Not designed for changes/updates by the final user

Developed by cross-compiling and loading
May include an OS, a RT OS, or no OS (bare-metal)
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Processor Architectures
VON NEUMMAN HARVARD
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Ubiquitous Computing
To build an ubiquitous system:
◦ Sensors/actuators and microcontrollers,
◦ Human-computer interaction (new interfaces/technologies) 
◦ Autonomous power supply,
◦ Location and position systems,
◦ Communication infrastructure,
◦ Data management and Computing infrastructure,
◦ …
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Sensors
A sensor is a device that detects and responds to 
some type of input from the physical 
environment.

A sensor is a type of transducer, that converts the 
physical parameter (for example: temperature, 
blood pressure, humidity, speed, etc.) into a signal 
which can be measured electrically or optically. 

Example: the mercury in the glass thermometer expands 
and contracts the liquid to convert the measured 
temperature which can be read by a viewer on the 
calibrated glass tube.
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Sensors

The form of the output signal will often be a voltage related 
to the input signal, or it may be a wave form whose 
frequency is proportional to the input, or information signal 
in some other form.
If electrical, the output signal may be coupled to an Analog 
to Digital Converter (ADC) for a digital reading

TransducerInput energy 
(signal)

Output energy 
(signal)

Sensing process
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Sensors (example)
Thermocouple: a thermoelectric device for measuring 
temperature, consisting of two different metals that 
react differently at the same temperature
generates a proportional voltage (output) in response 
to a temperature (input from the environment).
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Sensors (example)
Thermistor: is a type of resistor whose resistance 
changes with the change in temperature. In other 
words, is resistor in which the flow of electric current 
changes with changes in temperature.
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Sensors have characteristics (example)
Thermocouple
• range of temperature sensing by type
• Type T = -200 to 350°C; 
• Type J = 95 to 760°C; 
• Type K = 95 to 1260°C; 

• can be very accurate;
• mostly linear;

Thermistor
• more narrow range of sensing (e.g. -55 to +150 C);
• usually very nonlinear; roughly exponential decrease in 

resistance with increasing temperature
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Sensors
Sensor conversion phenomena are mainly physical phenomena 
such as thermoelectric, photoelectric, photo-magnetic, 
electromagnetic, magneto-electric, thermo-elastic, 
thermomagnetic, thermo-optic, photo-elastic …

SCMU 2021/2022 18

18



17/03/2022

SCMU 2021/2022 10

Sensors
Sensors need to be designed to have a small effect on 
what is measured.
◦ Sensors can also have an impact on what they measure.
◦ Example: a thermometer inserted into a hot cup of liquid cools 

the liquid while the liquid heats the thermometer. 

Making smaller sensors often reduces this effect and 
may introduce other advantages. 
Technological progress allows more and more sensors 
to be manufactured on a microscopic scale as micro-
sensors.
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Sensor – characteristics terminology
1. Sensitivity

2. Range (“alcance”)
3. Precision / Repeatability
4. Accuracy (“exatidão”)
5. Resolution (“resolução”)
6. Offset
7. Linearity
8. Response Time
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Sensors - Sensitivity
A sensor's sensitivity indicates how much the sensor's 
output changes when the input quantity being 
measured changes.
◦ Example: if the mercury in a thermometer moves 1 cm when 

the temperature changes by 1°C
◦ the sensitivity is 1cm/°C (it is basically the slope Dy/Dx assuming a linear 

characteristic).

◦ Example: a typical blood pressure transducer may have a 
sensitivity rating of 10mV/V/mm Hg
◦ there will be a 10mV output voltage for each volt of excitation potential 

and each mm Hg of applied pressure.
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Sensor - Range
The range of the sensor is the maximum and minimum 
values of applied parameter that can be measured. 
The dynamic range is the total range of the sensor from 
minimum to maximum.

Example: 
A certain medical blood pressure transducer can have working 
range from a minimum (vacuum) limit of -50 mm Hg (Ymin) and 
a maximum (pressure) limit of +450 mm Hg (Ymax). 
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Sensor - Precision
The precision refers to the degree of reproducibility of a 
measurement
If exactly the same value (steady state) were measured a 
number of times, an ideal sensor would output exactly the 
same value
◦ If the values are every time close together then it has a high degree 

of precision or repeatability. 

Real sensors output a range of values distributed in some 
manner relative to the actual correct value.
◦ Example: suppose a pressure of exactly 150 mm Hg is applied to a 

sensor. Even if the applied pressure never changes, the output 
values from the sensor will vary considerably. Some subtle problems 
arise in the matter of precision when the true value and the sensor's 
mean value are not within a certain distance of each other
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Sensors – Accuracy
“Accuracy can be defined as the amount of uncertainty in 
a measurement with respect to an absolute standard.”

The accuracy of the sensor is the maximum difference 
that will exist between the actual value (which must be 
measured by a primary or good secondary standard) and 
the indicated value at the output of the sensor.
The accuracy can be expressed either as a percentage of 
full scale or in absolute terms.
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Accuracy versus Precision

SCMU 2021/2022 25

25

Sensors – Resolution
The resolution is the smallest detectable incremental 
change of input parameter that can be detected in the 
output signal
◦ it can be expressed either as a proportion of the reading (or 

the full-scale reading) or in absolute terms.
◦ It is the ratio between the maximum signal measured to the 

smallest part that can be resolved - usually with an analog-to-
digital (A/D) converter.

◦ It is the degree to which a change can be theoretically 
detected, usually expressed as a number of bits. This relates 
the number of bits of resolution to the actual voltage 
measurements.
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Sensors - Offset
The offset error of a transducer is defined as the output 
that will exist when it should be zero or, alternatively, 
the difference between the actual output value and the 
specified output value under some particular set of 
conditions.

SCMU 2021/2022 27

27

Sensors - Linearity
The linearity of the transducer is an expression of the 
extent to which the actual measured curve of a sensor 
departs from the ideal curve. 

Note that in most cases, the static curve is used to determine 
linearity, and this may deviate somewhat from a dynamic 
linearity. 
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Sensors - Linearity
Linearity is often specified in terms of percentage of 
nonlinearity, which is defined as:

This static nonlinearity is often subject to environmental factors, 
including temperature, vibration, acoustic noise level, and humidity. 
It is important to know under what conditions the specification is 
valid and departures from those conditions may not yield linear 
changes of linearity.

Nonlinearity(%) = Din(max) / INfs
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Sensors – Response Time
Sensors do not change output state immediately when 
an input parameter change occurs. 
They will change to the new state over a period of time, 
called the response time. 

The response time can be defined as the time required 
for a sensor output to change from its previous state to 
a final settled value within a tolerance band of the 
correct new value. 
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Sensors - Response Time

Response time following an 
abrupt positive going step-
function change of the input 
parameter. 

Two types of response time

Decay time (Td) in response to a 
negative going step-function 
change of the input parameter.
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Sensors - Criterias to choose
There are certain features which have to be considered 
when choosing a sensor:

1. Previous characteristics (Sensitivity, Range, Precision, 
Accuracy, Resolution, Response Time)

2. Calibration: Essential to correct offset and  linearity for 
most of the measuring devices. Also the readings 
change with time

3. Environmental conditions: Usually has limits for 
temperature/humidity

4. Electrical characteristics: working voltage, current, 
etc…

5. Cost
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Sensors - Calibration
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Each sensor will have a 
“characteristic curve” that 
defines the sensor’s 
response to an input. 

The calibration process maps 
the sensor’s response to an 
ideal linear response.

How to best accomplish that 
depends on the nature of 
the characteristic curve.

33

Sensors - Calibration

SCMU 2021/2022

Offset – easy to correct with a single-point calibration.
Sensitivity or Slope – A difference in slope means that the 
sensor output changes at a different rate than the ideal. The 
Two-point calibration process can correct differences in 
slope.
Linearity – Very few sensors have a completely linear 
characteristic curve. Some are linear enough over the 
measurement range that it is not a problem. But some 
sensors will require more complex calculations to linearize 
the output.
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Sensors – Calibration (1)

SCMU 2021/2022

One point calibration is the simplest 
type of calibration, it can be used to 
correct sensor offset error.

One point calibration can also be 
used as a "drift check" to detect 
changes in response and/or 
deterioration in sensor 
performance.
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Sensors – Calibration (2)
Two point calibration can be used in cases 
where the sensor output is known to be 
reasonably linear over the measurement 
range.

SCMU 2021/2022 36

To perform a two point calibration:
1.Take two measurements with your sensor: one near the low 
end (RawLow) of the measurement range and one near the 
high end (RawHigh) of the measurement range. 
2.Calculate RawRange = RawHigh – RawLow
3.Repeat these measurements with your reference instrument.
4.Calculate ReferenceRange = ReferenceHigh-ReferenceLow
5.
CorrectedValue(RawValue) =
(((RawValue – RawLow) * ReferenceRange) / RawRange) + 
ReferenceLow
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Sensors - Classification
The sensors can be classified in different ways:

1. Primary property measured
2. Active vs Passive
3. Contact vs noncontact
4. Absolute vs relative
5. Digital vs analog (outputs)
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Sensors
Classification based on property

Temperature: Thermistors, thermocouples, …
Pressure: Optic fiber, vacuum, elastic liquid based manometers, LVDT, electronic.
Flow:  Electromagnetic, differential pressure, positional displacement, thermal mass, 
etc.
Level Sensors: Differential pressure, ultrasonic radio frequency, radar, etc.
Proximity and displacement: LVDT, photoelectric, capacitive, magnetic, ultrasonic.
Biosensors: Resonant mirror, electrochemical, surface Plasmon resonance, Light 
addressable potentiometric.  
Image: Charge coupled devices, CMOS.
Gas and chemical: Semiconductor, Infrared, Conductance, Electrochemical.
Acceleration:  Gyroscopes, Accelerometers.

Others - Moisture, humidity sensor, Speed sensor, mass, Tilt sensor, force, viscosity.
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Physical sensors categories
Passive sensors: The sensor receives energy already in the 
environment. These sensors consume less energy, but often 
have signal and noise problems.

Example: a camera, uses the energy (light) in the environment to 
capture a snapshot; Radiometer.

Active sensors: They require power supply (excitation signal) 
to emit some form of energy and then measures its impact as 
a way of understanding the environment.
Active sensors are self-generating devices because their own 
properties change in response to an external effect.

Example: ultrasonic, laser, and IR sensors.
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Active Sensors - Example
A radar used by police to measure the speed of traveling 
vehicles is a use of active remote sensing. 

The radar device is pointed at a vehicle, pulses of radiation 
are emitted, and the reflection of that radiation from the 
vehicle is detected and timed. 

The speed of the vehicle is determined by calculating time 
delays between the repeated emissions and reception of 
the pulses. 

This can be calculated very accurately because the speed of 
the radiation is much, much faster than most vehicles.
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Analog Sensors
Analogue Sensors produce a continuous output signal 
or voltage which is generally proportional to the 
quantity being measured. 
Examples: Physical quantities such as temperature, 
speed, pressure, displacement, strain, etc. 
The temperature of a liquid can be measured using a 
thermometer or thermocouple which continuously 
responds to temperature changes as the liquid is heated 
up or cooled down.

SCMU 2021/2022 41

41

Analogue sensors
Analogue sensors tend to produce output signals that 
are changing smoothly and continuously over time. 
These signals tend to be very small in value from a few 
micro-volts to several millivolts, so usually some form of 
amplification is required.
Then circuits which measure analogue signals usually 
have a slow response and/or low accuracy. 
Analogue signals can be easily converted into digital 
signals using analogue-to-digital converters (ADC).
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Digital sensors
Digital sensors produce a discrete digital output signals 
or voltages that are a digital representation of the 
quantity being measured.
Digital signals can have high accuracies when using a 
very high clock speed sampling. 
The accuracy of the digital signal is proportional to the 
number of significant bits used to represent the 
measured quantity. 
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Sensors / 
Actuators
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Data Acquisition System
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Smart sensor
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Smart sensor
What is a smart sensor? 

A smart sensor is a device that can compute, 
communicate and sense the environment.

Each one interacts with the physical space to sense some 
properties, such as: temperature, pressure, light, vibration, 
speed.

Interact with each other to propagate information (sensed 
data).

Interact with each other to coordinate.
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Smart sensors
What makes sensors smart? 

◦ Self Identification and Self Diagnostic
◦ Time Awareness
◦ Digital Output 

◦ Provide software functions like signal processing, data 
logging

◦ Conforms to a standard data and control protocol
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Smart sensors
Takes input from the physical environment and 
processes data by performing predefined operations 
and functions and then process data before passing it 
on.
Enable more accurate and automated collection of 
environmental data with less erroneous noise among 
the accurately recorded information. 
Allow the detection of data and key performance 
metrics that can be examined to improve the efficiency.
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Smart sensors
Examples:

Industrial
equipment is monitored and controlled for analyzing 
compression, temperature, moisture, and vibrations.

Healthcare
continually analyze individual patient activity and for 
example, automatically predict a heart attack before 
the patient feels sick.
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Sensors - context awareness 
The combination of simple sensors is very interesting.
Each simple sensor capture just a small aspect of an 
environment, but the combination may result in a good 
characterization of the context.
Awareness of context can not be inferred only from location

SCMU 2021/2022 51

51

Bibliography
◦ https://www.ni.com/pt-pt/innovations/white-papers/06/sensor-

fundamentals.html
◦ https://www.ni.com/pt-pt/innovations/white-papers/13/sensor-

terminology.html
◦ https://learn.adafruit.com/calibrating-sensors/so-how-do-we-calibrate

SCMU 2021/2022 52

52

https://www.ni.com/pt-pt/innovations/white-papers/06/sensor-fundamentals.html
https://www.ni.com/pt-pt/innovations/white-papers/13/sensor-terminology.html
https://learn.adafruit.com/calibrating-sensors/so-how-do-we-calibrate

