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Recap 

Å Learned the importance of fault tolerance for system recovery 

Å Explored other types of distributed systems 
Á Transportation systems 

Á Parallel systems 
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Agenda 

Å Goal: To examine the distributed systems that are pervasive, 
mobile and ubiquitous. 

Å Content: 
ÁWhat is a distributed pervasive system? 
Á Distributed, Mobile, Wearable and Ubiquitous technologies 

Á Importance 

ÁExamples 

ÁChallenges 

Áé and beyond 

 

After this lecture, you should be able to: 

Å Understand the design and development of pervasive distributed 
systems 3 



What is a distributed system? 

A distributed system is a collection of autonomous computing 
elements that appears to its users as a single coherent system 

 

- Google 

- Facebook 

- Internet 
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Observation 

A distributed system is a collection of autonomous computing elements that 

appears to its users as a single coherent system 



Distributed pervasive systems 
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Observation 

Emerging next-generation of distributed systems in which nodes are small, 

mobile, and often embedded in a larger system, characterized by the fact that 

the system naturally blends into the userôs environment. 



Distributed pervasive systems 
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Observation 

Emerging next-generation of distributed systems in which nodes are small, 

mobile, and often embedded in a larger system, characterized by the fact that 

the system naturally blends into the userôs environment. 

Three (overlapping) subtypes 

 

 

 

 

 

 

 

 



Distributed pervasive systems 
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Observation 

Emerging next-generation of distributed systems in which nodes are small, 

mobile, and often embedded in a larger system, characterized by the fact that 

the system naturally blends into the userôs environment. 

Three (overlapping) subtypes 

Å Ubiquitous computing systems: pervasive and continuously present, i.e., there is 

a continous interaction between system and user. 
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Observation 

Emerging next-generation of distributed systems in which nodes are small, 

mobile, and often embedded in a larger system, characterized by the fact that 

the system naturally blends into the userôs environment. 

Three (overlapping) subtypes 

Å Ubiquitous computing systems: pervasive and continuously present, i.e., there is 

a continous interaction between system and user. 

 

ÅMobile computing systems: pervasive, but emphasis is on the fact that devices 

are inherently mobile. 

 

 

 



Distributed pervasive systems 

9 

Observation 

Emerging next-generation of distributed systems in which nodes are small, 

mobile, and often embedded in a larger system, characterized by the fact that 

the system naturally blends into the userôs environment. 

Three (overlapping) subtypes 

Å Ubiquitous computing systems: pervasive and continuously present, i.e., there is 

a continous interaction between system and user. 

 

ÅMobile computing systems: pervasive, but emphasis is on the fact that devices 

are inherently mobile. 

 

Å Sensor (and actuator) networks: pervasive, with emphasis on the actual 

(collaborative) sensing and actuation of the environment. 



Distributed pervasive systems 

10 

Microphone / voice 

recognition 

Microphone, voice 

recognition, proximity 

detection 

Thermal cameras 

Heart rate, skin 

conductivity, 

cognitive abilities 

Inertial sensors, 

location tracking 

via GPS, activity 

recognition 



Ubiquitous systems 
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Core elements 

Å (Distribution) Devices are networked, distributed, and accessible in a transparent 

manner 
 

Å (Interaction) Interaction between users and devices is highly unobtrusive 
 

Å (Context awareness) The system is aware of a userôs context in order to optimize 

interaction 
 

Å (Autonomy) Devices operate autonomously without human intervention, and are 

thus highly self-managed 
 

Å (Intelligence) The system as a whole can handle a wide range of dynamic actions 

and interactions 



Mobile computing 
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Distinctive features 

ÅA myriad of different mobile devices (smartphones, tablets, GPS devices, remote 

controls, active badges. 

 

ÅMobile implies that a deviceôs location is expected to change over time -> change of 

local services, reachability, etc. Keyword: discovery. 

 

Å Communication may become more difficult: no stable route, but also perhaps no 

guaranteed connectivity -> disruption-tolerant networking. 

 

Å Communications with other devices that are proximal, -> opportunistic networks. 

 



Sensor networks 

13 

Characteristics 

ÅThe nodes to which sensors are attached are: Many (10s-1000s) 

 

Å Simple (small memory/compute/communication capacity) 

 

Å Often battery-powered (or even battery-less) 



Sensor networks as distributed databases 
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Two extremes 

 

 

 

 

 

 

 

 

 

 

 

 

 



New emerging pervasive technologies 
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Liquid recognition 

Material 

identification 

Drones for air quality 



Challenge: Autonomous sensing 
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Essence 

Autonomous sensing tasks performed by Unmanned Autonomous Vehicles 

(UAVs) 

Underwater and aerial drone scheduling 



Challenge: Autonomous sensing 
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Challenge: Autonomous sensing 
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Essence 

Data quality of sensor measurements. Example, thermal cameras, GPS, 

accelerometer, gyroscope, and so on. 

[PerCom 2019] Malmivirta, Titti, 

Jonatan Hamberg, Eemil 

Lagerspetz, Xin Li, Ella Peltonen, 

Huber Flores, and Petteri Nurmi. 

"Hot or not? robust and 

accurate continuous thermal 

imaging on flir cameras." In 

2019 IEEE International 

Conference on Pervasive 

Computing and Communications 

(PerCom 2019) 



Challenge: Sensor accuracy 
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Solution 

We develop calibration models to improve accuracy of sensor measurements. 

[PerCom 2019] Malmivirta, Titti, 

Jonatan Hamberg, Eemil 

Lagerspetz, Xin Li, Ella Peltonen, 

Huber Flores, and Petteri Nurmi. 

"Hot or not? robust and 

accurate continuous thermal 

imaging on flir cameras." In 

2019 IEEE International 

Conference on Pervasive 

Computing and Communications 

(PerCom 2019) 




