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 Background:  A world in which every object has computing power and is connected, 

via wireless or cable, to the global network is called a pervasive computing world. In 

fact, our life is moving fast towards pervasive computing. Pervasive computing has 
pushed the computers to the background in ways that they are fully accessible and can 

be used and, at the same time, are hidden from the sight of people. To achieve this goal, 

computers need to be converted into smaller computational tools and are inserted within 
furniture, walls, and buildings. Results: Regarding the increasing tendency of mobile 

computing, computer networks, and wireless communications towards globalization, 

the importance of pervasive computing has increased similarly. Objective:  Since 
pervasive computing is very important and influential in all aspects of human life and 

work, effective and efficient identification and implementation of it is a vital issue.  

Conclusion: Accordingly and regarding the present study, the concept of pervasive 
computing and its generations are discussed to further understand this important issue. 

Then, assumptions and features of pervasive computing environment as well as its 

principles are also examined. Finally, we present the conclusion.  
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INTRODUCTION 

 

 From the beginning, the field of computer science has evolved with high speed. Many scientists have tried 

to map the future of this science.[1] Pervasive computing is a field that aims to shape the world in which the 

objects around us (that we are dealing with on a daily basis) have the processing power and, via wireless or 

cable, are communicating with a global network. This model is referred to as the third wave of information 

computing. In the first wave (period of big computers in the 1960s), many people were forced to use a shared 

computer and in the second wave (1980s), each person had access to a personal computer. However and 

regarding the third wave (emergence of the idea of pervasive systems), everybody-automatically and without 

exerting any special settings- takes customized benefits from the computers embedded in the surrounding 

environment (and are hidden from his/her view).[2] In other words, a world in which every object has 

computing power and is connected, via wireless or cable, to the global network is called pervasive computing 

world. The phrase “pervasive computing” is also known as ubiquitous computing, embedded computing, and 

augmented computing.[3] 

 In fact, our life is moving fast towards pervasive computing. Pervasive computing has pushed the 

computers to the background in ways that they are fully accessible and can be used and, at the same time, are 

hidden from the sight of people. To achieve this goal, computers need to be converted into smaller 

computational tools and are inserted within furniture, walls, and buildings. Regarding the increasing tendency of 

mobile computing, computer networks, and wireless communications towards globalization, the importance of 

pervasive computing has increased similarly. Pervasive computing will drastically change the way we think 

about our environment because it converts many immobile and non-living objects to entities with the ability to 

see and hear which can establish a limited relationship with their users.[4]  

 The idea of a pervasive computing has been around for years. However, Mark Weiser proposed its current 

version at Computer Science Laboratory at Xerox Park in 1988. In his view, a pervasive computing is exactly 

the opposite of virtual reality. In virtual reality, the user is absorbed in a computer environment. On the contrary, 
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the pervasive computing is a ubiquitous, but imperceptible, computing that is embedded into the objects around 

us, like the floor, lights, cars, washing machines, mobile phones, clothes, etc.[3] 

 Although it is more than 20 years than the idea of pervasive processing systems has been proposed by the 

Mark Weiser, but it seems that this idea is still a long way from practical and pervasive application. The 

existence of many open and challenging issues which include hardware (e.g. the development of efficient 

sensors) and software (e.g. standardization and interoperability of data exchange between various sensors) 

aspects can be enumerated as the reasons for the above mentioned phenomenon.[2] 

 

1. The concept of pervasive computing: 

 Pervasive computing includes doing computations and establishing communication in order to provide 

some services to users on the basis of many computational and communicative tools so that accomplishment of 

computations and communications are consciously done. In other words, it means access to computing from any 

location, using any computing device and at any time.[1] 

 

2. Different generations of pervasive computing: 

 The outlook of initial view of Mark Weiser denotes achieving network systems in the field of ICT which 

are embedded in the environment. Furthermore, they are hidden from the user's perspective and are automatic. 

Such systems track users’ activities and try to respond to their demands. So, it enables users to adapt to the 

physical environment around them. The first generation of pervasive computing, which is called the 

connectedness generation, lasts from 1991 to 2005. In this generation, the new advances in technology (such as 

the miniaturization of electronic and telecommunications equipment, cheaper and more powerful computing, 

communication and storage equipment and new wireless communication standards) have been used to achieve 

the idea of "connecting anything to anything". Some of the most visible characteristics of this generation are as 

follow: emergence of special-purpose computing and informative devices, sensor-actuator systems for implicit 

interaction between human and machine, introducing some capabilities such as self-configuration, self-healing, 

self-optimizing, and self-protecting.[2]  

 Over the years, it seems that special-purpose computing and information equipment and facilities are able to 

spontaneously connect with each other, sensor and actuator systems and quasi-organism systems like self-

configuration, self-optimization, and self-protection.[5] 

 The second generation of pervasive computing systems, which is known as awareness generation, has been 

formed between 2000 and 2007. This generation is founded on sensor-based diagnostic systems and new 

processing technologies and knowledge. The majority of research topics in this generation are focused on the 

following themes: context-awareness, situation- awareness, self-awareness, future-awareness and resource-

awareness. At the second level and based on knowledge extracted from low level data collected from sensors (in 

a specific location or a long period of time) were established. In the course of the investigation, some 

autonomous systems were introduced; these systems could understand the information and background 

knowledge and automatically describe, manage and organize their interactions with the environment. Finally, 

they could show a proportional behavior towards the acquired knowledge. 

 Combining the present factors in the context of social networks (e.g. the information contained in Twitter’s 

tweets or pictures uploaded in Flicker network) - which are the result of data mining in social networks- and 

sensing capabilities of the ICT equipment (such as sensors implemented in smart phones) - which are called 

pervasive sensors- lead to better knowledge extraction and consistency over the users’ position and more 

efficient compatibility between pervasive applications and the needs of users. Data derived from these 

combinations, pervasive social context, and the domain results in creation or application of this type of context 

is called pervasive social computing. This domain (or more generally, the idea of convergence of cyberspace 

and the real world) is the third generation of pervasive computing that started in 2008.[2] 

 

3. Goals, requirements and specifications: 

 In order to achieve the main goal of providing information and computations which are always, everywhere 

and by any means accessible, pervasive computing requires effective use of intelligent and invisible 

environment and should have the ability to expand locally and cover non-uniform conditions. To meet these 

needs, pervasive computing environments must have features such as context awareness and adaptability to 

changes. These factors are also seen in the figure below.[5] 

 

4. Assumptions of pervasive computing environment: 

 In a pervasive environment, computing is done with regard to context-based conditions. For the context-

based conditions to be available to users of the environment or the elements of environment, it is assumed that 

there are some environmental factors entitled directors of context. Having got help from sensors, director of the 

context should review the situation at any moment and update the relevant values for various conditions such as 

overcrowding, traffic situation, daytime, status of traffic lights and the temperature of the environment. Thus, 
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the elements in the environment can more intelligently provide services and prepare a more intelligent 

environment thereof. This computational and communication capability are implemented in the form of 

elements in the environment that we call them “host”. Personal digital assistant, mobile phone, identification 

device, and devices monitor the temperature of a building can be considered as hosts. The majority of these 

hosts are some of the typical things found in the environment such as doors, windows, television, fan that 

endowed with some computing and communication capabilities. They can make use of contextual element and 

establish some connection with other computational elements in order to deliver automatic and appropriate 

services to users.[4] 

 
 

Fig. : Classification of research issues in pervasive systems. 

 

5. Components of pervasive computing: 

 Components of pervasive computing are classified into the following sub-categories: 

 

5.1 Pervasive tools: 

 Pervasive environment consists of a variety of computational tools including usual input (such as mouse or 

keyboard), output (e.g. speaker or diodes, light diffuser pager) devices, wireless mobile devices (such as mobile 

phones or mobile computers), and PDA smart devices (such as floor tiles, in which some sensor are embedded, 

or vital sensors). Ideally, a pervasive computing should include any actual or potential intelligent tool. To 

achieve this goal, some intelligence is added to defined projects like Media Cup as well as ordinary objects 

around us.  

 Sensors, that collect and transmit data automatically and react based on this information, constitute an 

important part of pervasive computing systems. Good examples on this category are those sensors that gather 

information needed by system.[6]  

 

5.2 Pervasive network: 

 It is expected over the next few years that the number of pervasive tools increase rapidly. One of the 

consequences of this increase is the need to redesign or develop many current technologies. In addition to 

develop basic infrastructure, global networks such as the Internet must change their applied programs in such a 

way that their pervasive computing tools are fully integrated into these networks.[6] 

 

5.3 Pervasive middleware: 

 Similar to distributers and mobile computations, pervasive computing requires middleware that establishes 

a bridge between the installed applied programs and pervasive tools implemented by users. Pervasive 

middleware is the transmitter of interactions between the network and user and hold the user within the network 

environment. Middleware is a combination of hardware and software packages that operates in the server/client 

or point-to-point modes.[6] 

 

5.4 Other applications: 

 Compared to those mobile and web-based applications, these applications are more context-dependent. This 

means that these applications mostly determine the behaviors of middleware and network. For example, 

consider a heart patient whose body contains a monitor that can wirelessly connect with computers that are able 
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to recognize the warning symbols. This monitor must run and warn on the basis of information received from 

the environment- here, the body. So, the issue is more than establishing a wireless connection.[6] 

 

6. Characteristics of pervasive environment and servers: 

6.1 Getting a user's attention: 

 One of the main objectives of the pervasive systems is to hide the computations from the user's perspective. 

To achieve this goal, the pervasive system must be able to track users’ desires so that it can serve and provide 

required conditions beforehand. This feature is called pre-activity. Pervasive system should be able to track the 

desire of users so that pre-activity is effective enough. Otherwise, it can be difficult to decide which action helps 

user and cannot be considered as hindrance to him. 

 

6.2 Context-awareness: 

 Comprehensive system should be aware of the conditions of environment and user. Furthermore, it must 

alter its behavior based on this information. Contextual conditions may include physical location, physiological 

state of the body temperature, heart rate, emotional state (being angry, disturbed, calm), personal backgrounds, 

and daily patterns and so on. If a human assistant is aware of the contextual conditions, he/she may be able to 

determine and satisfy a user’s demands in advance. This assistant can decide for him without introducing any 

bother for the user. However, user must act personally when some extraordinary cases happen. 

 

6.3 Establishing privacy and building mutual trust: 

 Privacy is always an interesting and controversial issue in the domain of distributed and mobile systems and 

it has made it more complex in the field of pervasive computing. Methods such as location tracking, intelligent 

environment, and using substitutes are continuously monitoring the user's actions. As users rely more and more 

on a pervasive system, the system also obtains more and more information about their behavioral patterns and 

habits. Extracting this information is necessary to successful pre-activity and adaptability. However and if this 

information is not carefully controlled, one can abuse them. In fact, as the possibility of a serious loss of privacy 

is raised, aware users may be startled from pervasive system. 

 

6.4 Automatic evolution of long-lived systems: 

 With the rise of pervasive computing tools around users - in clothes, furniture, walls - their desires to update 

them all at once will lower. Similarly, systems and applications interacting with each other should develop 

thereof.  

 

6.5 Adaptability to changes: 

 One important requirement for pervasive systems is the ability to adapt to environmental changes emerging 

in the runtime. This ability is essential because it helps pervasive systems to be able to continue working with 

minimal human interference and enables them to deal with different situations. 

 

6.6 Open contracts: 

 Since the distributing tools and components come from different manufacturers and resources, the level of 

heterogeneity in pervasive computing is very high. Supporting mobility and distribution in such environment 

needs open distributed computing architectures and protocols. Regarding pervasive environment, it can be 

asserted that mobility management, service discovery and distributed computing need key descriptions.[4]  

 

7. The principles of pervasive computing: 

 There are four principles that guarantee the implementation of pervasive computerized computing tool 

within objects and they can define its development: 

 

7.1 Decentralization: 

 Decentralization of a computer device is accomplished by changing the main centralized processor 

computer into a personal computer and then continues into a pervasive computer device. In fact, future 

computer devices are not the computers themselves, but they will be some tags, sensors, badges (badges) and 

normal objects that will work together within a service-based infrastructure. 

 

7.2 Diversification: 

 Fully applied computer devices will turn into computers with diversified special devices that fulfill a 

person’s specific demand in accomplishing his/her specific purpose. A person can own multiple devices that 

functionally have few common points. However, each tool will be determined individually for a specific target. 
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7.3 Connectivity: 

 Independent pervasive computing devices- tags, sensors, signaling – are fully connected to a network or 

each other. To obtain this level of connectivity and interoperability, the normally open standards will be 

required. 

 

7.4 Simplicity: 

 These devices must be designed in such a way that they can be used easily. Direct interfaces, speech 

recognition, uniform performance, immediate operation and permanent connection are some of the requirements 

for high usability as well as simplicity.[7] 

 

8. Samples of pervasive computing systems: 

 Aware-home project is trying to create a house that recognizes its residents’ movements and help them. 

Cole Town project, associated with HP Company, is expected to be a city in the future whose people, places and 

objects are all considered as first class citizens of wired and wireless world community. In this town, all services 

and computational tools are contextually aware and they are present in the global communication network. 

Regarding the Pervasive Health Care project originated from Aarhus University of Denmark, some pervasive 

services are provided to help patients inside or outside the hospital. These services automatically and 

intelligently, communicate the demands of doctor and patient with minimal human direct involvement.[4] 

 

8.1 Pervasive computing in health care: 

 Various factors such as fatigue, drowsiness and visual error lead to some human errors in affairs that are 

done by humans and, but these error are inevitable and unpredictable. However and regarding the possibility of 

imposition of heavy losses, accepting the risk of human error in some affairs is unacceptable and irreversible. 

On the other hand, intelligent systems which have been developed by the same oblivious human can lower the 

ratio of these kinds of errors even to zero. However and regretfully, making use of such systems in 

environments such as hospitals is not conventional yet. This is because the smallest error committed in such 

environments can lead to irreparable fatality. Conversely, it seems that recent advancements in hardware and 

software fields have provided the required infrastructure so that it is possible to develop pervasive computing 

systems that delete more and more humans’ role in providing free of errors services to patients. 

 

8.2 Suggested scenario: 

 In this scenario, patients are equipped with vital signs monitors as well as instruments for determining their 

position. Similarly, the doctors, nurses and other staff have a wireless PDA as well as tools for determining their 

positions. The use of context-aware applications improves medical diagnosis and satisfies the needs of doctors, 

nurses and staff and provides some information to identify bills. Furthermore, this factor facilitates the 

communication between parts related to patients, laboratory, radiology, echocardiography and ultrasound exam. 

As noted above, physicians and nurses are equipped with positioning tools, so that one can easily observe the 

position of the desired physicians and nurses on the central panel.[5]  

 

8.3 Pervasive systems in residential health care: 

 One of the major problems faced by today’s hospital managers is providing high quality service to their 

clients. Each year, ranks of hospitals are complaining about some same problems. These problems include high 

patient demand, infrastructure problems, poor internal communications and lack of professional commitment, 

which can put the clinical treatment of patients at risk. One way to minimize the delay in customer services is to 

reverse the present method by which patients are treated. Rather than going to the hospital to be treated, patients 

must receive clinical services through the installation of applications which require doctors to go to their house. 

Residential health care is distinctive because it makes it possible for patients to receive direct medical care. 

Furthermore, emergency conditions, such as when the patient is unable to move, or even when he/she is willing 

to do his will and like to spend more time with family and friends can help to distinguish this kind of health 

care. The environment of residential care can be very dynamic and it means that patients can live in his/her 

environment and move to anywhere he/she wants. In addition, the patient can walk in a room and enjoys seeing 

and meeting relatives and friends. In addition to being at home, the patient should be continuously monitored 

and cared for. Furthermore, any sudden deterioration in his/her health status should be evaluated and treated 

promptly. Thus, a system of medical applications designed for residential care should support these frequent 

changes in the environment around the patient. Regarding this scenario, it seems that a pervasive computing can 

solve such problems as mobility which distinguishes a residential care environment. Pervasive computing makes 

it possible to access to information whenever and wherever. Consequently, doctors can easily and promptly 

reach patients' medical records through applications. They can make faster decisions about which treatment 

should be provided for a particular patient whose health is going to be deteriorated. In order to develop these 

applications, we need a system that is able to use information from residential care environment. To do this, it is 
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necessary to provide accurate information and knowledge in this area. One of the better ways to do this is using 

ontology. They can be defined as a formal representation and introduction of the conceptualization. Ontology 

consists of identities and relationships that are defined formally and precisely. If these relationships are named 

indicating their meanings, humans can understand them. Similarly, software can imagine a relationship and act 

upon it. Ontology can guarantee the interoperability of environmental information that can be transmitted 

through the system, so that they are capable of being interpreted independent of the database processing 

devices.[8] 

 

9. Conclusion: 

 Along with the rapid development of computer network and technology, it seems a necessary to establish a 

data communications environment such as fibers, Bluetooth, UWB, WIFI, WIMAX, and XIGBEE. Many 

purposeful computing devices such as sensors, embedded controllers, smart phones, PDA, etc. are being 

manufactured for pervasive computing systems. We imagine that our future world will be full of computers that 

are installed for general use and are placed in various positions and places ranging from coffee shop to waiting 

halls.[5] Pervasive computing should not be separated from everyday life. Since the mobility is an inseparable 

part of life, such technologies should support mobility. Otherwise and regarding the mobility of users and lack 

of enough technological devices, the users will feel lack of them.[4] 

 Mobile and ubiquitous technologies and applications are considered unique tools than can provide more 

comfort to the people. Furthermore, they can reduce the cost of government and help organizations to gain 

competitive advantage. Conversely, this technology can also be a source of many threats, many of them will 

probably remain unknown. Therefore, there is an urgent need for a detailed examination of these technologies, 

particularly in domain of humanities, as well as government surveillance. However, there should be no 

resistance to innovative applications. In other words, it can be stated that extremes utilization of these 

technologies and their applications can be harmful. Consequently, they can lead to unforeseen problems and 

deprive us from their advantages and opportunities. 
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