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Abstract-

 

Information technology advancement leads to an 
innovative paradigm called Ambient Intelligence (AmI). A 
digital environment is employed along with AmI to enable 
individuals to be aware to their behaviors, needs, emotions 
and gestures. Several applications of the AmI systems in 
healthcare environment attract several researchers. AmI is 
considered one of the recent technologies that support 
hospitals, patients, and specialists for personal healthcare with 
the aid of artificial intelligence techniques and wireless sensor 
networks. The improvement in the wearable devices, mobile 
devices, embedded software and wireless technologies open 
the doors to advanced applications in the AmI paradigm. The 
WSN and the BAN collect medical data to be used for the 
progress of the intelligent systems adapted inevitably. The 
current study outlines the AmI role in healthcare concerning 
with its relational and technological nature. Health monitoring 
and electronic patients’ planning assistance applications are 
reported in the present work. Lastly, the challenges tackled in 
the AmI technology adaptation in the real world healthcare 
applications are highlighted.
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I.

 

Introduction

 

mbient intelligence is associated with the 
atmosphere at which emotional and rational 
intelligence is ubiquitous. In the AmI environment, 

individuals are bounded by embedded intelligent 
devices’ networks to collect information nearby their 
physical places in order to provide services, and 
ubiquitous information. Intelligent devices are accessible 
whenever required through interactions and acting 
independently to allow high quality information to any 
user, at any time, on any device, and anywhere. 

 

In healthcare environments, these devices are 
related to medical informatics, decision support, 
gathered electronic health records, knowledge 
reasoning and representation, and telemedicine. 
Patients’ medical reports, radiological films, personal 
and medical information can be observed in remote 
places. Furthermore, remote robotics can be used in 
telemedicine and surgery. Nevertheless, these 
healthcare applications are used for specific clinical 
situations in certain services with explicit patient. 

Distributed environment are used mainly with 
applications that are undeveloped to share actions and 
knowledge. Recently, AmI is related to the exponential 
evolution of Internet. For user-friendly applications, web 
browsers can support several features to allow users to 
use remote applications.  

Recently, technology is moving towards 
Ambient Intelligence (AmI) environments to support 
inhabitants the daily life [1- 21]. In physical world 
environments, AmI allows the human to interact in an 
inconspicuous and intelligent way using computing 
devices with complete awareness of the people 
requirements and forecasting behaviors. AmI 
environments are essentially local including hospitals, 
offices, homes, transports, and control centers. Recently 
researchers are interested to comprise extra intelligence 
in the AmI environments for superior access to the 
indispensable knowledge and decision making that 
support individuals. Typically, AmI is related to several 
concepts, such as context awareness, embedded 
systems, and artificial intelligence to incorporate with 
other techniques including computer graphics, 
automation and communications. Several challenges 
faces the AmI requiring advanced techniques such as 
the artificial intelligence (AI), machine learning, 
computational intelligence, computer vision, and 
intelligent robotics that have been used in several 
applications [22- 31].  

AmI technologies have several features 
including transparent, adaptive, sensitive, intelligent and 
ubiquitous. Researchers reported different AmI 
definitions, namely i) AmI is an emergent multi-
disciplinary domain founded on ubiquitous computing 
that influences the protocols design, devices, systems, 
and communications [32], ii) AmI offers new interaction 
ways between people and technology to serve the 
environment and individuals’ needs [33], and iii) AmI is a 
new research domain for non-intrusive, distributed, and 
intelligent software systems [34]. AmI is involved in 
several applications especially in the medical sector to 
improve the healthcare by developing for example an 
inclusive structured approach to electronic medical 
record (EMR) toward intelligent healthcare units [35]. 
Furthermore, it can be employed to augment smart 
hospital rooms that support both the medical staff and 
patients [36]. In order to achieve these features, 
wired/wireless sensor technologies are assimilated, 
tolerating the patient to interact and to control the 
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hospital services. In addition, the clinical oriented 
interface can allow vital sign monitoring. Such wireless 
technologies include the use of Bluetooth, Zigbee, WiFi, 
and RF (radio frequency along with intelligent sensors. 
This AmI environment integrates several software and 
hardware technologies for manually or automatically 
controls electronic and electrical devices.  

Smart environments and wireless technologies 
have an ultimate role to provide user-friendly tools to 
cope with the surrounding environment. Mahoney [37] 
established that smart environment can be considered 
ease the hospitals staff workload when supporting the 
AmI. These technologies endorse the clinical care 
quality with patient's independency, superior life quality 
and improving the health care quality. Several 
applications that support miscellaneous clinical 
requirements include condition unambiguous treatment 
and diagnosis, patient’s remote monitoring and softcopy 
radiological film review. Moreover, assistive 
environments, such as RFID based smart hospitals, 
environmental sensors and monitoring cameras can be 
included to support healthcare. Such environments 
require integrated interconnect services in the 
automation systems, e-health systems and sensors 
through binding architecture [38]. 

The structure of the remaining sections is as 
follows. Section 2 introduces the wireless sensor 
networks role in the AmI systems. Section 3 reports 
several studies that have employed the artificial 
intelligence to develop advanced AmI systems. 
Conducting decision making, healthcare interactions 
and monitoring in AmI environments are addressed in 
section 4.  The challenges face the AmI technology in 
healthcare are highlighted in section 5. Finally, the 
conclusion is considered in section 6. 

II. Wireless Sensor Networks in AMI 
Systems 

The Wireless Sensor Networks (WSN) is a 
compulsory technology for developing the AmI 
environment via providing the users by services based 
on their context. These networks offer flexible and 
dynamic structure for the acquired data transmission 
from the environment through sensors. The transmitted 
data is considered the base for developing the AmI 
services adjusted with the acquired information from the 
sensors system in charge of handling this information. 
The WSN allow information gathering about the 
environment and the user.  

The foremost characteristic of the WSN is to 
transmit wirelessly the acquired data by sensors in 
diverse environments to other nodes for processing this 
data. Since the WSN consists of massive number of 
nodes, these nodes require special design 
characteristics, namely low power consumption, small 
size, low cost, and low complexity. Furthermore, network 

topology and protocol are considered during the WSN 
design to simplify the nodes functionality with less time 
consuming to reduce the power consumption. In the 
Wireless Body Area Networks (WBAN) for healthcare 
applications, the star topology is used mainly, where a 
central node coordinates the communication with 
outside the Body Area Networks (BAN) and the medical 
sensors [39]. Generally, the BAN has compact units 
responsible about transferring the vital signs from the 
patient’s body and the physician or hospital. Several 
applications employed the BAN to monitor the patient’s 
state, such as i) MobiHealth monitoring system for vital 
signs based on a BAN [40] and an m-health service 
stage using communication via Bluetooth between the 
central device and the intra-BAN, ii) WBAN VitaSens 
system including ECG, blood pressure, respiratory, and 
temperature sensors [41], and iii) Ubimon ubiquitous 
monitoring system for implantable and wearable 
sensors  including accelerometer, ECG, humidity and 
temperature sensors [42].  

Through the AmI paradigm, the way to offer the 
information to the society services and users is 
developed by including the Internet services. Services 
can be accessible by the user as well as by the system 
intelligence tolerate automatic delivery of the services. 
The user interaction with the services will be over 
interfaces. Consequently, in order to realize services 
based on this paradigm, the user context should be 
known requiring sensors in the patient’s body and in the 
environment. Such facility can be acquired using AmI 
services to compromise the adopted service via the 
natural interfaces. Likewise, the interoperability and 
integration of these networks with Local, Personal, and 
other networks configurations become essential.   

Hospitals and medical centers offer traditional 
healthcare services. For the scientific community, 
finding active methods to improve healthcare become 
challenging issue. Post-surgery monitoring is 
considered one of the vital needs. Furthermore, patients 
need to contact their doctors easily. Nevertheless, 
traditional solutions for these aspects are inconvenient, 
costly, and inefficient for the patients for routine checks. 
Thus, E-health aims mainly to improve the health care 
quality, and to enhance the health care effectiveness. In 
order to direct the healthcare services from the hospital 
environment to the home, AmI environment become 
essential for personalized healthcare and for healthcare 
monitoring. AmI has been involved in several healthcare 
applications, such as computer-assisted surgery 
systems to remote surgical conduction with reduced risk 
[43], virtual reality systems to treat the anxiety disorders 
[44].  

AmI allows a physical connection between the 
patient’s daily practices and the e-health systems using 
wearable medical devices, smart environments software 
techniques. The context embraces the environment and 
the users’ information, which contain different 
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parameters, such as temperature, light, blood pressure, 
and heart rhythm. Different WSNs technologies, such as 
ZigBee; Bluetooth or Radio Frequency Identification 
(RFID), are employed to gather the AmI required 
information. Development of AmI systems requires also 
dynamic methods and mechanisms based on artificial 
intelligence (AI). 

III. Artificial Intelligence in AMI Systems 

Typically, AmI environment is profound to the 
living creatures’ existence in it, ropes their activities and 
anticipates/remembers their actions [45]. Consequently, 
for health claims in AmI, data collected from vital-sign 
sensors plays a significant role. Several computational 
methods based AmI in vital sign sensors are developed. 
Sensor data analysis requires distributed/centralized 
models with the AmI systems [46]. Each sensor has 
committed processing abilities to perform local 
computation before transferring the data to other nodes 
in the WSN.  

Numerous data mining and artificial intelligence 
(AI) techniques are used to analyze the sensors data in 
the AmI systems, including  fuzzy logic rules, neural 
networks, machine learning and decision making. Such 
techniques assist AmI in healthcare monitoring. Several 
studies for developing AmI systems in healthcare have 
been carried out. Activity recognition system based on 
artificial neural network (ANN) has been conducted to 
regulate the falls occurrence using single sensor 
positioned on the individual’s chest [47]. The results 
established that the ANN entails more tuning factors 
compare to the

 
support vector machines (SVM). 

 

A GerAmI system has been settled with the 
Alzheimer Santísima Trinidad Residence of Salamanca 
that used sensors to record the patients’/users’ data, 
where the user wore an armlet holding a RFID chip for 
tracking individuals

 
[48]. In the case of required 

assistance, a message containing the patient’s name, 
the occurred problem and information about the 
paramount way to handle this situation is directed to the 
staff members PDA. In patients with Parkinson’s 
disease, in order to predict clinical scores of data 
severity obtained from wearable sensors, a SVM has 
been implemented [49]. On a single environment, an 
AmI application has been outfitted with sensors and 
deliberated to improve the resident experience in the 
environment [50]. A Hierarchical Task Network (HTN) 
planner has been employed to produce actions 
sequences and eventuality plans to realize the aim goal 
of the AmI system [51]. The AmI system may react to a 
sensed health necessity by calling the medical 
professional and

 
transferring health vitals through any 

communication device/tool such as email, or cell phone.
 

In smart health environments, a study has been 
carried out to proof the architecture concept for emotion 

regulation and detection of the patients through the 
analysis of their facial expressions, behavior and vital 
signals [52]. Another study has been applied using the 
insulin dosing, glucose levels, sleep state, and physical 
activity data gathered from body-wearable sensors to 
detect type 1 diabetes [53]. An open research domain is 
directed toward the techniques used in order to acquire 
self-reported data and to integrate sensor-provided 
information from the sensor networks in the AmI system. 
Subsequently, a platform for collecting and integrating 
data from service providers and sensors into one 
cohesive format for further use in the experience 
sampling methods (ESM) has been implemented [54]. 

 

For cognitive-related pathologies, a game has 
been designed for the analysis and evaluation of the 
frontal brain activity

 
via the videogame mechanics 

identification that include EEG brain activities associated 
to some cognitive skills [55]. Furthermore, another 
study, on the brain signals to recognize emotions, has 
been proposed using the neural network [47].  Several 
machine learning methods have been used to evaluate 
a predictive system performance that deals with the in-
hospital patients’ mortality. These patients undergo 
overhaul of an abdominal aortic aneurysm.

 

IV.
 

Decision Making, Healthcare 
Interactions and Monitoring in AMI

 

 

In order to conduct fully automated AmI 
applications, decision-making techniques are employed. 
Several studies have been carried out to implement 
decision making based AmI systems. Temporal 
reasoning has been used with a rule-based system in 
order to recognize hazardous states with decision 
making that resolve this situation and return the 
environment to a nonviolent status while communicating 
the place’s residents [56]. Added, deleted, and modified 
fuzzy rules have been learned via observing the resident 
behavior in the iDorm application to adapt the 
environment according to the changing behavior.  

Another AmI system based on decision making 
has been conducted to design a planning system 
supported by artificial intelligence to remind entities by 
their next daily activities as well as the incomplete tasks 
[57]. A hierarchical task network planner based AmI 
system has been proposed to produce plans of actions’ 
sequences for responding to sensed health 
requirements by contacting medical professional and 
sending health vitals through email, cell phone, or fax 
[51]. Patients suffer from Alzheimer's disease and other 
disorders are also supported by developing an AmI 
system that help individuals to perform their regular 
errands through sensing their location/environment and 
offer decision making to forewarning caregivers in the 
critical situations [58]. In medicine, to in order to 
regulate optimal decisions sequences, Markov-based 
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method has been used to describe the dynamic 
sequential decision making process [59]. 

Based on communication technologies and 
information, ambient systems can assist and enhance 
the life quality of individuals at home and anywhere. This 
promotes the services/infrastructures development 
toward autonomous life through the incorporation of the 
communication technologies and information through 
ambient intelligence in healthcare applications. In such 
domain, ubiquitous systems, wearable sensors and 
secure mobile can be engaged to improve the life health 
quality. Automated AmI systems require universe 
technologies to achieve the interaction between the 
patients and the physicians.  

A theoretical framework has been proposed to 
support this interaction process [60]. In the AmI design, 
different measuring tools for the patient’s rendezvous in 
technology progress and for testing the effectiveness of 
AmI prototypes have been used. Other interactive 
environment has been proposed for people 
rehabilitation with physical disabilities [61]. Due to the 
intuitive interaction of users, direct, and natural features 
of the AmI systems, it can be employed to recognize 
and predict the individuals’ activities and can be 
involved with services and applications embedded in the 
surrounding environment. Based on inertial wearable 
sensors, a collective dataset for human gait has been 
gathered of further analysis [62]. A passive vision-based 
system to estimate the measurements of gait using light 
sensor along with 3D point-cloud has been proposed in 
order to explore the gait analysis of the wearable system 
that has 2 wireless sensors for acceleration fixed on the 
ankles [63].  

AmI systems have been also supported the 
daily life healthcare through homecare assistance. A 
computational detection technique to quantify the 
changes in physical activity patterns using wearable 
sensor data has been proposed [64]. This technique 
can be applied to detect inadvertent changes in the 
individuals’ patterns performance to validate the effect 
of any new healthy behavior on the individual’s lifestyle. 
Another ambient system has been framed to promote 
social commitments and activities of the elderly 
individuals using in-home sensors by linking the 
information inferred with the social network [65]. This 
provides the old individuals with the chances to make 
new social networks. In the daily life environment, 
another AmI system application to support old people 
has been proposed to assess the fall risk assessment 
with preventing its occurrence using wearable sensors 
[66].  

V. Wearable Sensors Devices in AMI 
Systems 

AmI is an evolving restraint that passes 
intelligence to the individuals’ daily life environments and 

creates sensitive environments to the human needs. Its 
main idea depends on enriching the surroundings with 
technology, namely interconnected devices to a network 
and sensors leading to a system that can take useful 
decisions to the users. Such decisions depend on the 
gathered real-time historical information and 
accumulated data. Based on the development in several 
technologies and areas, including networks, sensors, 
artificial intelligence, human computer interfaces and 
ubiquitous computing, AmI environment grows quickly.  

AmI has several applications in the healthcare 
domain, including: I) Human fall detection by evaluating 
the wearable sensors data such as that obtained from 
the accelerometers. In this application, numerous 
algorithms and sensor’s data transmission and 
localization are developed.  In addition, an automated 
call to the person’s relatives can be started with the fall 
situation detection. II) Human activity recognition that 
identifies the user’s activities if he/she wears 
accelerometer(s). Such system requires machine 
learning procedures for analyzing the data received from 
the sensors. Numerous procedures for studying the 
sensor body locations in different positions, such as the 
ankles, chest, wrists, and thighs can be involved. III)  
Human stress detection, which detects the users’ stress 
level using also machine learning procedures for data 
analysis data is considered one of the important AmI 
applications. IV) Automated human energy expenditure 
estimation can be carried out by analyzing the data from 
different wearable sensors, including the galvanic skin 
response, heart rate, and accelerometer. This system is 
also requires machine learning methods to estimate the 
energy expenditure. 

From the preceding addressed applications of 
the AmI systems in the healthcare domain, it is obvious 
that the wearable sensors have the main impact in all 
systems. Wearable sensors have monitoring as well as 
diagnostic applications using their biochemical/ 
physiological capabilities. Physiological monitoring can 
be involved in diagnosis and enduring treatment of a 
massive number of patients, who suffer from 
cardiovascular, neurological, and pulmonary diseases 
including hypertension, seizures, asthma, and 
dysrthymias. Sensors are positioned and arranged in 
consistent with the clinical application under concern. 
For example, sensors for monitoring vital signs, such as 
the respiratory rate and the heart rate, can be arrayed 
when the monitored patients with chronic disease or 
congestive heart failure suffering clinical intrusion [67]. 
Sensors for capturing movement data can be used in 
monitoring applications effectively, such as in the home-
based therapy interventions in stroked patients or to 
detect the elderly people mobility. Figure 1 
demonstrated the monitoring system structure based on 
wearable sensors that attached to the users’ body.  
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Figure1: Wearable sensors based remote health monitoring structure 

In order to transmit the collected sensors data, 
wireless communication is trusted to convey the 
patient’s data to any access point or mobile phone and 
communicate the information to an inaccessible center 
through the Internet. Detecting emergency situations 
using data processing systems are implemented to 
send an alarm message to the emergency service 
center for instantaneous assistance to the patients. 
Consequently, the wearable system consists of main 
parts, namely i) data sensing and collecting hardware 
sensor device, communication system of 
software/hardware to transmit the sensed data to a 
remote center, and finally the data analysis and 
processing technique based on machine learning in 
order to extract the significant and clinical information. 
Subsequently, development in the telecommunication, 
electronic circuits, sensors technology, microelectronics, 
and data processing and analysis methods is directly 
reflected to an improvement in the wearable systems for 
several healthcare applications.  

The prominence of incorporating large scale 
wireless tele-communication tools, including the WiMAX, 
Wi-Fi Mesh, and 3G with tele-medicine attracts several 
researchers. Such technologies integration can be 
employed for endless people’s monitoring who suffer 
from cognitive disorders, such as Parkinson’s, and 
Alzheimer’s. Furthermore, there is an important research 
studies that focused on the tiny wireless sensor devices 
development that integrated into wearable materials, 
fabrics or can be entrenched in the human body. 
Currently, the range of implantable and wearable 
biomedical devices increases due to the developments 
in the digital electronics, wireless communications, and 
micro-electro-mechanical systems (MEMS) technology. 
This provided multi-functional, low power and low-cost 
sensor nodes having small size and can interconnect 

through short distances. In addition, tiny sensor nodes 
will be applicable that have the advantage of the sensor 
networks depending on cooperative strength of a large 
nodes’ number. 

VI. Ambient Intelligence Challenges in 
Health Care 

Ambient intelligence based on wireless 
communication and wearable devices has a significant 
role in several applications [68-71]. The ability to resolve 
to individuals requirements along with bridging the gap 
between devices, environment and individuals with 
widespread practice in changes management, 
innovation and knowledge sharing, lead to the presence 
of several challenges in the AmI environment.  More 
challenges and limitations are raised in the healthcare 
area. Since AmI is considered a conception at which the 
environment ropes the individuals using embedded 
sensors and processors.  

Wearable devices and handheld devices 
considered as interface between the system and user 
that allow the system to adapt based on the user’s 
behavior. In order to realize higher quality health care 
environment including hospitals, homes, and medical 
centers, more effective healthcare systems based on the 
AmI technology become compulsory to handle in-
bed/wheel chair patients and many other critical cases. 
Massive progress in medicine and living circumstances 
increased the life expectations.  

Intensifying healthcare cost and lack of 
healthcare experts poses a difficulty in today’s society. 
Sensor equipment and communication equipment are 
engaged mainly to handle the challenges in the 
healthcare environment. In addition, artificial intelligent 
can produce a self-satisfying life style. In AmI systems, 
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the detection the life threatening situations and rapid the 
time response in emergency cases. The information 
technology progress supports healthcare institutions 
including healthcare centers and hospitals to operate 
competently with saving cost. 

 

Identifying the shortage in healthcare 
information management is considered one of the 
critical issues to develop AmI systems for based on 
advanced AI techniques. Furthermore, proposing active 
communication system to handle time-critical situations 
is considered one of the challenging problems in the 
Ami environment to improve healthcare delivery using 
distributed intelligence systems. Designing wearable 
electronic devices to assist chronic disease patients to 
know the correct medication, to give reminder, and to 
contact relatives in the critical situations as well as to 
suggest the appropriate diet in order to manage their 
heath conditions become one of the new research 
challenges.

 

Transcription problem of can be considered as 
a problematic of transforming one information form to an 
alternative or from one storing system to another. Thus, 
human resources must be allotted to copy the record 
from one format to an alternative, which is time 
consuming, error prone, costly and challenging for the 
real world AmI in healthcare. Another challenging aspect 
is the end user acceptance and usability of the 
complicated designed user interface. For potential 
assistance for the healthcare provision, AmI systems 
have been identified for all individuals’ categories, 
however old peoples have limited experience to 
adopting technologies. Thus, in advance of organizing 
developed technologies, it is important to assess their 
acceptance. Moreover, the intensive care unit can be 
considered a complex system that includes massive 
health information and severe healthcare system 
components, including environments, patients, and 
tasks. Thus, in order to improve the patient outcomes 
and to enhance the health information technology, 
critical care delivery competence and the patients’ 
safety, superior interaction in the intensive care units 
systems with the different healthcare information 
technology components become significant.

 

The AmI healthcare applications can be 
categorized into personal healthcare/wrist-worn 
monitoring devices, and institutional healthcare 
providers’ aspects, including hospital environment 
sensor localization. In environmental intelligence, 
although in healthcare applications, research is going 
ahead, it does not grasped yet the maturity level due to 
the challenges in healthcare domain raised by the 
computer scientists as well as the difficulty to handle the 
critical situations at which errors are intolerable. Several

 

research openings can be directed to explore the role of 
the AmI systems in several applications to support 
healthcare, including:

 

• Data analysis for health AmI environments 
• Behavior analysis in AmI to assist living 

environments 
• Mobile devices and wearable systems 

developments in activity recognition systems  
• Ubiquitous healthcare applications  
• Machine learning techniques supporting 

handicapped people in AmI systems 
• Monitoring of chronic diseases in AmI environments  
• Physiological data acquisition system in AmI 

environments 
• Privacy and security in AmI systems 
• Big data, data management and sensing in AmI 

environment 
• Smart homes based on AmI systems 
• AmI in intensive care units 

Furthermore, one of the main hurdles to the 
sensing technology implementation, expressly for the 
wearable applications, is the sensors’ size and the front-
end electronics, which used to collect the movement 
and physiological data in the applications of long-term 
monitoring. Modern progresses in the microelectronics 
domain, allowed the engineering and researchers to 
improve minute circuits with front-end amplification, 
sensing ability, radio transmission, and microcontroller 
purposes. Improvements in the manufacture technology 
of the micro-electromechanical systems (MEMS), 
enables the miniaturized inertial sensors progress, 
which can be involved in the detection of the motor 
activities as well as other health cases monitoring 
systems. In addition, batch fabrication methods are 
challenging and have substantial reduction in the 
sensors’ cost and size and cost. Moreover, 
microelectronics is recently depending on the 
integration of several components, including the radio 
communication circuits and the microprocessors, into a 
single unified circuit leading to the implementations of 
System-on-Chip [72].  

VII. Conclusions 

The AmI technology is considered a new 
paradigm for upcoming applications in the information 
society proposing intelligent services based on the user 
context through interactive interfaces. Ambient 
intelligence has an emerging role in healthcare. The 
paper presented a snapshot of the AmI system related 
technologies as well as some empirical studies in 
healthcare. Robust foundation for the integrated AmI 
systems implementation is clearly reported based on the 
wearable sensors, information and communication 
technologies advancement to support healthcare. 
Several challenges are highlighted to inspire the 
researchers toward the AmI technology as a starting 
point for progress to provide effective AmI systems in 
healthcare. Such challenges include elder users’ 
acceptance to this new technology, intelligence 
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communication/embedded sensors technologies allow 



wearable sensors design, and developing advanced 
machine learning techniques to support the AmI 
technology. An important attention to technology, 
organizational structure, and human factors in the 
relevant healthcare services should be considered by 
the healthcare providers to exploit the AmI potential. 

References Références Referencias 

1.
 

Bravo, J., Alamán, X., & Riesgo, T. (2006). 
Ubiquitous computing and ambient intelligence: 
New challenges for computing j. ucs special issue. 
J. Univ. Comput. Sci, 12, 233-235.

 

2.
 

Aarts, E., & De Ruyter, B. (2009). New research 
perspectives on Ambient Intelligence. Journal of 
Ambient Intelligence and Smart Environments, 1(1), 
5-14.

 

3.
 

Belgharb, K., & Boufaida, M. (2017). Using Event B 
to Specify Context Awareness for Service Discovery 
in Pervasive Environments. International Journal of 
Ambient Computing and Intelligence (IJACI), 8(1), 1-
22.

 

4.
 

Juneja, D., Singh, A., Singh, R., & Mukherjee, S. 
(2017). A thorough insight into theoretical and 
practical developments in multiagent systems. 
International Journal of Ambient Computing and 
Intelligence (IJACI), 8(1), 23-49.

 

5.
 

Kimbahune, V. V., Deshpande, A. V., & Mahalle, P. 
N. (2017). Lightweight Key Management for 
Adaptive Addressing in Next Generation Internet. 
International Journal of Ambient Computing and 
Intelligence

 
(IJACI), 8(1), 50-69.

 

6.
 

Tyagi, S., Som, S., & Rana, Q. P. (2017). Trust 
based dynamic multicast group routing ensuring 
reliability for ubiquitous environment in MANETs. 
International Journal of Ambient Computing and 
Intelligence (IJACI), 8(1), 70-97.

 

7.
 

Boulmaiz, A., Messadeg, D., Doghmane, N., & 
Taleb-Ahmed, A. (2017). Design and 
Implementation of a Robust Acoustic Recognition 
System for Waterbird Species using TMS320C6713 
DSK. International Journal of Ambient Computing 
and Intelligence (IJACI), 8(1), 98-118.

 

8.
 

Zhang, W., Qi, Q., & Deng, J. (2017). Building 
Intelligent Transportation Cloud Data Center Based 
on SOA. International Journal of Ambient Computing 
and Intelligence (IJACI), 8(2), 1-11.

 

9.
 

Alenljung, B., Lindblom, J., Andreasson, R., & 
Ziemke, T. (2017). User Experience in Social 
Human-Robot Interaction. International Journal of 
Ambient Computing and Intelligence (IJACI), 8(2), 
12-31.

 

10.
 
Acharjya, D., & Anitha, A. (2017). A Comparative 
Study of Statistical and Rough Computing Models in 
Predictive Data Analysis. International Journal of 
Ambient Computing and Intelligence (IJACI), 8(2), 
32-51.

 

11. Sharma, K., & Virmani, J. (2017). A Decision 
Support System for Classification of Normal and 
Medical Renal Disease Using Ultrasound Images: A 
Decision Support System for Medical Renal 
Diseases. International Journal of Ambient 
Computing and Intelligence (IJACI), 8(2), 52-69. 

12. Manogaran, G., & Lopez, D. (2017). Disease 
surveillance system for big climate data processing 
and dengue transmission. International Journal of 
Ambient Computing and Intelligence (IJACI), 8(2), 
88-105. 

13. Odella, F. (2017). Technology Studies and the 
Sociological Debate on Monitoring of Social 
Interactions. In Biometrics: Concepts, 
Methodologies, Tools, and Applications (pp. 529-
558). IGI Global. 

14. Guesgen, H. W., & Marsland, S. (2016). Using 
Contextual Information for Recognising Human 
Behaviour. International Journal of Ambient 
Computing and Intelligence (IJACI), 7(1), 27-44. 

15. Ang, L. M., Seng, K. P., & Heng, T. Z. (2016). 
Information Communication Assistive Technologies 
for Visually Impaired People. International Journal of 
Ambient Computing and Intelligence (IJACI), 7(1), 
45-68. 

16. Sosnin, P. (2016). Precedent-Oriented Approach to 
Conceptually Experimental Activity in Designing the 
Software Intensive Systems. International Journal of 
Ambient Computing and Intelligence (IJACI), 7(1), 
69-93. 

17. Fouad, K. M., Hassan, B. M., & Hassan, M. F. 
(2016). User Authentication based on Dynamic 
Keystroke Recognition. International Journal of 
Ambient Computing and Intelligence (IJACI), 7(2), 1-
32. 

18. Mhetre, N. A., Deshpande, A. V., & Mahalle, P. N. 
(2016). Trust Management Model based on Fuzzy 
Approach for Ubiquitous Computing. International 
Journal of Ambient Computing and Intelligence 
(IJACI), 7(2), 33-46. 

19. Kishor, D. R., & Venkateswarlu, N. B. (2016). A 
Novel Hybridization of Expectation-Maximization 
and K-Means Algorithms for Better Clustering 
Performance. International Journal of Ambient 
Computing and Intelligence (IJACI), 7(2), 47-74. 

20. Hemalatha, S., & Anouncia, S. M. (2016). A 
Computational Model for Texture Analysis in Images 
with Fractional Differential Filter for Texture 
Detection. Biometrics: Concepts, Methodologies, 
Tools, and Applications: Concepts, Methodologies, 
Tools, and Applications, 309. 

21. Mohanpurkar, A. A., & Joshi, M. S. (2016). A Traitor 
Identification Technique for Numeric Relational 
Databases with Distortion Minimization and 
Collusion Avoidance. International Journal of 
Ambient Computing and Intelligence (IJACI), 7(2), 
114-137. 

Ambient Intelligence in Healthcare: A State-of-the-Art

© 2017   Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of
 C

om
pu

te
r 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

  
  

  
 V

ol
um

e 
X
V
II 

Is
su

e 
III

 V
er
sio

n 
I 

  
  
 

  

25

Y
e
a
r

20
17

  
 (

)
H



22. Samanta, S., Choudhury, A., Dey, N., Ashour, A. S., 
& Balas, V. E. (2016). Quantum inspired 
evolutionary algorithm for scaling factors 
optimization during manifold medical information 
embedding. Quantum Inspired Computational 
intelligence: Research and Applications.  

23. Chakraborty, S., Chatterjee, S., Dey, N., Ashour, A. 
S., & Hassanien, A. E. (2017). Comparative 
Approach Between Singular Value Decomposition 
and Randomized Singular Value Decomposition-
based Watermarking. In Intelligent Techniques in 
Signal Processing for Multimedia Security (pp. 133-
149). Springer International Publishing. 

24. Hore, S., Chatterjee, S., Sarkar, S., Dey, N., Ashour, 
A. S., Balas-Timar, D., & Balas, V. E. (2016). Neural-
based prediction of structural failure of multistoried 
RC buildings. Structural Engineering and Mechanics, 
58(3), 459-473. 

25. Saba, L., Dey, N., Ashour, A. S., Samanta, S., Nath, 
S. S., Chakraborty, S., ... & Suri, J. S. (2016). 
Automated stratification of liver disease in 
ultrasound: an online accurate feature classification 
paradigm. Computer methods and programs in 
biomedicine, 130, 118-134. 

26. Ahmed, S. S., Dey, N., Ashour, A. S., Sifaki-Pistolla, 
D., Bălas-Timar, D., Balas, V. E., & Tavares, J. M. R. 
(2017). Effect of fuzzy partitioning in Crohn’s 
disease classification: a neuro-fuzzy-based 
approach. Medical & biological engineering & 
computing, 55(1), 101-115. 

27. Li, Z., Shi, K., Dey, N., Ashour, A. S., Wang, D., 
Balas, V. E., ... & Shi, F. (2017). Rule-based back 
propagation neural networks for various precision 
rough set presented KANSEI knowledge prediction: 
a case study on shoe product form features 
extraction. Neural Computing and Applications, 
28(3), 613-630. 

28. Wang, D., Li, Z., Cao, L., Balas, V., Dey, N., Ashour, 
A., ... & Shi, F. (2016). Image fusion incorporating 
parameter estimation optimized Gaussian mixture 
model and fuzzy weighted evaluation system: a 
case study in time-series plantar pressure dataset. 
IEEE Sensors Journal. 

29. Li, Z., Dey, N., Ashour, A. S., Cao, L., Wang, Y., 
Wang, D., ... & Shi, F. (2017). Convolutional Neural 
Network Based Clustering and Manifold Learning 
Method for Diabetic Plantar Pressure Imaging 
Dataset. Journal of Medical Imaging and Health 
Informatics, 7(3), 639-652. 

30. Tian, Z., Dey, N., Ashour, A. S., McCauley, P., & Shi, 
F. Morphological segmenting and neighborhood 
pixel-based locality preserving projection on brain 
fMRI dataset for semantic feature extraction: an 
affective computing study. Neural Computing and 
Applications, 1-16. 

31. Gospodinova, E., Gospodinov, M., Dey, N., 
Domuschiev, I., Ashour, A. S., & Sifaki-Pistolla, D. 

(2015). Analysis of heart rate variability by applying 
nonlinear methods with different approaches for 
graphical representation of results. Analysis, 6(8). 

32. Weiser, M. (1993). Some computer science issues 
in ubiquitous computing. Communications of the 
ACM, 36(7), 75-84. 

33. Tapia, D. I., Abraham, A., Corchado, J. M., & 
Alonso, R. S. (2010). Agents and ambient 
intelligence: case studies. Journal of Ambient 
Intelligence and Humanized Computing, 1(2), 85-93. 

34. Rech, J., & Althoff, K. D. (2004). Artificial intelligence 
and software engineering: Status and future trends. 
KI, 18(3), 5-11. 

35. Cook, D. J., Augusto, J. C., & Jakkula, V. R. (2009). 
Ambient intelligence: Technologies, applications, 
and opportunities. Pervasive and Mobile Computing, 
5(4), 277-298. 

36. Liedtka, J. M., Whitten, E., & Sorrells-Jones, J. 
(1998). Enhancing care delivery through cross-
disciplinary collaboration: A case study/Practitioner 
response. Journal of Healthcare Management, 43(2), 
185. 

37. Mahoney, D. F. (2011). The aging nurse workforce 
and technology. Gerontechnology, 10(1), 13-25. 

38. Bouwhuis, D. G. (2010). From stupid technology 
(ST) to stupid intelligence (SI). Gerontechnology, 
9(4), 484-486. 

39. Lo, B., & Yang, G. Z. (2005, April). Key technical 
challenges and current implementations of body 
sensor networks. In Proc. 2nd International 
Workshop on Body Sensor Networks (BSN 2005). 

40. Konstantas, D., Jones, V., Bults, R., & Vierhout, P. 
(2001). Healthcare PANs: Personal Area Networks 
for trauma care and home care. 

41. Schmidt, R., Norgall, T., Mörsdorf, J., Bernhard, J., 
& von der Grün, T. (2002). Body Area Network BAN–
a key infrastructure element for patient-centered 
medical applications. Biomedizinische 
Technik/Biomedical Engineering, 47(s1a), 365-368. 

42. Lo, B. P., Thiemjarus, S., King, R., & Yang, G. Z. 
(2005). Body sensor network–a wireless sensor 
platform for pervasive healthcare monitoring. 

43. Barrett, W., Hoeffel, D., Dalury, D., Mason, J. B., 
Murphy, J., & Himden, S. (2014). In-vivo alignment 
comparing patient specific instrumentation with both 
conventional and computer assisted surgery (CAS) 
instrumentation in total knee arthroplasty. The 
Journal of arthroplasty, 29(2), 343-347. 

44. Chicchi Giglioli, I. A., Pallavicini, F., Pedroli, E., 
Serino, S., & Riva, G. (2015). Augmented reality: a 
brand new challenge for the assessment and 
treatment of psychological disorders. Computational 
and mathematical methods in medicine, 2015. 

45. Ducatel, K., Bogdanowicz, M., Scapolo, F., Leijten, 
J., & Burgelman, J. C. (2001). Scenarios for ambient 
intelligence in 2010. Office for official publications of 
the European Communities. 

Ambient Intelligence in Healthcare: A State-of-the-Art
G
lo
ba

l 
Jo

ur
na

l 
of
 C

om
pu

te
r 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

  
  

  
 V

ol
um

e 
X
V
II 

Is
su

e 
III

 V
er
sio

n 
I 

  
  
 

  

26

Y
e
a
r

20
17

  
 (

)
H

© 20 7   Global Journa ls Inc.  (US)1



46. Mondéjar, T., Hervás, R., Johnson, E., Gutierrez, C., 
& Latorre, J. M. (2016). Correlation between 
videogame mechanics and executive functions 
through EEG analysis. Journal of Biomedical 
Informatics, 63, 131-140. 

47. Meza-Kubo, V., Morán, A. L., Carrillo, I., Galindo, G., 
& García-Canseco, E. (2016). Assessing the user 
experience of older adults using a neural network 
trained to recognize emotions from brain signals. 
Journal of Biomedical Informatics, 62, 202-209. 

48. Monsalve-Torra, A., Ruiz-Fernandez, D., Marin-
Alonso, O., Soriano-Payá, A., Camacho-Mackenzie, 
J., & Carreño-Jaimes, M. (2016). Using machine 
learning methods for predicting inhospital mortality 
in patients undergoing open repair of abdominal 
aortic aneurysm. Journal of Biomedical Informatics, 
62, 195-201. 

49. Patel, S., Hughes, R., Huggins, N., Standaert, D., 
Growdon, J., Dy, J., & Bonato, P. (2008, August). 
Using wearable sensors to predict the severity of 
symptoms and motor complications in late stage 
Parkinson's Disease. In Engineering in Medicine and 
Biology Society, 2008. EMBS 2008. 30th Annual 
International Conference of the IEEE (pp. 3686-
3689). IEEE. 

50. Cook, D. J., & Das, S. K. (2007). How smart are our 
environments? An updated look at the state of the 
art. Pervasive and mobile computing, 3(2), 53-73. 

51. Amigoni, F., Gatti, N., Pinciroli, C., & Roveri, M. 
(2005). What planner for ambient intelligence 
applications?. IEEE Transactions on Systems, Man, 
and Cybernetics-Part A: Systems and Humans, 
35(1), 7-21. 

52. Fernández-Caballero, A., Martínez-Rodrigo, A., 
Pastor, J. M., Castillo, J. C., Lozano-Monasor, E., 
López, M. T., ... & Fernández-Sotos, A. (2016). 
Smart environment architecture for emotion 
detection and regulation. Journal of Biomedical 
Informatics, 64, 55-73. 

53. Heintzman, N., & Kleinberg, S. (2016). Using 
uncertain data from body-worn sensors to gain 
insight into type 1 diabetes. Journal of biomedical 
informatics, 63, 259-268. 

54. Blaauw, F. J., Schenk, H. M., Jeronimus, B. F., van 
der Krieke, L., de Jonge, P., Aiello, M., & Emerencia, 
A. C. (2016). Let’s get Physiqual–An intuitive and 
generic method to combine sensor technology with 
ecological momentary assessments. Journal of 
Biomedical Informatics, 63, 141-149. 

55. Mondéjar, T., Hervás, R., Johnson, E., Gutierrez, C., 
& Latorre, J. M. (2016). Correlation between 
videogame mechanics and executive functions 
through EEG analysis. Journal of Biomedical 
Informatics, 63, 131-140. 

56. Augusto, J. C., & Nugent, C. D. (2004, August). The 
use of temporal reasoning and management of 
complex events in smart homes. In Proceedings of 

the 16th European Conference on Artificial 
Intelligence (pp. 778-782).  

57. Simpson, R., Schreckenghost, D., LoPresti, E. F., & 
Kirsch, N. (2006). Plans and planning in smart 
homes. In Designing Smart Homes (pp. 71-84). 
Springer Berlin Heidelberg. 

58. Frank Lopresti, E., Mihailidis, A., & Kirsch, N. (2004). 
Assistive technology for cognitive rehabilitation: 
State of the art. Neuropsychological rehabilitation, 
14(1-2), 5-39. 

59. Beck, J. R., & Pauker, S. G. (1983). The Markov 
process in medical prognosis. Medical Decision 
Making, 3(4), 419-458. 

60. Triberti, S., & Barello, S. (2016). The quest for 
engaging AmI: Patient engagement and experience 
design tools to promote effective assisted living. 
Journal of Biomedical Informatics, 63, 150-156. 

61. Martinez, K., Hart, J. K., & Ong, R. (2004). 
Environmental sensor networks. Computer, 37(8), 
50-56. 

62. Llamas, C., González, M. A., Hernandez, C., & 
Vegas, J. (2016). Open source platform for 
collaborative construction of wearable sensor 
datasets for human motion analysis and an 
application for gait analysis. Journal of biomedical 
informatics, 63, 249-258. 

63. González, I., López-Nava, I. H., Fontecha, J., 
Muñoz-Meléndez, A., Pérez-SanPablo, A. I., & 
Quiñones-Urióstegui, I. (2016). Comparison 
between passive vision-based system and a 
wearable inertial-based system for estimating 
temporal gait parameters related to the GAITRite 
electronic walkway. Journal of Biomedical 
Informatics, 62, 210-223. 

64. Sprint, G., Cook, D. J., & Schmitter-Edgecombe, M. 
(2016). Unsupervised detection and analysis of 
changes in everyday physical activity data. Journal 
of Biomedical Informatics, 63, 54-65. 

65. Bilbao, A., Almeida, A., & López-de-Ipiña, D. (2016). 
Promotion of active ageing combining sensor and 
social network data. Journal of Biomedical 
Informatics, 64, 108-115. 

66. Danielsen, A., Olofsen, H., & Bremdal, B. A. (2016). 
Increasing fall risk awareness using wearables: a fall 
risk awareness protocol. Journal of biomedical 
informatics, 63, 184-194. 

67. Corbishley, P., & Rodríguez-Villegas, E. (2008). 
Breathing detection: towards a miniaturized, 
wearable, battery-operated monitoring system. IEEE 
Transactions on Biomedical Engineering, 55(1), 196-
204. 

68. Popleteev, A., & Engel, T. (2014). Device-free indoor 
localization based on ambient FM radio 
signals. International Journal of Ambient Computing 
and Intelligence (IJACI), 6(1), 35-44. 

69. Sigg, S., Shi, S., & Ji, Y. (2014). Teach Your WiFi-
Device: Recognise Simultaneous Activities and 

Ambient Intelligence in Healthcare: A State-of-the-Art

© 2017   Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of
 C

om
pu

te
r 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

  
  

  
 V

ol
um

e 
X
V
II 

Is
su

e 
III

 V
er
sio

n 
I 

  
  
 

  

27

Y
e
a
r

20
17

  
 (

)
H



Gestures from Time-Domain RF-
Features. International Journal of Ambient 
Computing and Intelligence (IJACI), 6(1), 20-34. 

70. Carlin, S., & Curran, K. (2013, June). An active low 
cost mesh networking indoor tracking system. 
In World of Wireless, Mobile and Multimedia 
Networks (WoWMoM), 2013 IEEE 14th International 
Symposium and Workshops on a (pp. 1-6). IEEE. 

71. Tran, B. (2014). Assistive Technology: Human 
Capital for Mobility (Dis) abled Workforce Diversity 
Development. International Journal of Ambient 
Computing and Intelligence (IJACI), 6(2), 15-28. 

72. Brand, O. (2006). Microsensor integration into 
systems-on-chip. Proceedings of the IEEE, 94(6), 
1160-1176. 

 

Ambient Intelligence in Healthcare: A State-of-the-Art
G
lo
ba

l 
Jo

ur
na

l 
of
 C

om
pu

te
r 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

  
  

  
 V

ol
um

e 
X
V
II 

Is
su

e 
III

 V
er
sio

n 
I 

  
  
 

  

28

Y
e
a
r

20
17

  
 (

)
H

© 20 7   Global Journa ls Inc.  (US)1


	Ambient Intelligence in Healthcare: A State-of-the-Art
	Author
	Keywords
	I.Introduction
	II. Wireless Sensor Networks in AMISystems
	III. Artificial Intelligence in AMI Systems
	IV. Decision Making, HealthcareInteractions and Monitoring in AMI
	V. Wearable Sensors Devices in AMISystems
	VI. Ambient Intelligence Challenges inHealth Care
	VII. Conclusions
	References Références Referencias

