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ABSTRACT 
 

Smartphone devices are nowadays common affordable devices not only for 

communication purposes but also for determining the user’s position, for 

sending emails, managing digital agendas and to allow internet access. Starting 

from last decade, they become interesting instruments also for engineering and 

biomedical applications, thanks to their high diffusion. In 2018, 66% of 

individuals in 52 key countries owned a smartphone, with an increment of 

about 3% in only one year. This fact permitted the rapid development of apps 

for different goals, starting from precise positioning both in outdoor and indoor 

scenarios, to the 3D reconstruction of the environment using images up to 

driving evaluation purposes or healthcare and biomedical engineering 

applications. This chapter resumes the main research fields where smartphone 

devices are considered, providing the main references. It also introduces and 

briefly describes the contributions contained in this book, guiding the reader 

through the logical structure of the book in order to point out new possible 

studies and future perspectives in different reserch fields. 
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Smartphones are mobile devices that perform many of the functions of a 

computer, typically having a touchscreen interface, Internet access, and an 

operating system capable of running downloaded apps [1]. 

They are similar  to  notebook  computers  with  their  own  operating  system,  

processor, internal memory, and high-quality camera lenses [2]. The diffusion of 

smartphones and other mobile devices is increasing the number of contacts between 

brands and consumers, by giving consumers new opportunities to connect to media 

content wherever they are, at any time in the day. This diffusion is greater in the 

high-tech than in the less economically developed countries (LEDC). 

As wrote in [3], in 2018, 66% of individuals in 52 key countries (which 

includes all Europe countries, US, Central and South America, and some Asian 

countries such as China , Japan, South Korea and Thailand) owned a smartphone, 

up from 63% in 2017 and 58% in 2016, according to Zenith’s Mobile Advertising 

Forecasts 2017, published on October 16, 2017. The rapid expansion of smartphone 

ownership across the world, which has transformed the way that advertisers 

communicate with consumers, is slowing down as penetration reaches 80%-90% in 

the most advanced markets. The number of smartphone owners have been increased 

by 7% in 2018, compared to 10% growth in 2017, 14% in 2016 and 21% in 2015.  

Western Europe and Asia Pacific continue to lead the world in smartphone 

ownership. The ROI agency Zenith [3] predicts that five markets will have 

smartphone penetration above 90% in 2018: the Netherlands (94%), Taiwan (93%), 

Hong Kong (92%), Norway and Ireland (each at 91%). 11 markets will have 

penetration levels between 80% and 90%, all of them in Western Europe and Asia 

Pacific with the exception of Israel, where penetration will be 86%. 

As reported in [2], the latest annual Mobility Report from Ericsson indicated 

that nowadays, there are 84 million new mobile subscriptions, reaching a total of 

3.9 billion of smartphone subscriptions. It is estimated that mobile subscriptions are 

growing at around 3 percent year-on-year globally. Thus, the forecast for 2022 is to 

have 6.8 billion of smartphone subscriptions. 

This happens because smartphones and other mobile devices allow to increase 

the number of interactions between companies and customers, by giving consumers 

new opportunities to connect to media content wherever they are, at any time in the 

day. In addition, the continuous improvement of smartphone electronics and the 

development of new apps have inspired researchers and scientists for using 

smartphones not only for phone calls.  

Today, smartphones are equipped with many sensors, such as the built-in 

camera, GPS/GNSS receivers and antennas, accelerometers, gyroscopes, 

magnetometers, proximity sensors, and barometer. 
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Exploiting the characteristics of these sensors, smartphones can be used for 

many activities such as colorimetric detection [4], for sharing the information on 

real time, as well as quantification [5], monitoring [6], solving medical problems 

(e.g., freezing of gait in Parkinson’s disease [7], glucose monitor [8], to detect 

enzymes [9], to preventive health care [10][11], pain management [12]), 

applications related to food [13] or for engineering activities [14]. In these cases, 

the application fields start from hydraulic (e.g., for analyzing the quality of the 

water [15] or to detect its salinity [16]) to chemistry (e.g., detection and 

discrimination of explosives [17]), environmental (e.g., aluminum and chromium 

determination in  natural  water [18]), and positioning purposes (e.g., precise [19] 

or collaborative positioning [20], mapping [21], location base services [22], 

augmented reality [23][24] or 3D reconstruction [25]) up to search and rescue 

activities [26]. 

It is neither possible to cover all research fields where smartphones are used 

nor to describe all possible applications where smart devices are used. 

This book wants to highlight a selection of restricted contributions in the 

emerging research fields where smartphones can be used for innovative approaches. 

The first chapter aims to demonstrate the use of a smartphone as a real-time 

data capture device, which can be connected to either a local server or a cloud 

platform to perform analytics on both externally and internally captured data.  

The second and third ones are focused on positioning applications and 

performances for outdoor and indoor scenarios, respectively. 

The second one focuses the attention on GNSS receivers installed inside 

smartphones: after a brief description about GNSS positioning, it introduces the use 

of GNSS in smartphones, including the latest developments, providing also some 

examples of positioning perfomances, obtained exploiting raw GNSS 

measurements. 

The third chapter shows certain recent results on the usage of UWB sensors 

with smartphones in order to improve the estimation of users’ positions in indoor 

environments. In addition, an example of a mobile mapping system for GNSS-

denied environment is also shown, considering the combination of UWB devices 

and smartphone devices. 

The fourth chapter wants to show the performance of different IMU mass-

market platforms present in mobile devices, considering different positioning 

modes (static and kinematic) and estimating the noise through classical tests 

available in the literature. This is very interesting especially for indoor positioning 

or outdoor applications, where the quality of GNSS signals is not good or available, 

due to interference, spoofing, signal blockage. 
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The next chapter shows an interesting application of smartphone-based systems 

for driving evaluation: the authors consider an integrated framework for different 

Intelligent Transportation System purposes. This is interesting because autonomous 

driving is becoming a reality and it is no longer a futuristic dream. Thus, 

smartphones and mobile devices could be all we need to operate our car and 

probably future smartphone app would substitute key fobs. 

Particularly interesting is the 3D reconstruction of the environment, not only 

for driving purposes: the sixth chapter deals with the state-of-the-art in the use of 

smartphones for 3D models reconstruction and close range photogrammetry, 

focusing the attention on camera sensors and the calibration procedures, that are 

mandatory steps of an accurate final solution. 

The last chapter is an innovative contribution related to the Network Centric 

Therapy, an example of the Internet of Things for the domain of healthcare and 

biomedical engineering. This is one of the newest and most important applications 

where smartphones and mobile devices can be used and considered: this work takes 

up what is described in chapter 4 and it extends the utility of wearable and wireless 

systems comprised of inertial sensors, such as the accelerometer and gyroscope. 

 

With these selected contributions, this work wants to highlight the recent 

innovations and applications related to smartphone technology, and it can provide 

some interesting insights for future research activities.  

Then, this book is meant for academic researchers, engineers and for others 

who want to find out more about smartphone emerging technologies and future 

applications. 

 

 

 

REFERENCES 
 

[1] Oxford Dictionary 

https://en.oxforddictionaries.com/definition/smartphone  

[2] Hernández, Diana Bueno, Jean Louis Marty, and Roberto Muñoz 

Guerrero. “Smartphone as a Portable Detector, Analytical Device, or 

Instrument Interface.” In Smartphones from an Applied Research 

Perspective. InTech, 2017. 

[3] https://www.zenithmedia.com/smartphone-penetration-reach-66-2018/  

[4] Jia, Ming Yan, Qiong Shui Wu, Hui Li, Yu Zhang, Ya Feng Guan, and 

Liang Feng. “The Calibration of Cellphone Camera-Based Colorimetric 

https://en.oxforddictionaries.com/definition/smartphone
https://www.zenithmedia.com/smartphone-penetration-reach-66-2018/


The use of smartphone in the 21st century 5 

Sensor Array and Its Application in the Determination of Glucose in 

Urine.” Biosensors and Bioelectronics, 2015. 

doi:10.1016/j.bios.2015.07.072. 

[5] Lee, Seoho, Vlad Oncescu, Matt Mancuso, Saurabh Mehta, and David 

Erickson. “A Smartphone Platform for the Quantification of Vitamin D 

Levels.” Lab on a Chip, 2014. doi:10.1039/c3lc51375k. 

[6] Aliev, T. A., N. E. Rzayeva, and U. E. Sattarova. “Robust Correlation 

Technology for Online Monitoring of Changes in the State of the Heart by 

Means of Laptops and Smartphones.” Biomedical Signal Processing and 

Control, 2017. doi:10.1016/j.bspc.2016.06.015. 

[7] Capecci, Marianna, Lucia Pepa, Federica Verdini, and Maria Gabriella 

Ceravolo. “A Smartphone-Based Architecture to Detect and Quantify 

Freezing of Gait in Parkinson’s Disease.” Gait and Posture, 2016. 

doi:10.1016/j.gaitpost.2016.08.018. 

[8] Chun, Hyeong Jin, Yoo Min Park, Yong Duk Han, Yo Han Jang, and Hyun 

C. Yoon. “Paper-Based Glucose Biosensing System Utilizing a 

Smartphone as a Signal Reader.” Biochip Journal, 2014. 

doi:10.1007/s13206-014-8308-7. 

[9] Thom, Nicole K., Gregory G. Lewis, Kimy Yeung, and Scott T. Phillips. 

“Quantitative Fluorescence Assays Using a Self-Powered Paper-Based 

Microfluidic Device and a Camera-Equipped Cellular Phone.” RSC 

Advances, 2014. doi:10.1039/c3ra44717k. 

[10] Peck, Jessica L., Marietta Stanton, and George E.S. Reynolds. 

“Smartphone Preventive Health Care: Parental Use of an Immunization 

Reminder System.” Journal of Pediatric Health Care, 2014. 

doi:10.1016/j.pedhc.2012.09.005. 

[11] Tripathi, R P, Ankita Tiwari, G R Mishra, and Dinesh Bhatia. “Design and 

Implementation of a Wearable Real-Time ECG Monitoring System Based 

on Smartphone.” In Engineering Vibration, Communication and 

Information Processing, 495–503. Springer, 2019. 

[12] Rosser, Benjamin A, and Christopher Eccleston. “Smartphone 

Applications for Pain Management.” Journal of Telemedicine and 

Telecare 17, no. 6 (2011): 308–12. 



Paolo Dabove 6 

[13] Hosseinpour, Soleiman, Ali Hakimi Ilkhchi, and Mortaza Aghbashlo. “An 

Intelligent Machine Vision-Based Smartphone App for Beef Quality 

Evaluation.” Journal of Food Engineering 248 (2019): 9–22. 

[14] Alavi, Amir H, and William G Buttlar. “An Overview of Smartphone 

Technology for Citizen-Centered, Real-Time and Scalable Civil 

Infrastructure Monitoring.” Future Generation Computer Systems 93 

(2019): 651–72. 

[15] Sicard, Clémence, Chad Glen, Brandon Aubie, Dan Wallace, Sana 

Jahanshahi-Anbuhi, Kevin Pennings, Glen T Daigger, Robert Pelton, John 

D Brennan, and Carlos D M Filipe. “Tools for Water Quality Monitoring 

and Mapping Using Paper-Based Sensors and Cell Phones.” Water 

Research 70 (2015): 360–69. 

[16] Hussain, Iftak, Munmun Das, Kamal Uddin Ahamad, and Pabitra Nath. 

“Water Salinity Detection Using a Smartphone.” Sensors and Actuators B: 

Chemical 239 (2017): 1042–50. 

[17] Salles, M O, G N Meloni, W R De Araujo, and TRLC Paixão. “Explosive 

Colorimetric Discrimination Using a Smartphone, Paper Device and 

Chemometrical Approach.” Analytical Methods 6, no. 7 (2014): 2047–52. 

[18] Andrade, Stéfani Iury E, Marcelo B Lima, Inakã S Barreto, Wellington S 

Lyra, Luciano F Almeida, Mário C U Araújo, and Edvan C Silva. “A 

Digital Image-Based Flow-Batch Analyzer for Determining Al (III) and Cr 

(VI) in Water.” Microchemical Journal 109 (2013): 106–11. 

[19] Dabove, Paolo, and Vincenzo Di Pietra. “Towards High Accuracy GNSS 

Real-Time Positioning with Smartphones.” Advances in Space Research 

63, no. 1 (2019): 94–102. 

[20] Gikas, Vassilis, Guenther Retscher, and Allison Kealy. “Collaborative 

Positioning for Urban Intelligent Transportation Systems (ITS) and 

Personal Mobility (PM): Challenges and Perspectives.” In Mobility 

Patterns, Big Data and Transport Analytics, 381–414. Elsevier, 2019. 

[21] Dabove, Paolo, and Ambrogio M. Manzino. “Accurate real-time GNSS 

positioning assisted by tablets: an innovative method for positioning and 

mapping.” GEAM-Geoingegneria Ambientale E Mineraria - 

Geoengineering Environment And Mining 148 (2016): 17-22. 

[22] Chon, John, and Hojung Cha. “Lifemap: A Smartphone-Based Context 

Provider for Location-Based Services.” IEEE Pervasive Computing 10, no. 

2 (2011): 58–67. 



The use of smartphone in the 21st century 7 

[23] Yovcheva, Zornitza, Dimitrios Buhalis, and Christos Gatzidis. 

“Smartphone Augmented Reality Applications for Tourism.” E-Review of 

Tourism Research (Ertr) 10, no. 2 (2012): 63–66. 

[24] Ko, Sang Min, Won Suk Chang, and Yong Gu Ji. “Usability Principles for 

Augmented Reality Applications in a Smartphone Environment.” 

International Journal of Human-Computer Interaction 29, no. 8 (2013): 

501–15. 

[25] Dabove, Paolo, Vincenzo Di Pietra, and Andrea Maria Lingua. “Close 

Range Photogrammetry with Tablet Technology in Post-Earthquake 

Scenario: Sant’Agostino Church in Amatrice.” GeoInformatica, 2018. 

doi:10.1007/s10707-018-0316-7. 

[26] Sundqvist, J, J Ekskog, B J Dil, F Gustafsson, J Tordenlid, and M 

Petterstedt. “Feasibility Study on Smartphone Localization Using Mobile 

Anchors in Search and Rescue Operations.” In 2016 19th International 

Conference on Information Fusion (FUSION), 1448–53, 2016. 


