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ABSTRACT Vehicular lifelogging provides us with the opportunity to digitally record life associated
with our journeys on the road. Driving on the road is an integral part of life, and it should be given
unparalleled attention to log life bits on the road for many purposes, including safety, entertainment, memory
augmentation, and analyzing driving behaviors. Various technologies have been used to assist people in
capturing live events such as wearable devices, biometric devices, fitness devices, non-visual wearable,
and unwearable devices. These devices have played a vital role in capturing the life events of individuals.
However, little attention has been given to capturing and recording events related to a person’s life on the road.
By using a vehicle’s integrated sensors along with other auxiliary devices, a vehicle can very conveniently
capture personal as well as vehicle-related data of the driver. This research aims to propose a framework,
termed as AutoLog, which is implemented in the Android platform and can be installed on any android-based
smartphones/tablets or a vehicle’s infotainment system. AutoLog is capable of logging the driver activities
and vehicle dynamics along with several varying environmental contexts. The proposed solution is evaluated
through an empirical study by collecting data from 63 drivers. Different tests, i.e., descriptive tabulation,
Cronbach alpha, Kendall’s tau-b, and Principal Component Factor Analysis (PCFA) have been carried out
to analyze the data. These tests are significant, and the findings show that the use of AutoLog application
has a positive perception in terms of attitude, ease of use, user satisfaction, and intention to use. Besides,
the findings also prove that the proposed solution helped the drivers in improving risky driving behavior.

INDEX TERMS Vehicular lifelogging, driver behavior, human-computer interaction, memory
augmentation.

I. INTRODUCTION
The term Lifelogging refers to the use of computer tech-
nologies to capture and store information about a person’s
daily life experiences in multimedia format for different use-
cases [1]. However, the primary goal of lifelogging has been
to develop automatic systems to assist human biological
memory, especially people with episodic memory impair-
ments. The advancements in capturing, processing, storing,
and networking technologies have enabled the development
of lifelogging systems to record unobtrusively and passively
both lifelog and contextual information without requiring
explicit user’s efforts and interventions. The lifelogging can
be either total capture or selective capture [2]. Total capture
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lifelogging is the indiscriminate capturing of the totality of
life experiences from various sources without having any
understanding of use-cases or insights at the outset of lifelog-
ging. Selective capture lifelogging is a domain-focused effort
of logging experiences, information about specific aspects,
or desired situations of a person with a clear prior understand-
ing of the goals. Technically, lifelogging can be considered as
a sub-category of Personal Information Management (PIM).
Nevertheless, scope, use of ubiquitous and pervasive tech-
nologies, and passive and automatic capturing of the required
lifelog data makes lifelogging different from PIM [5].

The lifelogging systems can meet the challenges of
enhancing peoples’ performances by providing complimen-
tary digital assistance to human memory [3]. Various ded-
icated lifelogging devices are developed and evaluated by
researchers from different aspects. These include wearable
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and non-wearable, type and number of sensors used to
capture content and contextual information, processing and
storage of captured information, and querying and visual-
ization of the information. The list of dedicated lifelogging
devices comprises wearable devices, non-wearable devices,
biometrics devices, fitness devices, and non-visual wear-
able devices. The wearable lifelogging devices are camera-
enabled devices, such as SenseCam, OMG Autographer,
head-mounted camera, and Go-Pro, etc., which passively
capture images of what comes in front of a lifelogger and
can be used for memory assistance, healthcare analytics, and
lifestyle detection and analysis [4]. The biometric devices
sense a lifelogger’s body condition and collect information
about skin temperature, galvanic skin response, and physio-
logical responses such as heart rate and sympathetic nervous
activity. The fitness devices monitor and capture information
about a lifelogger’s living habits and styles, energy expen-
diture. The unwearable devices capture information about
online interactions, mouse movements, images posts, emails,
browser history, etc [5]. Besides these devices, the smart-
phone is proved as a de-facto lifelogging device due to
its technological advancements over the dedicated wearable
lifelogging systems [1], [6], [7]. Advanced sensing and com-
puting capabilities make the smartphone an ideal platform
for lifelogging [8]. The smartphones-based lifelogging sys-
tems exploit the rich sensing capabilities of a smartphone to
capture and store content and contextual information to effec-
tively depict a person’s daily life activities and events such as
places to go, tasks to perform, who to interact with, and what
information is consumed, etc. [9]. In short, the lifelogging
technologies and tools can effectively capture and store infor-
mation about a person automatically and persistently and pro-
duce personal lifelog archives with varying amount of details
including email, documents, photographs, videos, diaries,
geodata, music, listening habits, blog entries, navigation
history, and web browser bookmarks. The lifelog archives
can have potential applications in commerce, government,
marketing, social networking, security, and travel [10].

Though researchers have focused on capturing a person’s
life events with almost every moment, however, little atten-
tion has been given to capture information about a person’s
life on the road. It is essential to record life events of individu-
als while driving as they are spending a substantial amount of
their time in vehicles for journeys and trips. Capturing vehicu-
lar lifelog data can provide valuable insights to the life loggers
(e.g., in reviewing their past experiences), vehicle owners
and drivers (e.g., to identify risky driving behavior), vehicle
buyers (e.g., to find out the status of the vehicle including
the age of its parts, usage patterns, accidents, etc.), law
enforcement agencies for investigation purposes, and friends
and family for memory augmentation and contextual recom-
mendations. The latest technological advancements and the
integration of sensors can turn vehicles into mobile sensing
and computing devices, which could be used for vehicular-
lifelogging to log data about environments, contexts, drivers
and passengers’ activities, etc. [11]. The vehicle lifelog

archives could have potential applications and advantages for
different stakeholders.

This research paper proposes AutoLog, a vehicular lifel-
ogging framework that addresses common lifelogging chal-
lenges. The proposed framework is adaptive, configurable,
flexible, and extendible, where the users have the option
to manage and configure activities of their interest before
logging. The proposed framework, called ‘‘AutoLog,’’ can be
installed on any Android supported smartphone and vehicle
infotainment system and aims to log data about the drivers’
activities, vehicle dynamics, and environmental factors, with
varying context. AutoLog makes effective use of smartphone
and vehicular sensing technologies to capture and identify
different driving activities (i.e. cellular communication and
other distracting activities), vehicle dynamics (i.e. the speed
at a particular time, braking, steering control, engine RPM,
etc.), environmental factors (i.e. weather, light, location,
noise, etc.), and entertainment such as listening to music and
controlling the media player.

The rest of the paper is organized as follows. RelatedWork
is discussed in section II. Section III presents AutoLog design
considerations. Data modeling and AutoLog architecture
are discussed in section IV and V, respectively. Methods are
discussed in section VI, while Results and Discussion are
presented in section VII. Finally, this work is concluded in
section VIII.

II. RELATED WORK
Various research works have been commenced to assist peo-
ple for remembering their past events and can be classified
into wearable devices, biometrics devices, fitness devices,
non-visual wearable devices, and non-wearable devices [5].

Lifelogging literature shows that researchers have pre-
sented different lifelogging systems to assist people in
remembering their past events and associating them with the
current context. For instance, MyLifeBits is a lifelogging
tool designed to make annotation of life events easy and
fun. It includes text annotation, audio annotation, full-text
search, and web browser integration [12], [13]. Similarly,
Ubiqlog is a lifelog framework that uses a mobile phone as
a lifelogging device to capture and record users’ daily life
events and provide memory augmentation [7].

The ubiquitous lifelogging systems use embedded sensor
technologies (i.e., GPS, microphone, camera, etc.) to auto-
matically sense and record a user’s personal experiences [14].
The smartphone is the highly ubiquitous computing device,
which combines the features of mobile phones and personal
digital assistances (PDAs) [15]. The smartphone integrates
a rich set of sensors, computing and processing technolo-
gies, and networking technologies, which can be used as
a lifelogging device [16]. The benefit of smartphone-based
lifelogging is that everyone can carry a smartphone with
their selves anywhere. On the other hand, it is very difficult
to convince people to carry something other than a smart-
phone for lifelogging (.e.g., wearable devices [7]). A detailed
discussion of smartphone-based lifelogging can be found
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in [1], [7]. The integration of sensors and latest technologies
of contextual rich interfaces and interactions in vehicles have
turned vehicles into mobile sensing and computing devices.
The strong attachments with vehicles have enabled for the
vehicular-lifelogging for several reasons including memory
augmentation. Yim and Kim [17] designed a lifelog-based
bus information web application which can store the location
of the bus where the passenger can easily search the bus.
McVeigh-Schultz et al. [18] presented vehicular lifelogging
system for a MINI countryman, which uses the internal vehi-
cle sensors to alert drivers about ongoing vehicle discoveries,
social context, driving environment for the entire life cycle of
their vehicles. The memories and sensors specific notifica-
tion can be displayed on a MINI infotainment system which
contains location data, annotated lifelog events and sensors
data when a particular location is revisited. In addition,
they have developed an iPad based lifelog interface, which
assists the users to review the vehicle lifelog events. However,
the system is not logging driver specific data (.i.e., phone
record, social interaction, driving behavior, etc.) nor provid-
ing real-time assistant for vehicle checking and monitoring.

There are varieties of Android applications available in the
app market, which captures and visualizes information about
vehicle and driving environments [19]. These applications
are mostly getting data from OBD device connected with
vehicles using Bluetooth technology. One of the most famous
applications is the Torque Pro app, which assisting drivers
to alert them about their vehicles. The application identifies
the problems using OBD color codes and gives informa-
tion (.e.g., vehicle’s performance, temperature, etc.) to the
drivers [20]. Another app-based solution called OBDLink is
available in the android app market, which facilitates drivers
to check trouble codes and diagnose emission and fuel con-
sumption [20]. The OBD eZWay application assists drivers to
check fuel statistics, trip statistics, average speed, maximum
speed and driving time, etc. The application also shows a
safety factor, which can be expressed in points starting from
0 to 100 [20]. The FueLog is an android application, which
provides information about fuel consumption, mileage, cost
of vehicle and services, etc. The application also calculated
statistics like fuel mileage and maintenance expenses [21].
The Car Locator is an android-based application, which pro-
vides information about vehicle parking location, which a
driver can easily visualize on his/her smartphone. A radar
type view can be seen on a smartphone by highlighting the
red dot on the map. The application also features like parking
timer, ability to store photo and notes, the option to send your
current location to another person via email or phone [21].
The SpeedView application uses smartphone built-in GPS
sensors and displays information while driving. It provided
information regarding vehicle maximum, and average speed,
vehicle direction, the total distance travelled, and the remain-
ing time to reach destination [21]. The aCar application is
a vehicle management system that assists drivers and vehi-
cle owners by tracking all the important information about
vehicle current condition. The information includes fill-ups,

gas mileage, maintenance, and trip details [21]. The Car
Dashboard provides information about vehicle speed, present
vehicle situation, vehicle direction, vehicle current tempera-
ture, and vehicle current location [21]. The Beat the Traffic
application assists drivers and vehicle owners by providing
accurate traffic map available to date while navigating
through busy cities. The drivers could access real-time infor-
mation including average speed, incident on road, road con-
struction, etc. in a locality [22].

III. AUTOLOG DESIGN CONSIDERATIONS
Vehicles by nature are not designed to host and accommodate
a huge amount of computation. There are some constraints
and limitations, such as resources, interaction, interfaces, etc.
in comparison with other computing platforms. The tools
used for lifelogging are very privacy-sensitive, which requires
proper attention to develop reliable and secure systems. Thus,
it is indispensable to examine some design considerations
before the implementation of a lifelog application, which
will provide grounds for the development of the AutoLog
framework.

A. PRIVACY AND SECURITY
Privacy and security are the key concerns for any nature of
lifelogging systems [1], [23]. The risks of security and pri-
vacy violations could be increased by capturing and sharing
excessive personal information in a personal lifelog archive.
The vehicular lifelogging could also lead to several privacy
and security issues, which need to be resolved for effective
logging of information about vehicles and personal experi-
ences. The vehicular lifelogging systems are needed to find
answers for the common lifelogging questions such as where
to store the lifelog data?; who owns the stored lifelog data?;
what could be the lifetime of store data?; who will have to
access the lifelog data?; etc. [24]. To tailor with privacy and
security concerns, it is needed to define the capturing and
recording of fine-grained vehicular lifelogging events and
effective methodologies of sharing and visualization.

B. DATA ANONYMIZATION
The important challenge in vehicular lifelogging is what
to capture and what not to capture to define clear bound-
aries for data anonymization [3]. The vehicular lifelogging
systems should automatically anonymize lifelog information
before recording into a vehicular lifelog archive to conceal
the people described by the captured data. However, the
automatic data anonymization at capture time could be
resource-intensive and requires the development of fine-
grained methods. Therefore, the vehicular lifelogging system
needs to be designed, allowing lifelogger to have control to
manually anonymized capture lifelog data before capturing
and should be reversible [25].

C. STORAGE
The fundamental stage of any lifelogging devices is to
gather the data in a non-intrusive manner [6], [26].
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Lifelogging systems are famous due to the availability of
data storages on both local devices and cloud. However,
the storage capacity available in the state-of-the-art vehicles
is not much enough as compared to personal devices.
Vehicular lifelogging systems requires a significant amount
of storage capacity to store data such as vehicular sensory
data, and video data. [7]. Reading the data from the sensors
and other auxiliary devices increases the memory size. For
example, a sixteen hours HD video requires approximately
90GB of storage capacity, which is 32TB for one year [27].
Hence, vehicular systems should be optimized to store data
intelligently by adjusting device readings.

D. PROCESSING
Bell pointed out in his paper that the future of lifelogging will
probably bring us massive storage in less amount of time with
limited cost [28]. The capturing devices will never disrupt
capturing as the battery power is continuously improving its
performance [27]. Similarly, the devices are attached with
the dedicated infrastructure, where complex algorithms are
running for information retrieval [29]. Vehicular lifelogging
systems need to process a huge amount of data for real-time
assistance. In order to overcome the processing and storage
issues, the vehicular lifelogging system needs to store the
events rather than raw data. The vehicular lifelogging system
must be intelligent enough to preprocess and filter out the
events before storing them into a storage device.

E. SEARCHING AND RETRIEVAL
A lifelog would contain information representing the experi-
ences of both the users and the vehicle for a lifetime. It is not
uncommon that a year would be required to review the lifelog
information stored in a year. The available solutions, i.e. clus-
ter, indexes, and visualizes lifelog information are using their
custom-developed methodologies, especially location, and
time information. However, the major challenge is the useful
indexing of a large lifelogs for enabling users to retrieve a
lifelog segment of their interests. Information retrieval meth-
ods have been successfully used for solving semanticmemory
problems [27]. Therefore, leveraging ideas and experiences
from the information retrieval domain in combination with
Semantic web indexing and querying technologies can be
helpful in fine-grained indexing and retrieval of information
from a large lifelog.

F. VEHICLE LIFE CYCLE
All the vehicles are passed through different distinct stages,
including the manufacturing stage, operation stage, and
end-of-life stages [30]. The research carried out by Polk
in 2013 reveals that the average age of a vehicle is about
11.4 years on the road. Based on statistics compiled byGlobal
Market Intelligence Firm R.L Polk & Polk & Co, the average
time for changing new vehicles is about 71.4 months means
almost six years whereas, for used vehicles, this interval is
about 49.9months [31]. The change of vehicle ownership will
lead to challenges in support of vehicular lifelogging systems.

Vehicular lifelogging systems aims to record every aspect of
life on the road, including personal information, vehicle infor-
mation, accidents information, journeys, and environmental
information. Nevertheless, it would be arduous for the vehicle
owners to shift such kinds of information from one vehicle to
another if they want to change their vehicle. There should be a
facility in vehicular lifelogging systems to obliterate the data
from the old vehicle and consolidate it into the new one.

G. LEGAL
The empowerment of individual is the fundamental issue
of vehicular lifelogging systems. [32]. The personal lifelogs
dataset should be the property of a person who creates them.
TheVehicular lifelogging system should be designed in a way
that no one records the personal information of an individual
without his/her proper permission. The vehicular lifelogging
systems need to be customized as it should block lifelog
surveillance when an individual is not agreed to log his/her
personal information. Furthermore, to provide full control
over lifelog data, the owner of lifelogging should be able to
delete or add the data [33].

IV. DATA MODELING
AutoLog stores data about each event associated with vehicle
life as a data entity. Data modeling is essential for finding
patterns in the data stream coming from the list of sensors
that best describes the main property of data. For instance,
a lifelog dataset is composed of a collection of infinite life
events the occurred in a vehicle lifetime. The technologies
available in the vehicles enable to capture vehicle informa-
tion (.i.e., location, speed, temperature, etc.), driver activi-
ties information, and environmental/contextual information.
Thus, results in a huge lifelog dataset posing threats to the
organization, processing, and retrieval. Therefore, a vehicle
lifelog dataset is composed of three interconnected sub-
datasets: vehicle lifelog dataset, environmental/contextual
lifelog dataset, and driver lifelog dataset. The information
in the datasets will be stored concerning the driver lifelog
dataset.

A. DRIVER LIFELOG DATASET
The driver behavior has been characterized as one of the main
reasons for road accidents, mainly due to human errors [34].
To adequately characterize driver behavior and performance,
it is vital to log driver activities employing vehicle and smart-
phone sensors [35], [36]. For instance, the Driver Detection
System (DDS) uses smartphone sensors, such as, accelerome-
ter, gyroscope, and microphone, to capture information about
driver’s movements and smartphone usagewhile driving [35].
The information about an ith driver lifelog event could be
described by the following structure:

D(i) : {DID,Sv,Sr,Ss,Sf ,Sc,Dc,T,Rc}

where D(i) represents a particular ith driver lifelog event,
DID represents identification of the driver lifelog event, Sv
represents information about SMS viewing, Sr represents
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information about SMS replay, Ss represents information
about SMS search, Sf represents information about SMS
forward, Sc represents information about searching a contact,
Rc represents information about receiving calls,Dc represents
information about dialing a call, and Ti represents timing
information of a particular event.

B. VEHICLE LIFELOG DATASET
The vehicle lifelogs dataset will record information about
vehicle dynamics (i.e., speed, braking status, accelerator,
steering wheel) using vehicle and smartphone sensors. The
logged information will enable to investigate a driver’s driv-
ing behavior. The information about an ith vehicle lifelogs
event in relation to ith driver lifelog event could be described
by the following structure:

V(i) : {VID,S,T,R,P,CT,T,DIDi}

where V(i) represents a particular ith vehicle lifelog event,
VID represents identification of the vehicle lifelog event,
S represents information about speed of a vehicle, T repre-
sents information about vehicle throttle, R represents infor-
mation about vehicle RPM, P represents information about
the pressure of vehicle tires, and CT represents information
about catalyst temperature, T represent timing information,
and DIDi represents the related ith diver lifelog event. The
logged data will provide benefits to the drivers while review-
ing their driving patterns. For instance, it will be helpful for
drivers to investigate the effect of distracting activities on
vehicle dynamics.

C. ENVIRONMENTAL LIFELOG DATASET
Logging ‘‘life on the road’’ will provide benefits to the drivers
and passengers to recall events related to their journeys such
as location, traffic information, weather, noise, music, and
direction of the vehicle. AutoLog aims to help support mem-
ory for past events. This logged data will act as a timeline
where people will review past events related to their journeys.
The information about an ith environmental lifelog event
correlated to the ith driver lifelog event could be described
by the following structure:

E(i) : {EID,T,W,R,L,M,Tf,D,Tt,DIDi}

where E(i) represents a particular environmental lifelog
event, EID is the identification of the environmental
lifelog event,T represents the environmental temperature,
W represents the weather status, R represents the road status,
L represents the location of the vehicle, M represents music
information at the specific time, Tf represents traffic condi-
tion, D represents the direction of the vehicle, Tt represents
the timing information of the event, and DIDi represents the
related ith driver lifelog event

V. AutoLog FRAMEWORK
AutoLog [37] has been developed in our lab, which is a
novel platform and implemented in several projects including

analyzing the risky driving behavior, investigating issues in
the existing touch interfaces used by the drivers. TheAutoLog
platform, as depicted in Figure 1, consists of three main
layers, which uses the concept of curating, processing, and
insight the data.

FIGURE 1. AutoLog framework.

A. DATA CURATION LAYER (DCL)
The main objective of the DCL is obtaining, curating, and
persevering the data collected from various data sources so
that it can further be processed for higher layers. The DCL
is divided into sub-modules, such as Sensing and Data Pro-
cessing. Sensing module uses the vehicular and smartphone
sensors along with online data sources to capture the data
while processing module is used to process the data.

1) SENSING
The fundamental module in the DCL is sensing the data.
The sensing module is composed of sensors and other online
sources. Sensors are responsible for sensing the environment,
driver and vehicle data in raw format. A sensor can be an
application, or it may be separate hardware which can reside
physically outside. The AutoLog aims to log driver activi-
ties, vehicle dynamics along with environmental context. The
driver activities have been identified programmatically using
API’s and other online sources. Table 1 shows the drivers
activities, API’s and their descriptions.

Similarly, the vehicle dynamics can be identified through
a smartphone, external and vehicular sensors. The vehicular
data could be obtained from the Controller Area Network
through Onboard Diagnostic (OBD-II) port [37]. The OBD-II
ports are available in all vehicles since 1996 that extract
information from the vehicle including engine RPM, throttle
position, fuel level, fuel ratio, oil temperature, pedal position,
catalyst temperature, km/liter, and speed. The vehicle sensors
and their description are depicted in Table 2.

Environmental data could be captured using smartphone
sensors and online sources. For example, weather information
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TABLE 1. Recognizing the driver’s smartphone activities.

TABLE 2. Vehicle internal and external sensors and their descriptions.

could be captured using an online weather API. In AutoLog
we have used the OpenWeatherMap1 API for obtaining the
real-time weather updates. Road condition (i.e. rough road
and smooth road) has been identified using accelerometer and
gyroscope sensors. Environmental sensors and their descrip-
tion are depicted in Table 3.

2) PREPROCESSING
To fulfil the objective of the secondmodule of DCL, it mainly
relies on data preprocessing module. The raw sensors data
should be preprocessed in a format that is efficient to collect
all the sensors readings in one dataset. The Data Prepro-
cessing Module is responsible for preprocessing the sensory
data before storing it into the database. Sometimes sensors
produce inaccurate data due to noise, power failure, and
device failure. To minimize inaccurate readings, low-pass

1https://openweathermap.org/api

TABLE 3. Sensors/Applications/Online sources used to identify the
environmental parameters.

filters have been used in order to convert it into a form where
events can easily be recognized.

B. CONTEXT FRAMEWORK LAYER (CFL)
CFL is the core layer of AutoLog, which is responsible for
processing and storing the contextual information received
from DCL. This layer is composed of two main modules,
such as context extractor and context processing. Context
extractor is responsible for extracting context either low-level
or high-level context. The low-level context can easily be
recognized without passing through a complex process. The
context, for example, location, speed of the vehicle, weather
status, can be known as low-level context. However, the con-
text, for example, stay location, traffic status, road condition,
can be known as a high-level context. For example, the
traffic status can be calculated using sensors fusion (i.e.
data obtained from GPS sensors, accelerometer sensors).
However, without continuously monitoring these situations,
it is difficult to quickly infer whether the road is congested
or not. If not implemented carefully, the cost of continuous
sensing the context will lead to high resource usage and
will need more processing. To overcome this issue, different
inferencing rules have been used to infer the context based
on available sensors data. Table 4 shows a few rules learned
automatically based on available data.

The context processing component is responsible for sens-
ing, processing and storing information extracted from con-
text extractor. Context processing component uses semantic
reasoning capabilities based on information modelling and
ontological modelling. Reasoner engine is responsible for
producing higher-level contextual information by applying
rules defined by the user on some set of context data.

C. USER INTERFACE LAYER
The purpose of User Interface Layer is to enrich the over-
all functionalities of AutoLog through descriptive analytics,
implicit recommendations, real-time assistance and compre-
hensive security and privacy mechanisms. The data obtained
from lower layers is very much complex and unstructured and
is difficult to understand. Descriptive analytics and visualiza-
tion modules are responsible for converting the data in such
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TABLE 4. Inferred rules based on existing the existing knowledge.

format that human can comprehend easily. The data can be
shown in term of analytics and graphs, which will enhance
decision making and knowledge discovery.

VI. METHODS
The following sub-section is about the overall procedure
adopted for results and analysis of the proposed AutoLog
framework.

A. PARTICIPANTS RECRUITMENT
A total of 63 respondents have participated in this study.
Among them 30.15% (n = 19) female and 69.85% (n = 44)
were male subjects. The participants were filtered with the
condition having a valid driving license and more than three
years of driving experience at least. Ages range from 22 to
56 years. The participants were categorized into four different
age groups: 22-35 years (n = 27), 36-45 years (n = 21), and
46-56 years (n = 15). The purpose of travel was modelled as
business mostly, employee (workplace) mostly, and shopping
mostly. The participants purpose of travel: business mostly
(n = 20), employee (workplace) mostly (n = 35), and shop-
ping mostly (n = 08).

The reason of small experimental sample size(63) is that
we have received almost 200 responses but filtered (dropped)
some due to not fulfilling our required criteria. Secondly,
the analysis technique applied in this study does not require
a specific number of sample size; and as the collected
sampled data showed to be consistent and reliable (using
Cronbach alpha test), therefore, we have carried further
analysis. Thirdly, as the driving behavior in the study area
were found to be very similar (based on collected responses),
and the results were found conclusive.

B. PROCEDURE AND INSTRUMENTS
The AutoLog implementation aims to demonstrate and
evaluate the feasibility of the proposed framework. AutoLog
application has been tested on different smartphones of
Samsung and LG brands. Figure 2 shows the main Graphical
User Interface (GUI) of the AutoLog application, which is
followed by a detailed evaluation of the tool on different
participants. TheAutoLog application runs in the background
as a service. However, to ensure privacy in vehicular lifel-
ogging systems, the principles of privacy should be applied.
These principles are openness, the participation of individu-
als, limits of recorded data, data quality, and limits of use.
To sustain privacy, we have implemented these guidelines
in the proposed AutoLog application, where a lifelogger has
access to enable or disable capturing information about their
specific activities. For example, if a lifelogger doesn’t want
some of his/her activities to be logged then he/shemay simply
disable the option from settings. Similarly, AutoLog will
automatically anonymize personal information before storing
it on a server.

FIGURE 2. AutoLog main GUI screenshots.

To achieve security, we have implemented a strong authen-
tication system in AutoLog application, where a lifelog-
ger has to register himself in the beginning. He/she must
log into the system before logging the information about
activities. The captured sensitive information (e.g., location,
personal phone data) are stored in the internal storage which
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is more secure as we have set the default file creation mode
to ‘‘MODE-PRIVATE’’ in the AutoLog application. The
non-sensitive data (e.g., vehicle dynamics and environmental
context) is stored and encrypted on the external storage using
‘‘Javax.crypto’’ package.

The AutoLog application has been used by the 63 respon-
dents for a period of three months and has been evaluated
through empirical study. We have instructed the participants
that AutoLog application will be running in the background
to record the driver’s smartphone activities, vehicle dynam-
ics, and environmental data. Since the AutoLog needs to be
constantly running in the background on the respondent’s
smartphones while they are driving, it is important to eval-
uate the power efficiency and storage capacity. The AutoLog
is evaluated through the already established parameter and
metrics suggested by Human-Computer Interaction (HCI)
including attitude, intention to use, ease of use, perceived
usefulness, system usability scale, etc. The proposed solution
is further evaluated that howmuch it is successful in augment-
ing memory and improved driving behavior.

C. DATA ANALYSIS
In this study, we have carried out different tests and analyzed
the statistical data using STATA and Excel to investigate the
effectiveness of AutoLog application. In our case, we have
used descriptive tabulation reporting frequencies and percent-
ages of the categories of the variable. Cronbach alpha mea-
sures have been calculated to check data reliability (internal
consistency) of the measurement items. All the measurement
items (latent variables) are reliable and internally consistent.
Further, Kendall’s tau-b rank correlation matrix has been
calculated to check for multicollinearity, which was found
good. Furthermore, we have reported principal component
factor analysis (PCFA) and found comparatively better than
others.

VII. RESULTS AND DISCUSSION
The following sub-sections are about the overall results
obtained from our analysis and their discussion.

A. RESOURCES USAGE EVALUATION
Lifelogging application performance can be measured using
five factors, including resource usage, usability, throughput,
response time, and reliability [38]. The application evaluation
is important for evaluating the implementation of the frame-
work. Since the AutoLog application is running in the back-
ground which may lead to resource consumption. Therefore,
resources monitoring is a necessary factor before developing
any lifelogging application.

1) STORAGE USAGE EVALUATION
Proper management of sensor is the most important factor in
lifelogging systems, otherwise the system can instigate other
issues such as power, and storage. In our previous research [6]
we have built an android app ‘‘SAVE’’ for measuring the
effects of sensory data storage capacity while performing

daily-life activities in different real-world situations. The col-
lected sensory data of a year gathered and analyzed in Table 5,
which discovered that data volume would increase substan-
tially with the passage of time while recording the life events.
This growth may lead to storage capacity problems.

TABLE 5. Estimated sensors data volume per year [6].

In contrast, a limited amount of storage capacity will be
required to store data related to trips and journeys as the aver-
age driving time per day is only 46 minutes [39]. Moreover,
AutoLog is vigorously adjusting sensor’s reading frequency
and time interval based on vehicle current status and varia-
tions occurring in the location. A dynamic adjustment would
not only minimize the data capacity but also help in lessening
battery power consumption.

2) ENERGY USAGE EVALUATION
Lifelogging applications need extreme use of smartphone
sensors data, which could affect the battery life. The inad-
equate battery power of smartphone fosters big challenges
for smartphone-based lifelogging applications. Therefore,
the sensors are needed to be utilized wisely, else; would result
in battery drain quickly. To better assess the consequence of
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smartphone sensors on battery power, we have developed an
Android app and assessed in our previous research [15] to
effectively record, monitor, and analyse energy consumption
rates of smartphone sensors.

It has been investigated that smartphone sensors, especially
the GPS sensor if running continuously will drain the battery
very quickly. The smartphone sensors power consumption
can be described mathematically as [15]:

Psensor = Ppower × Ttimeunit (1)

Psensor (j) =
n∑
t=1

Psensor (t) (2)

Pdata = (Dsent × Ttimeunit )+(Dreceived×Ttimeunit ) (3)

Pcontrol = (Csent × Ttimeunit )+(Creceived×Ttimeunit ) (4)

Psensor (j) =
n∑
t=1

(Pdata(t)+ Pcontrol(t)) (5)

Equation (1) represents the energy consumed by a sensor
Psensor using the energy consumption information specified
by the sensor manufacturer for a unit of time. In equation (1),
Psensor is equivalent to the nominal power Ppower , and the
time unit Ttimeunit . Equation (2) represents the total power
consumed by a sensor in a scenario while the sensor is
active. In equation (2), Psensor (j) represents the total energy
consumed by a sensor Psensor in a scenario j, that is equivalent
to the summation of power consumed by the sensor Psensor in
scenario time from 1 to n.

Equation (3) represents the power consumed by a network
interface sensor for original data transmission Pdata that is
equivalent to the amount of data sent Dsent and amount of
data received Dreceived in a unit of time Ttimeunit .
Equation (4) represents the power consumed by a network

interface sensor for control data transmission Pcontrol that
is equivalent to the amount of control data sent Csent and
amount of control data received Creceived in a unit of time
Ttimeunit .

Equation (5) represents the amount of power consumed by
a network interface sensor Psensor in a scenario j is equivalent
to the summation of power consumed by original data Pdata
and control data Pcontrol communicated for the duration of the
scenario time from 1 to n.

The energy consumption of each sensor is depicted in
Figure 3.

On the other hand, AutoLog is dynamically adjusting the
sensor readings and uses intelligence if a vehicle stays for
more than 10 seconds than the sensors stop sensing until
vehicle state changed to driving mode.

3) USABILITY EVALUATION
The AutoLog prototype targets the drivers by providing self-
insights about their trips. In order to enable drivers to benefit
over AutoLog framework, an AutoLog dataset, as shown
in Figure 4, has been visualized to augment drivers their trips,
mobile usage and its impact on vehicle speed. As shown
in Figure 4 the AutoLog dataset represents the drivers’ mobile

FIGURE 3. Energy consumption of different sensors [13].

FIGURE 4. AutoLog dataset file represents the driver’s trips, phone usage
while driving and it’s impact on speed.

phone usage with blue bars and speed with brown bars. The
speed variations from high to low have been observed when
drivers are using their mobile phone while driving.

B. EMPIRICAL EVALUATION
A quantitative study was conducted to collect data from
participants for evaluating the AutoLog application. For this
purpose, an online questionnaire was completed by the par-
ticipants about their preferences and usage of AutoLog appli-
cation and their logging behavior. The questionnaire took
approximately 15 minutes to complete, and questions were
designed simple and easy to understand. The questionnaire
items include driver demographics, questions related to atti-
tude towards usage of AutoLog, intension to use, ease of use,
user satisfaction, memory augmentation, and system usability
scale. For simplification, the questions in the questionnaire
were rating-scales whose answers can be selected from a
5-levels Likert-Scale, ranging from ‘‘Definitely’’ to
‘‘Definitely Not’’.

1) DESCRIPTIVE STATISTICS
The responses of the respondents have been compiled in
the following sections and showing descriptive statistics of
frequencies and percentages of the categorical indicators of
all the variables. About 10 latent variables have been used
including an intention to use, attitude, ease-of-use, system
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usability scale, cognitive load, visual engagement, physical
engagement, user satisfaction, augmenting memory, and
improving driving behavior. A variable Intention to Use (IU)
contains 4 measurement items depicted in Figure 5, showing
higher scales, i.e. 4 and 5, which means that respondents
are agreed to recommend the use of AutoLog application to
others and hope to be used in the future. As shown in Figure 6
the Attitude towards the usage of AutoLog application was
positive as most of the respondents selected scales 3, 4 and 5,
which means that use of AutoLog is good, beneficial, and
interesting.

FIGURE 5. Intention to use AutoLog application.

FIGURE 6. Attitude towards AutoLog application.

The respondents’ responses for Ease-of-Use were also
impressive as depicted in Figure 7, which shows averagely
higher scales, i.e. 4 and 5. This means that AutoLog is easy
to use, simple, user-friendly, flexible, and consistent. In term
of System Usability Scale (SUS), the respondents reported
that the AutoLog is not much complex and technically sound
application. As shown in Figure 8, most of the respondents
reported scale of more than 4.

For cognitive overload, the respondents reported that the
use of AutoLog would not increase the cognitive load. Use of
AutoLog will not increase the visual and physical interaction
as most of the respondent selected scale 3 and above.

FIGURE 7. AutoLog ease of use.

FIGURE 8. System usability scale.

The reason is that the AutoLog application running in the
background irrespective of physical and visual involvement.
User Satisfaction about AutoLog was high, as reported by a
maximum number of respondents with a scale higher than 4
(see Figure 9). In term of memory augmentation, respondents
reported that the logged data would recall the memories

FIGURE 9. User satisfaction.
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FIGURE 10. Augmenting memory.

related to our journeys (see Figure 10). Finally, the respon-
dents reported that AutoLog would help us to analyze our
driving behavior. Similarly, as shown in Figure 11,most of the
respondents selected higher scales 3, 4, and 5, it means that
AutoLog helped them to identify their risky driving behavior.

FIGURE 11. Use of AutoLog will improve driving behavior.

2) DATA RELIABILITY AND FACTOR ANALYSIS
The Cronbach alpha test for measurement item’s (factors) has
been conducted to check the reliability or internal consis-
tency, as shown in Table 6. The alpha scores of all the factors
are found reliable as the test scores range from 0.70 and 0.74,
which is considered good [40], [41].

As the Cronbach alpha test has a theoretical relationship
with the factor analysis [42], we have reported principal com-
ponent factor analysis (PCFA), considered asmost commonly
used [43]. The PCFA was found to be more appropriate
compared to FA (Factor Analysis), IPFA (Iterated Principal
Factor Analysis), and ML (Maximum Likelihood) because of
lower uniqueness values showing lower measurement error.
The retained factors in PCFA as shown in Table 7 explains

TABLE 6. Data reliability test (Cronbach alpha).

the contribution of variation by a particular factor in total
variation.

In factors ‘Intention to Use, ITU’ and ‘Attitude, AT’, first
two factors are retained out of four (Eigen value > 1), but all
four factors have Eigen value greater than ‘0’ which can also
be considered important factors. The factors ‘Ease of Use,
EU’ and ‘System Usability Scale, SUS’ have 7 factors each,
and PCFA retained 3 and 4 factors, respectively. But again,
the Eigen values of all factors are greater than ‘0’ in both
factors. The factors ‘Cognitive Load, CL’; ‘Physical Engage-
ment, PE’; and ‘Improving Driving Behavior, IDB’ all have
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TABLE 7. Principle component factor analysis (PCFA).

3 factors each and retained two factors, but all factors have
contributed to total variation as no factor has negative Eigen
values. Similarly, in ‘Visual Engagement, VE’ two factors out
of four are retained, but all factors have contributed to total
variation.

In terms of ‘User Satisfaction, US’, three factors are
retained out of five, but all factors have positive Eigen values.
The ‘Augmented Memory, AM’ has two factors, and both
have positive Eigen values contributing to total variation.

Kendall’s tau-b correlation matrix is presented in Table 8,
and almost all of the factors are independent of each other.

TABLE 8. Kendall tau correlation matrix.

The independence of the factor’s scale (tests) is good showing
variation in scales responses of different factors (measure-
ment items) included in the study.

VIII. CONCLUSION
With the emergence of sensors and latest auxiliary technology
in vehicles and due to contextual rich interfaces and interac-
tion, a vehicle becomes sensing and computing devices and
could be used for vehicular lifelogging. In order to develop a
complete vehicular lifelogging system, we need to capture
and store the drivers, environment and vehicle dynamics
data. It is challenging to deploy highly accurate and reliable
physiology platforms in vehicles as they are heavyweight and
expensive. In this paper, we have designed and developed
an AutoLog application, which is using a smartphone and
vehicular sensing technology to identify the driver activities
and vehicle dynamics with different varying context. The
proposed system aimed to log the events while travelling
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on the road. The log data will be used for many purposes,
including safety, entertainment, memory augmentation, and
analyzing risky driving behavior. Furthermore, the AutoLog
application was evaluated in real-time by 63 respondents. The
approach is evaluated using the different relevant parame-
ters/aspects to show its feasibility and acceptability by the
research community and users. The usability of the proposed
AutoLog application was evaluated using already established
methods, metrics, and usability parameters related to Human
Computer Interaction. These usability parameters are: Inten-
tion to Use, Attitude, Ease-of-Use, System Usability Scale,
Cognitive Load, Visual Engagement, Physical Engagement,
User Satisfaction, Augmenting Memory, and Improving
Driving Behavior. These parameters are built a Technology
Acceptance Model. Technology Acceptance Model deter-
mine about how a user can accept a new technology or
intervention. We have performed different tests including
descriptive tests, factor analysis, and reliability checking. The
purpose of these experiments is to investigate the relationship
between the user experience attributes of AutoLog usage on
the above parameters.
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