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ABSTRACT

Sensors of various types are built into the majority of current smartphones each with a distinct function that aids the
device's performance. Micro-Electro-Mechanical System (MEMS) inertial sensors, such as gyroscopes (gyros) and
accelerometers, are built into smartphones. These embedded inertial sensors have improved user experience and
accelerated smartphone development and it can be used to detect events or collect information about human
activities. Additionally, machine learning algorithms applied to smartphone sensor data could have a wide range of
uses in entertainment, health care, finance and other fields. There have been massive financial gains when a
smartphone is utilized to provide telemedicine and remote healthcare assistance. This paper provides a brief
overview of all the recent work that have been done in the medical care field by utilizing inertial navigation sensors
(gyroscopes and accelerometers) whether the inertial sensors were used together or separately. The goal of this
review is to outline the most recent trends in four topics. First, we'll go over fall detection systems released research
publications. Second, we'll go over the most recent scholarly papers on human activity monitoring systems that have
been published. Third, we’ll review the most recently released research publications on epilepsy detection. Last,
we’ll look over the recently released papers on Parkinson’s disease. This work also includes some important
applications that use external inertial sensors for comparison purposes.

Key Words: Inertial Navigation Sensors, Fall Detection, Epilepsy Detection, Human Activity Recognition,
Parkinson’s disease.

1. INTRODUCTION

Mobile phone is a technological item that primarily supports wireless communications over cellular network [1]. Smartphones are
a more modern innovation than mobile phones, which has been commonly used for decades. In addition to standard functionality
like voice and text communication, they have advanced processing and transmission abilities, including internet connectivity and
geo-positioning systems. Smartphones have larger, higher-resolution display screens than previous mobile phones. Additional
functions include high-quality cameras, on-board personal management software, and recording equipment. in the majority of the
newer generation of smartphones [2]. The majority of modern smartphones include a variety of sensors that can measure a variety
of parameters such as rotation, location, and other environmental factors. Motion sensors (gravity, accelerometer, gyroscope,
linear accelerometer, and rotation vector), environment sensors (humidity, temperature, light and pressure), position sensors
(proximity, geomagnetic field, and orientation), are the three basic categories of sensors (Figure 1 shows the sensors in smart
phones) [3]. It is apparent that mobile communication has enormous potential to alter healthcare and therapeutic approaches in the
community. Numerous prior research have looked at how smartphones can help with healthcare and public health activities,
including data collecting, healthcare teaching, and community clinical practice [2]. An inertial navigation system makes use of the
inertial properties of sensors to perform the navigation function. The most basic sensors for measuring linear accelerations and
angular velocities are accelerometers and gyroscopes, respectively. There are many different types of accelerometers and
gyroscopes available nowadays, with MEMS (Microelectromechanical systems) and NEMS (Nanoelectromechanical systems)
sensors being the most popular. Low cost, compact size, light weight, and easy connection to electronic circuits are all advantages
of these sensors. Currently, inertial navigation system is used in military, agriculture, industrial, commercial, and medical
applications [4]. Some interesting applications that use externally inertial sensors for comparison reasons are also included in this
paper. As a result of this review, it was demonstrated and confirmed that using inertial navigation system in medical care field, a
high-efficiency system for determining precise and quick positioning along with attitude calculation will indeed be achieved.
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Fig. 1. Mobile Phones Sensors [3]

2. Related Work

Now let us restrict our subject of interest to the available sensor technology which has the potential to facilitate many home-
based activities monitoring such as fall detection, epilepsy seizure detection, gait analysis and Parkinson's disease patient
monitoring etc.

2.1 Fall Detection
Humans are vulnerable to falls, which can result in serious injuries and even death in the elderly. Fall accidents are more common

in older adults than in other age groups, and the risk of falling increases with age. Falls also pose a significant risk to riders, skiers,
builders, and many others. Thankfully, technological improvements have resulted in a significant increase in the number of
suggested fall detecting devices and gadgets, some of which are already on the market [5]. The majority of work in the field of fall
detection has used video cameras. However, there was one major issue with the usage of cameras: they only work at a specific
view angle and under specific lighting conditions. Furthermore, if the person moves outside of these parameters, the system will
be unable to accurately record and detect a true fall. There will be a false alarm even if the person travels under normal conditions
(no fall). This is due to the absence of other characteristics connected to falls, such as vital signs [6]. Inertial sensors including
accelerometers, inertial measurement units (IMUs), gyroscopes, and pressure sensors are employed in fall detection devices.
There's also a tendency toward including fall detection systems into smartphones because they're already extremely portable, and
all of the sensing and communication elements are built-in, so no additional device is required [5].

I. N. Figueiredo et al. proposed a novel fall detection algorithm and assess its effectiveness in both gathered data and a publicly
available dataset. The suggested technique is designed to identify a smartphone user's fall (a sudden, uncontrollable drop). It is a
threshold-based algorithm that solely uses data from the smartphone's accelerometer (it doesn’t use other built-in sensors such as
magnetic sensors, gyroscopes or other sensors such as microphone, camera or proximity sensor). These traits are critical since
they aid in the reduction of battery energy usage, it is critical to create fall detection algorithm that is less complicated and thus
uses less processing power in order to extend battery life. The algorithm's sensitivity and specificity were both evaluated at 100
percent and 93 percent, respectively, in the collected data. Furthermore, testing on a public dataset was compared to other
smartphone-based fall detection techniques. demonstrates the proposed algorithm has great potential [7].

Y. W. Hsu et al. presented a fall detection algorithm. The suggested algorithm is divided into two sections: (A) feature extraction
and (B) recognition processing. The raw accelerometer data from smartphones was gathered and submitted to the feature
extraction phase, where the six most essential features were determined. The principal feature, acceleration in gravity vector
direction, worked as a trigger key in the recognition processing, allowing a valid set of six characteristics from the feature
extraction phase to be selected. The Support Vector Machine (SVM) clustered the valid six feature set into the fall phase or non-
fall phase. It was possible to acquire a sensitivity of 96.67 percent and a specificity of 95 percent [8].

Y. Lee et al. the researchers presented a novel real-time position monitoring system for seniors that makes advantage of the
accelerometers in smartphones. When a fall is detected, the suggested system notifies the administrator, and it uses Google's 3D
mapping technology to perform real-time location monitoring when the subject moves. The real-time falling data acquired from
the devices is utilized to address any subsequent critical conditions and to intervene quickly in the event of an emergency.
Because Google's 3D mapping service can provide more precise information on nearby buildings, including their shapes, than
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visual 2D or text-based services, it is possible to intervene quickly on behalf of seniors when such information is available. In
terms of precision and speed, this system performed admirably [9].

G. G. Torres et al. created a portable sensor for ultra-low-power networks connected to a smart home system. The data is gathered
by a 3-axis gyroscope and accelerometer on the wearable sensor, and the sensor data was saved and used to calculate the threshold
values. Each movement is made up of four different forms of data (gyroscope data, accelerometer data, angles inclination on X
and Z planes). EnOcean is a wireless home automation standard that heavily relies on energy harvesting technologies. The device
becomes part of the smart home system designed to provide convenience and observation for the elderly thanks to its integration
with the Home Assistant Platform. The system is able to detecting efficiently 4 different types of falls and four different forms of
Activities of Daily Living (ADL), and after the event of a falling the device will detect and transmit an alarm telegram [10].

J. C. Dogan and M. S. Hossain gathered data from smartphone sensors and used it to provide a brand-new two-step fall detection
algorithm. A fall can occur in a variety of ways. Sitting, jogging, walking or possibly sleeping can cause a person to fall. All falls
have different patterns. To distinguish between falls and non-falls, it's crucial to understand the different sorts of falls. As a result,
this method starts by identifying the right type of fall using multi-class classification. This method generates a binary decision
based on multiclass prediction in the second phase. To test the suggested fall detection approach, data were gathered from ten
users. Each participant did five regular activities, including jogging, standing, sitting, walking and lying, and then fell after each
one. The researchers ran experiments with five typical smartphone sensors which are: gyroscope, magnetometer, accelerometer,
linear acceleration and gravity. They also examined 5 machine learning classifier which are: Decision Tree, Support Vector
Machine, K-Nearest Neighbors, Random Forest, and Naive Bayes. The maximum accuracy of this two-step fall detection system
was 95.65% [11].

F. Hussain et al. a wearable sensor based continuously fall monitoring system able of detecting a fall and identifying falling
patterns as well as the activities related with fall incidence was proposed. For detecting and recognizing falling activity, the
suggested method for fall detection and recognition blends machine learning with traditional signal processing approach. The
suggested method constantly captures sensor data in short and small chunks of 10 seconds by using a non-overlapping window in
the case of real-time fall monitoring. The information gathered is then analyzed in order to make a judgement about the likelihood
of a fall. When a fall is observed, the system uses supervised learning to further evaluate the data in order to identify the falling
behavior. As a result, the suggested system is aware of the activities that lead to a fall and is able to detect and recognize any fall
incidence. Three machine learning algorithms, support vector machine, K-Nearest Neighbors (KNNs), and random forest, were
utilized in a series of tests to investigate the performance of the suggested system. The presented method has the best fall detection
accuracy of 99.80% when using the KNN classifier, and the best falling activity recognition accuracy of 96.82 percent when
utilizing Random Forest. When comparing the accelerometer’s performance of and the gyroscope’s performance in falling
detecting action, it was noticed that the gyroscope outperforms the accelerometer [12].

2.2 Human Activity Monitoring and Recognition

Physical activities are extremely beneficial to people's physical and mental health. Physical inactivity might have a negative
impact on their overall well-being. A suitable health and lifestyle coaching system that detects user behavior in real time and gives
appropriate motivational feedback is required. If implemented effectively, such coaching methods can help governments,
employers, and insurance companies lower total costs associated with people's poor health and bad lifestyles while also improving
people's well-being. People's activities must first be recognized in order to provide appropriate motivational feedback [13]. The
use of cameras to monitor human activity has proven to be quite effective at capturing motion characteristics, but it raises privacy
concerns and limits its application to limited environments. As a result, several researchers have chosen to build inertial sensor-
based human motion monitoring systems because the volunteers in the studies do not feel like they are being watched [14]. In
recent years, smartphones have been intensively explored for recognizing various physical activities. Smartphone are being used
in activity monitoring and recognition because people are already carrying them and because they are coupled with various
sensors, like gyroscopes and accelerometers that can be used to construct well-being coaching applications [13].

C. A. Ronao and S. B. Cho proposed a deep convolutional neural network to achieve an effective and efficient human activity
recognition. Human activity recognition (HAR) infers from actions time-series sensor data, an area that has gotten a considerable
attention in past few years because of its high demand in many application fields. The proposed system used smartphone's
accelerometer and gyroscope by exploiting the inherent properties of 1D time series signals and activities while also providing a
way to extract substantial features from raw data automatically and data-adaptively. Experiments reveal that with each new layer,
convnets derive more meaningful and complicated features. The achieved accuracy with raw sensor data was 94.79% and 95.75%
with extra information from the HAR dataset of temporal Fast Fourier Transform. This great level of precision is particularly due
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in large part to the relatively close classification of moving activities. Particularly similar behaviors, such as stepping down the
stairs and upstairs, which were previously thought to be difficult to distinguish [15].

A. Vaughn et al. created sensor data collection technique to investigate how the data could be used to distinguish patterns in user
physical gestures. Sensor data was used to differentiate multiple behaviors in this study. They concentrated in their research on
three types of human activity: walking, standing, and running. The sensor input while the gadget is in a stationary position is
included in the data. They created an Android-based smartphone application to collect data from a mobile device. The smartphone
accelerometer and gyroscope will be used in the research to detect the device motion. They utilized a naive Bayes technique and
k-means clustering to distinguish each activity in the dataset using a dataset of 500 sensor data entries, the model achieved an
accuracy of 85 percent in activity classification. Finally, their findings suggest that smartphone internal sensors can aid in the
detection of human activity [16].

M. M. Hassan et al. conducted a study and the major goal of the study was to create a reliable human activity recognition system
by using data from smartphone sensors. by using inertial sensors of the smartphone like gyroscope and accelerometer sensors, a
novel approach for activity identification has been developed. Multiple robust features were obtained from the sensor signals,
followed by dimension reduction using Kernel Principal Component Analysis (KPCA). Furthermore, for activity training and
recognition, the substantial features have been integrated with Deep Belief Network (DBN), a deep learning approach. When
compared to a typical multiclass Support Vector Machine (SVM) strategy, the proposed method was found to be superior. The
system was tested for twelve different physical activities, with an overall accuracy of 95.85 percent and mean recognition rate of
89.61 percent. Other traditional methodologies, on the other hand, could only manage an average recognition rate of 82.02 percent
and a total accuracy of 94.12 percent at best. Furthermore, it has demonstrated its capability to differentiate between fundamental
non- transitional and transitional tasks [17].

S. Lee et al. used the motion sensors on an Android smartphone to create the mHealth application to monitor and record rotational
data in real time. The mHealth is used to track the body motions of three volunteers while walking with their smartphones on their
waists. The gravity, gyroscope, magnetic sensors and accelerometer are all utilized in this app. By using gravity and magnetic
sensors the rotation matrix was calculated. Data was gathered from three individuals: two healthy adults (1 male and 1 female)
and another man with back discomfort. The participants held their smartphone in the middle of their waist. The roll, yaw, and
pitch angles of the human body were measured as the participant was walking using a rotation vector derived by the rotation
matrix in the smartphone. To determine the variance in each individual's walking motion, each xyz-rotation vector datum was
computed. This study demonstrates that mHealth program, that relies on smartphone sensors and rotation vectors, can detect
differences in people's walking movements between people [18].

2.3 Epilepsy Detection

Epilepsy is a frequently diagnosed illness that affects millions of people throughout the world. The majority of those who are
affected can be successfully treated with medication or neurosurgical treatments. Despite this, 25% of those infected are unable to
be treated with any available treatment. It has been proven that extensive monitoring using electroencephalogram (EEG) and
video over a lengthy period of time helps with the management of daily care and pharmacological therapy adjustments in resistant
patients who continue to experience frequent seizures. Long-term EEG and video monitoring can be distressing for patients, and
evaluating huge amounts of EEG/video data is time consuming for medical workers. Furthermore, this approach is not yet suitable
for real-time applications. All of the aforementioned factors have necessitated the search for patient-friendly sensors capable of
efficient automatic detection of epileptic seizures [19].

Helmy and A. Helmy introduced Seizario, the very first mobile application for continuous, energy-efficient seizure and fall
detection in the context of ambient assisted living for people with epilepsy and a risk of falling. Seizario is a scalable, cost-
effective solution that uses (only) smartphones to provide two main features: fully automated recognition of seizure spasm and fall
emergency situations, and instant communication of crucial data to emergency contact numbers. Seizario uses intricate finite-state
machines and innovative accelerometer-based learning algorithms to automatically detect epileptic fits and dangerous falls.
Seizario also has a number of important features that can help with providing assistance to the affected individuals. Seizario's
detection algorithms are built to perform swiftly and effectively on smartphones, and they've shown a lot of promise, with a
detection rate of over 95% for both seizures and falls, and a low amount of false alarms [20].

A. Y. Adwitiya et al. used the smartphone motion sensors and "fall detection" algorithm as an alert system. It can play an SOS
alarm, then make a direct call from the smartphone contact numbers and also send a text alarm with GPS locations. This warning
system was put to the test in the lab in four categories: GPS coordinate's function, mobile network quality, smartphone
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installation, and people's age. The finest instalment is the Smartphone on the forehead and the upper arm. By subject falling on the
bed, the GPS coordinate-based has a success rate of 90%. The success rate of mobile communication is almost 100%. The final
category is based on age, ranging from 7 to 32 years old, with a success rate of 60-70 percent. Finally, an epilepsy aid tool might
recognize the second of falling and send an SOS alert sound, SMS, direct call, and GPS coordinates to a healthcare provider or a
relative so they can seek help faster [21].

S. A. Makki and M. Fahmy proposed an epilepsy classification system. It is primarily regarded as an app that is created as a
classification system that is trained with instances represented by sensor signal patterns. The proposed system is primarily
constructed as any pattern recognition system depending on model enrolment and instances. The signals generated by an
accelerometer sensor are used to illustrate these examples. Experiments revealed that the proposed application performs well in a
variety of epileptic conditions. The outcomes of the correlation test performed after testing the system with the epileptic
movement in comparison to the other movements revealed that there is a very good connection between the input test example of
an epileptic case and the instances recorded in the database. Between the input epilepsy case and the enrolled one, the algorithm
has obtained a nearly 99 percent correlation [22] [23].

2.4 Parkinson’s disease

Parkinson’s disease (PD) is a central nervous system condition caused by dopamine neuron degeneration in the midbrain, which
manifests as motor difficulties. The most prevalent signs and symptoms of Parkinson's disease include bradykinesia, postural
instability, tremor, Freezing of Gait (FoG), and stiffness. Tremor is described as an uncontrollable and periodic muscle
contractions that dictates a partial or entire rhythmic condition of body parts, and it is one of the most weakening symptoms of the
disease. FoG is another crucial visible trait in Parkinson's disease patients. Walking through limited places, such as arriving at a
destination, a doorway, or coming across a barrier, all activate FoG. The quick and frequent reduction of step length is a feature of
FoG. The length of each episode could range from a few seconds to more than 30 seconds. We can see in the patients that their toe
or foot doesn’t leave the ground throughout these occurrences. There are many studies now that show the use of an inertial system
in clinical monitoring of individuals with motor dysfunctions. Magnetometers, gyroscopes and accelerometers are commonly used
to measure tremor, rigidity, bradykinesia and FoG in Parkinson's disease patients[24].

A. Tay et al. presented a real-time Parkinson Disease monitoring and biofeedback system based on low-price wearable sensors.
The gait monitoring system can analyze real-time sensor data and detect Freezing of Gait, then play audio and vibration
biofeedback to avoid or lessen freezing. A triaxial accelerometer, gyroscope, and magnetic compass are included in the low-price
wearable wireless sensor nodes. 2 integrated sensors are mounted at each ankle point in the prototype system to track gait motions.
Local storage capabilities are included in the system, that is useful for FOG detection while patients are outside of the clinic
environment or home. Patients with Parkinson's disease will be more conscious of their danger of falling as a result of this system,
and will also gain from frequent cueing to time their steps following a FoG event, so improving their gait function [25].

M. Delrobaei et al. conducted a study for assessing the full-body tremor, which is the most well-known Parkinson's disease
symptom. A forty Parkinson's disease patients and twenty-two healthy people were enlisted. The researchers used an (IMU)
inertial measurement unit-based motion capture system. They created a new scale and tested its clinical value by comparing their
results to the gold standard, the Unified Parkinson's Disease Rating Scale (UPDRS) scores. For the tasks chosen, there was a
significant association between the tremor severity levels and UPDRS. The findings imply that using the proposed precise tremor
scale for the evaluation of PD patients is possible and clinically useful. Additionally, this portable diagnostic instrument could be
utilized at home to monitor PD tremor and give clinicians real-time feedback on the intensity of different symptoms, allowing
them to improve the dosing and timing of a prescribed medical intervention [26].

G. V. Prateek et al. developed a system to identify the beginning and extent of FoG (Freezing of Gait) in persons with PD
(Parkinson's disease) in real time. A MEMS-based IMU (inertial measurement unit) with a three-axis gyroscope and a three-axis
accelerometer was utilized to capture gait motion. The participant's IMU is attached to the heel of his or her foot. The detecting,
tracking, and filtration modules are the three modules that make up the system design. They used real data from Parkinson's
disease patients who conducted a set of gait tasks to evaluate the performance of the suggested system. This FoG detection
findings are compared to those of an existing approach that just uses accelerometer data. The findings show that this system
detects FOG occurrences with an accuracy of 81.03 percent and a three-fold lower false-alarm rate than the previous existing
method [27].

O. Bazgir et al. presented a robust design of a classification system to quantify the hand tremors of Parkinson's disease patients
based on UPDRS. For reliable and non-invasive data collection, a smartphone accelerometer sensor was used. A short time
Fourier transform was used to 52 PD patients' time series data. The degree of PD patients' hand tremor was used to extract
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features. To find the best discriminative subset of the retrieved characteristics, the wrapper technique was used. For the highest
potential accuracy in the assessment of Parkinson's disease hand tremor based on UPDRS; 4 distinct classifiers were implemented.
The Nave Bayesian technique showed to be the most successful of the four classifiers examined. By picking an optimal mix of
extracted features from the collected acceleration signal, the classification outcome for the evaluation of PD tremor came near to
100 percent accuracy. The suggested algorithm was also tested on a cost-effective embedded system using a microcontroller for
home health care monitoring, and the developed classification algorithm achieved a 93.8 percent average accuracy [28].

P. Pierleoni et al. created a system that relied on a wearable device that includes a tri-axial magnetometer, a tri-axial gyroscope,
and a tri-axial accelerometer to form a MARG sensor (Magnetic, Angular Rate, and Gravity), as well as effective data fusion
algorithms were built in the device. These algorithms are able to provide the right orientation of the body in terms of pitch, yaw,
and roll angles referring to the Earth reference system starting with raw data. All raw data was collected and processed before
being sent to a user's device (tablet, laptop, smartphone) using Bluetooth. The wearable device also comes with external SD card
for data storage, which is important in the event of a lost or broken radio connection. A series of tests were performed for the
system validation on a sample of healthy volunteers and PD patients in accordance with an established experimental protocol,
with a video recording system present, and under the direction of a neurologist’s team. The findings collected a system's accuracy
of 97.7% for classifying tremors and 99.7% for detecting FoG events [24].

CONCLUSION

In this review paper we explored the most recent trends in four topics, fall detection, human activity monitoring, epilepsy
detection and Parkinson’s disease assessment systems that relied on smartphone and wearable sensor-based approaches. The kinds
of sensors used, their location, the dataset being utilized for investigation, the machine learning algorithm used, and their
effectiveness findings were all included in the survey. According to our findings, algorithms used on different datasets in the
review provide diverse levels of efficiency. This means that the algorithms' performance is influenced by a variety of parameters,
including the type and location of the sensors and the dataset's properties. It's also worth noting that there aren't many datasets
available to support study in this field. While public datasets are valuable for preliminary comparative studies, the majority of
study has been conducted using datasets generated through experiments. Our research shows that smartphone sensor and wearable
devices approaches have the advantage of being less invasive, especially for the older adults, and that machine learning
approaches can work on sensor data with an acceptable level of accuracy.
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