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a b s t r a c t

Falls are one of the leading causes of mortality among the older population, being the rapid detection of a fall a

key factor to mitigate its main adverse health consequences. In this context, several authors have conducted

studies on acceleration-based fall detection using external accelerometers or smartphones. The published

detection rates are diverse, sometimes close to a perfect detector. This divergence may be explained by the

difficulties in comparing different fall detection studies in a fair play since each study uses its own dataset

obtained under different conditions. In this regard, several datasets have been made publicly available re-

cently. This paper presents a comparison, to the best of our knowledge for the first time, of these public fall

detection datasets in order to determine whether they have an influence on the declared performances. Using

two different detection algorithms, the study shows that the performances of the fall detection techniques

are affected, to a greater or lesser extent, by the specific datasets used to validate them. We have also found

large differences in the generalization capability of a fall detector depending on the dataset used for train-

ing. In fact, the performance decreases dramatically when the algorithms are tested on a dataset different

from the one used for training. Other characteristics of the datasets like the number of training samples also

have an influence on the performance while algorithms seem less sensitive to the sampling frequency or the

acceleration range.

© 2015 IPEM. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Fall incidents are a major public health problem among the older

adults. Falls and the subsequent long lie period are associated with

severe adverse health consequences [1–3]. The Centers for Disease

Control and Prevention [4] quantify the direct medical cost of falls

among older adults over US$30 billion per year in the United States.

Every 17 s an older adult is treated in a hospital emergency depart-

ment for injuries related to a fall [5]. In this context, there is a need

for robust fall detectors that trigger an alert when a fall is detected

[6–9].

Several techniques for fall detection have been investigated. Igual

et al. [6] classified the existing fall detection studies into two cate-

gories: context-aware systems [10] and acceleration-based wearable

devices [11]. One of the characteristics of acceleration-based stud-

ies is that they report high detection rates. For example, sensitivity

and specificity are reported respectively as 97.5% and 100% by Kangas

et al. [12], 94.6% and 100% by Bourke et al. [13], 98.6% and 99.6% by

Yuwono et al. [14]; and 100% and 100% by Abbate et al. [15]. Other fall

detection studies provide similar performances [16,17]. It should be

noted that the detection rates provided by all these studies are very
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high. However, many authors on this field have noticed strong diffi-

culties when comparing different acceleration-based studies [6,18].

This is due to the fact that each study uses its own dataset composed

of simulated falls and ADL. Therefore, it is not clear whether the de-

clared results are influenced by the specific dataset used and it is not

possible to perform a fair comparison since the datasets used to pro-

vide a measure of the detection performances are different in each

study.

In this regard, several authors have identified the need for having

public datasets [19,20]. Some efforts have been performed in this di-

rection since several datasets were made publicly available in the re-

cent years: DLR [21] published in 2011, MobiFall [22] available in 2013

and tFall [20] uploaded in 2014 (the study of Fudickar et al. [23] cites

another public dataset but it seems that it cannot be downloaded cur-

rently). Although these three datasets can be freely accessed, there

is no study focused on comparing them. Therefore, some important

questions remain unanswered: Can the public datasets be used in-

distinctly?; Are there any differences among them?; Is the perfor-

mance of the fall detection algorithms affected by the specific se-

lected dataset?

In this regard, the general goal of this paper is to compare in a

fair way the existing public datasets (Fig. 1). For that purpose, the

following specific objectives are stated:

(1) To check whether or not the performance of a given algorithm

depends on the selected dataset;
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Fig. 1. General schema of the study.

Table 1

Features of the public fall detection datasets.

DLR MobiFall tFall

Experiments No. subjects 16 11 10

Device Xsens MTx Samsung Galaxy S3 Samsung Galaxy Mini

Position Belt Pocket Pocket

Types of falls Not specified Forward-lying, front-knees-lying,

sideward-lying and back-sitting-lying

Forward, forward straight, backward,

lateral left and right, sitting on empty

air, syncope and forward fall with

obstacle

Types of ADL Sitting, standing, walking,

running, jumping and lying

Standing, walking, jogging, jumping,

stairs up, stairs down, sitting on a

chair, step in a car and step out a car

Real-life activities

Samples No. ADL 1077 831 7816

No. falls 53 132 503

Sampling frequency 100 Hz 100 Hz 50 Hz

Acc. range 7 g 2 g 2 g

(2) To compare the generalization capability of the public datasets.

Generalization capability refers to the ability of a system

trained under some conditions to work under different

conditions;

(3) To determine whether some of the datasets’ parameters affect

the performance of the fall detection algorithms.

2. Materials and methods

2.1. Datasets

As a result of an extensive literature search, we identified three

public datasets presenting acceleration samples of falls and ADL: DLR

[24], MobiFall [25] and tFall [26]. These three datasets were collected

by different research institutions, each conducting the experiments

in a particular fashion. These datasets were selected since, to the best

of our knowledge, they are the only ones that are publicly available

to the scientific community.

2.1.1. DLR dataset

This dataset was made publicly available by the Institute of Com-

munications and Navigation of the German Aerospace Center (DLR). The

dataset was collected from 16 male and female subjects aged be-

tween 23 and 50 and annotated manually by an observer. In total it

contains about 4.5 h of labeled falls and activities (Table 1). Each par-

ticipant performed a different number of ADL and falls. To capture the

motion data, the Xsens MTx inertial measurement unit with a single

tracker placed on the belt was used. The data were sampled at 100 Hz

and the measurement unit had an acceleration range of at least 7 g.

2.1.2. MobiFall dataset

This dataset was developed by the Biomedical Informatics &

eHealth Laboratory of the Technological Educational Institute of Crete.

The MobiFall dataset contains data from 11 volunteers: six males and

five females (age range: 22–36). Nine participants performed falls

and ADLs, while two performed only the falls. On the one hand, each

participant performed four types of falls which were repeated three

times per subject. On the other hand, nine types of ADL were sim-

ulated (Table 1). Specifically, a Samsung Galaxy S3 device with the

LSM330DLC inertial module (3D accelerometer and gyroscope) was

used to capture the motion data. The device was located in a trouser

pocket freely chosen by the subject in any random orientation. The

range of the accelerometer was 2 g and the data were acquired at

100 Hz.

2.1.3. tFall dataset

This dataset was developed by the EduQTech (Education, Quality

and Technology) group of the University of Zaragoza. Ten people were

involved in the data collection process (seven males and three fe-

males, whose ages ranged from 20 to 42). The simulation set con-

sisted of eight different types of falls (Table 1). Each fall was repeated

three times per subject. The ADL collection process was carried out

under real-life conditions. ADL were recorded in the subjects’ real

world environment while they performed their daily lives. Each sub-

ject was monitored during at least one week. Only ADL over a given

threshold (1.5 g) were recorded. At the end of the experience, an av-

erage number of about 800 records per subject (6 s length) were ob-

tained. The data were acquired using Samsung Galaxy Mini phones at

50 Hz and with a range of 2 g. In the fall study, participants carried a

phone in both their two pockets.

2.2. Fall detection algorithms used to compare the datasets

It is clear that the comparison can depend on the algorithm.

Therefore, we have selected two algorithms representing different

approaches to fall detection.
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