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Abstract 

The accelerometer is available on most of these mobile devices. It allows the acquisition and calculation of different physical 
parameters. Due to the use of pattern recognition, it also enables the identification of several Activities of Daily Living (ADL), 
such as walking, running, going downstairs, going upstairs, and standing. The feature extraction step performs the extraction of the 
five most significant distances between peaks, the average, standard deviation, variance and median of extracted peaks and raw 
data, and the maximum and minimum of raw data. The focus of this paper is the implementation of multiple artificial intelligence 
methods for the recognition of ADL, including Logistic Regression, Combined nomenclature rule inducer, Neural Network, Naive 
Bayes, Support Vector Machine, Decision Tree, Stochastic Gradient Descent, and k-Nearest Neighbor. The Decision tree reported 
the average accuracy of 85.22% between classes. This method also presents an F1-score value of 85,13% and a precision value of 
85,08%. Nevertheless, the study has limitations associated with the use of mobile devices. The position and location of the device 
in the data collection phase need further investigation, and the system architecture demands higher energy consumption. 
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1. Introduction 

Nowadays, people are using mobile devices in the different Activities of Daily Living (ADL) that allow the 
acquisition of various physical and physiological data with the sensors embedded in them. The processing of data 
acquired from the accelerometer data with different artificial intelligence techniques allows the recognition of different 
activities.   

Mobile devices include relevant processing properties and include accelerometry units [1,2]. Furthermore, these 
devices also include multiple communication technologies such as General Packet Radio Service (GPRS), 3G, High-
Speed Downlink Packet Access (HSDPA), 4G, and 5G for long-range communication and Bluetooth, Near-field 
communication (NFC) and Wi-Fi for short-range communication [3–5]. Therefore, these devices are a fundamental 
element used for personalized healthcare and are carried by most people every day [6–8].   

Moreover, standard mobile devices incorporate accelerometry units, which can support the data collection of 
physical parameters, using this data for multiple activities in the healthcare domain [9–11]. Currently, different medical 
assessment procedures use accelerometry-based systems [12,13]. Support decision making on several diseases related 
to people’s mobility conditions also uses this type of sensors [14–17]. The connection between the computer science 
domain and the medical field promote the design and development of reliable systems supported by artificial 
intelligence methods for multiple objectives such as the classification of ADLs [18–21]. The activity recognition 
accuracy can be improved by personalized models while also aiding in determining of emerging medical conditions 
[34]. 

The literature shows different researchers who study automatic ADL identification using accelerometer data. This 
study performs the recognition of five ADL, including walking, running, standing, going upstairs, and going 
downstairs, with different artificial intelligence methods. These ADLs have been selected, taking into account the 
literature review conducted by the authors. The use of data acquired from the accelerometer sensor fused with the data 
retrieved from the magnetometer and gyroscope sensors is available in the literature [22]. Other approaches in the 
literature rely on environmental sensors that are less obtrusive but also less accurate [33]. Mobile devices are also 
proved to be successful in detecting the environment with acoustic sensors, which can complement activity recognition 
with a wider context [35]. 

The main contribution of this study is to continue the research related to the recognition of ADL, implemented the 
Logistic Regression, Combined nomenclature (CN2) rule inducer, Neural Network, Naive Bayes, Support Vector 
Machine (SVM), Decision Tree, Stochastic Gradient Descent (SGD), and k-Nearest Neighbor (kNN) methods with 
different parameters. The best results will be the basis of the implementation of a framework for the recognition of 
ADL. Therefore, the primary motivation of this study is to recommend the best method for ADL classification using 
accelerometer data. Also, the authors aim to verify the F1 score, precision, and recall score of the different 
implementations. The results presented, the worst average accuracy between all the studied activities was reported by 
the kNN method (65.55%), and the best performance was presented by the Decision Tree method (85.22%). 

This article continues with Section 2 that presents the methodology of the framework for the recognition of ADL. 
The results of the classification methods implemented are presented and discussed in Section 3. Finally, Section 4 
presents the main conclusions of this study. 

2. Methods 

The recognition of ADL may be possible with the sensors available in the off-the-shelf mobile devices. This study 
presents a methodology with three steps (see Fig. 1), including data acquisition (Section 2.1), data processing (Section 
2.2), and artificial intelligence methods (Section 2.3). Initially, we start with the description of the environment for 
the data acquisition, and the different constraints. Data processing methods include the data cleaning and the extraction 
of the various features from the accelerometer signal. The core of the work presented in this paper consists in the 
implementation of different artificial intelligence methods, including Logistic Regression, CN2 rule inducer, Neural 
Network, Naive Bayes, SVM, Decision Tree, SGD, and kNN. These methods have been applied using open-source 
python software on a MacBookPro 15”, 6-Core Intel Core i7 with 2.6 GHz processing power, and 16 GB MB. The 
machine learning methods have been applied and the confusion matrix extracted. Moreover, the accuracy, F1 score, 
precision and recall performance metrics have been computed. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.procs.2020.07.044&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig. 1. Architecture of the proposed method for the identification of Activities of Daily Living (ADL) 

2.1. Data acquisition 

This study is based on the accelerometer data acquired by a BQ Aquaris 5.7 smartphone used during the walking, 
going upstairs and downstairs, running, and standing activities (see Fig. 2). The data acquisition was performed with 
the mobile device in a pocket of the user's trousers with a collection of 5 seconds of data every 5 minutes during the 
whole day. The different experiments related to the various activities were performed between 1st June 2017 and 31st 
December 2017, where it consists of 36 hours for each ADL. 

The accelerometer data was acquired by 25 subjects aged between 16 and 60 years old with different lifestyles, 
including sportspeople, sedentary people, and others. In detail, ten individuals regularly practice physical exercise, 
but the remaining 15 have a sedentary lifestyle. For each stream of data acquisition, the user should define the ADL 
performed. 

 

Fig. 2. Acceleration (m/s2) for each Activity of Daily Living (ADL) 

2.2. Data Processing 

After the data acquisition, the text files are processed for the extraction of the different features to apply artificial 
intelligence methods for the automatic recognition of ADL based on the accelerometer data. Initially, the data cleaning 
was performed with the implementation and execution of a low-pass filter [23] to reduce the noise of the accelerometer 
data to minimize the effects of the different constraints. 

The final step of data processing consists of the extraction of different features [24]. As presented in Table 1, the 
extracted features are provided by various sources. After the data acquisition, the average, standard deviation, 
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variance, median, maximum, and minimum of the raw data were extracted. Besides, the peaks available in the raw 
data were obtained. And, it is calculated the average, standard deviation, variance, and median of them. Finally, the 
timestamp of each peak was considered, and the five most enormous distances between peaks were calculated. 

Table 1. Features extracted from the accelerometer data 

Source Feature 

Peaks 

Five most enormous distances 
between peaks 
Average 
Standard deviation 
Variance 
Median 

Raw signal 

Average 
Standard deviation 
Variance 
Median 
Maximum 
Minimum 

2.3. Identification of Activities of Daily Living 

This paper extends the research on the recognition of simple ADL with other methods, implementing Logistic 
Regression, CN2 rule inducer, Neural Network, Naive Bayes, SVM, Decision Tree, SGD, and kNN. Logistic 
regression is similar to linear regression with binomial response variable [25]. CN2 rule inducer combined the 
Michalski's Automation Quotient, and Quinlan's ID3 algorithms [26]. Neural Network methods consist of a group of 
neurons based on a computational model for information change, which it is adapted with the information provided 
[27]. Naive Bayes algorithm implements the Bayes theorem with strong independence assumptions between the 
different features [28]. SVM performs the map of inputs into high-dimensional feature spaces with a non-linear 
classification [29]. Decision Tree uses a branching method for the illustration of every outcome of a decision [30]. 
SGD uses an iterative method for optimizing an objective function with suitable smoothness properties [31]. The kNN 
is a non-parametric method used for classification and regression [32]. Table 2 summarizes the configurations of each 
artificial intelligence method implemented. 

Table 2. Configurations of the different methods 

Method Configurations 

Logistic 
Regression  

Regularization: Ridge (L2), C=1 

CN2 (Combined 
nomenclature) 
rule inducer  

Rule ordering: ordered; Covering algorithm: exclusive; Gamma: 0.7; 
Evaluation measure: entropy; Beamwidth: 5; Minimum rule coverage: 
1; Maximum rule length: 5; Default alpha: 1.0; Parent alpha: 1.0 

Neural Network  Hidden layers: 100; Activation: Logistic; Solver: SGD; Alpha: 0.0001; 
Maximum iterations: 200; Replicable training: True 

Naive Bayes  Standard parameters 

SVM (Support 
Vector Machine) 

Kernel: Radial Basis Function (RBF), exp(-auto|x-y|²); Numerical 
tolerance: 0.001; Iteration limit: 100 

Decision Tree Pruning: at least two instances in leaves, at least five instances in internal 
nodes, maximum depth 100; Splitting: Stop splitting when the majority 
reaches 95% (classification only); Binary trees: Yes 

SGD (Stochastic 
gradient descent) 

Classification loss function: Hinge; Regression loss function: Squared 
Loss; Regularization: Ridge (L2); Regularization strength (α): 1e-05; 
Learning rate: Constant; Initial learning rate (η0): 0.01; Shuffle data 
after each iteration: Yes 

kNN (k-Nearest 
Neighbor) 

Number of neighbors: 5; Metric: Euclidean; Weight: Uniform 
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3. Results and Discussion 

As previously presented, it is possible to recognize the ADL with artificial intelligence methods based on the 
already used dataset. We implemented different methods, such as the Logistic Regression, the CN2 rule inducer, the 
Neural Network, the Naive Bayes, the SVM, the Decision Tree, the SGD, and the kNN. Table 3 presents the average 
results of different metrics, including accuracy, F1 score, precision, and recall. 

Following the results presented, the worst accuracy was reported by the kNN method (65.55%), and the best 
accuracy was reported by the Decision Tree method (85.22%). The F1 score measures the test accuracy. Thus, the 
best test accuracy was achieved by the Decision Tree method (85.13%), but the worst test accuracy was reported by 
the kNN method (65.69%). The best precision was reported by the Decision Tree method (85.08%), and the worst 
precision was reported by the kNN method (65.98%). Finally, the best recall value was reported by the Decision Tree 
method (85.22%), and the worst recall value was reported by the kNN method (65.55%). 

Table 3. Results obtained with different features and methods for all Activities of Daily Living (ADL). 

Model Accuracy F1 Score Precision Recall 
Logistic Regression 0.8184 0.8158 0.8174 0.8184 

CN2 rule inducer 0.8088 0.8099 0.8115 0.8088 
Neural Network 0.8037 0.8007 0.8002 0.8037 

Naive Bayes 0.7833 0.7718 0.7857 0.7833 
SVM 0.6917 0.6836 0.6845 0.6917 

Decision Tree 0.8522 0.8513 0.8508 0.8522 
SGD 0.8139 0.8103 0.8135 0.8139 
kNN 0.6555 0.6569 0.6598 0.6555 

 
Table 4 presents the recognition accuracy by each ADL, verifying that running activity reported the best accuracy 

with Logistic Regression (98.71%), Neural Networks (98.68%), Naïve Bayes (98.19%), SVM (99.06%), SGD 
(98.3%), and kNN (96.52%), and standing activity reported the best accuracy with CN2 rule inducer (98.92%), and 
Decision Tree (99.01%). Thus, the method that reported the best accuracy in recognition of one ADL is the SVM. 

Table 4. Accuracies obtained for each Activity of Daily Living and each model. 

 Going 
Downstairs Going Upstairs Running Standing Walking 

Logistic 
Regression 0.8819 0.8833 0.9871 0.9805 0.9040 

CN2 rule 
inducer 0.8612 0.8616 0.9847 0.9892 0.9209 

Neural Network 0.8694 0.8772 0.9868 0.9813 0.9017 
Naive Bayes 0.8607 0.8681 0.9819 0.9655 0.8904 

SVM 0.7799 0.8093 0.9906 0.9873 0.8163 
Decision Tree 0.8893 0.8944 0.9834 0.9901 0.9472 

SGD 0.8791 0.8802 0.983 0.9792 0.9063 
kNN 0.7963 0.7809 0.9652 0.8640 0.9046 

 
As this framework should be adapted to a mobile device that has low resources, a smaller number of implemented 

methods is better. Thus, the implementation of ensemble learning methods is not the best option to use. The framework 
for the recognition of ADL with an accelerometer should implement the Decision Tree method because it has the best 
performance and results in most of the ADL. Still, as an exception, the recognition of running activity is better with 
the SVM method. 

4. Conclusions 

This paper presents the implementation of multiple machine learning methods, such as Logistic Regression, CN2 
rule inducer, Neural Network, Naive Bayes, SVM, Decision Tree, SGD, and kNN for the identification of ADL. The 
five ADLs recognized are walking, running, standing, going upstairs, and going downstairs. The dataset used includes 
fifteen features. The main contribution of this study is to present a comparative analysis to recommend the most 
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accurate method for ADLs recognition. Therefore, the use of the Decision Tree method provides 85.22 % of accuracy. 
Moreover, this method presents an F1-score value of 85.13%, a precision value of 85.08%, and a recall value of 
85.22%. Furthermore, the authors also find some limitations closely associated with the use of mobile devices. On the 
one hand, the most accurate position and location of the device in the data collection phase need further investigation. 
On the other hand, the data collection and processing using mobile devices require high processing activities, which 
are related to higher energy consumption. 

Future research aims to investigate and explore the study of feature selection to increase the accuracy of the 
proposed methods for further development of an optimized version of a personal digital life coach. Sometimes there 
are some problems with the data acquisition, and it is crucial the research of data imputation methods for the 
recognition of complex activities in different environments. 
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3. Results and Discussion 
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best test accuracy was achieved by the Decision Tree method (85.13%), but the worst test accuracy was reported by 
the kNN method (65.69%). The best precision was reported by the Decision Tree method (85.08%), and the worst 
precision was reported by the kNN method (65.98%). Finally, the best recall value was reported by the Decision Tree 
method (85.22%), and the worst recall value was reported by the kNN method (65.55%). 

Table 3. Results obtained with different features and methods for all Activities of Daily Living (ADL). 
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Table 4 presents the recognition accuracy by each ADL, verifying that running activity reported the best accuracy 

with Logistic Regression (98.71%), Neural Networks (98.68%), Naïve Bayes (98.19%), SVM (99.06%), SGD 
(98.3%), and kNN (96.52%), and standing activity reported the best accuracy with CN2 rule inducer (98.92%), and 
Decision Tree (99.01%). Thus, the method that reported the best accuracy in recognition of one ADL is the SVM. 

Table 4. Accuracies obtained for each Activity of Daily Living and each model. 
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As this framework should be adapted to a mobile device that has low resources, a smaller number of implemented 

methods is better. Thus, the implementation of ensemble learning methods is not the best option to use. The framework 
for the recognition of ADL with an accelerometer should implement the Decision Tree method because it has the best 
performance and results in most of the ADL. Still, as an exception, the recognition of running activity is better with 
the SVM method. 

4. Conclusions 

This paper presents the implementation of multiple machine learning methods, such as Logistic Regression, CN2 
rule inducer, Neural Network, Naive Bayes, SVM, Decision Tree, SGD, and kNN for the identification of ADL. The 
five ADLs recognized are walking, running, standing, going upstairs, and going downstairs. The dataset used includes 
fifteen features. The main contribution of this study is to present a comparative analysis to recommend the most 
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accurate method for ADLs recognition. Therefore, the use of the Decision Tree method provides 85.22 % of accuracy. 
Moreover, this method presents an F1-score value of 85.13%, a precision value of 85.08%, and a recall value of 
85.22%. Furthermore, the authors also find some limitations closely associated with the use of mobile devices. On the 
one hand, the most accurate position and location of the device in the data collection phase need further investigation. 
On the other hand, the data collection and processing using mobile devices require high processing activities, which 
are related to higher energy consumption. 

Future research aims to investigate and explore the study of feature selection to increase the accuracy of the 
proposed methods for further development of an optimized version of a personal digital life coach. Sometimes there 
are some problems with the data acquisition, and it is crucial the research of data imputation methods for the 
recognition of complex activities in different environments. 
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