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Abstract 
In the last ten years, the number of people over 65 has increased 
30% in Spain. This trend is anticipated to grow and require more 
healthcare personnel. To prevent this, people should live longer 
independently instead of in care homes. The ADDIM system will 
assist them in living independently. The research presented in this 
paper is part of the mood detection of the user in the ADDIM 
(Asistencia Domiciliaria Digital Integral para Mayores) system. 
This is a Digital platform for monitoring older people's health, 
safety, companionship, and emotional support at home based on 
robotics, artificial intelligence, and ambient assisted living. 

To detect user emotions, the right speech corpus, feature 
extraction methods, preprocessing methods, and machine 
learning models have to be selected. Based on the detected 
emotion, the robot will interact with the user to perform 
predefined actions. The final mood of the user will be estimated 
using this output in conjunction with visual feedback and the 
sensors in the user's home with the ADDIM system. 

Three speech corpora are selected with retraining to achieve 
personalized detection based on the user's previous recordings. 
In addition, this will ensure that the detection is improved over 
time, which has yet to be implemented in other research. Finally, 
the implementation uses dimensional emotion detection instead 
of discrete emotion detection. This augments the number of 
detectable emotions. 

1. Introduction
Over the last decade, Spain witnessed a 30% increase in its 
population aged 65 and above. This is attributed to a rise in 
life expectancy from 79.1 years in 2000 to 83.2 years in 
2019, making it one of the countries in the European Union 
and worldwide with the highest life expectancy among 
older adults [1]. While this is a positive outcome, it has 
implications for the country's healthcare system and the 
elderly population's mental health. The growth in elderly 
people living alone may lead to mental disorders impacting 
their quality of life. In this regard, several experts have 
spoken out in favor of a change in the model of dependency 
care in Spain, pointing out among the priorities the 
availability of comprehensive and integrated care in the 
home to relieve the pressure on healthcare personnel [2]. 
As an example, during COVID-19 there was a shortage of 

care response capacity in nursing homes, causing a 
dramatic situation. Therefore, person-centered care and 
promoting adapted assisted living should be implemented 
to support elderly people living alone in Spain.  

In this research, we propose the ADDIM system, a digital 
platform for monitoring the health, safety, companionship, 
and emotional support of older people at home. In this 
system, a Speech Emotion Recognition (SER) model will 
detect the user's emotions and work together with the rest 
of the ADDIM system’s components to personalize the 
elderly user's care. The implementation goal is to be a 
proof-of-concept to check the feasibility of triggering 
actions in a robot based on the result provided by the SER 
model. Future research will explore the possible ways to 
improve the SER model and its real-world limitations. The 
aim is to detect emotions in audio fragments instead of 
continuous speech. 

2. Framework
The ADDIM system extends mental assessment and mood 
monitoring with pro-active coaching capabilities, provided 
by a companion social robot, which suggests activities to 
older people to improve their mood and mental well-being. 

The proposed companion robot and Ambient Assisted 
Living (AAL) system comprises several components, 
summarized below. It should be remembered that different 
deployments of the system are possible, from the simplest 
(only AAL) to the most complex model, including the 
social robot. Using low-cost commercial components (such 
as low-cost commercial sensors), open-source software, 
and communication standards (ROS, Node-RED, MQTT, 
Home Assistant) also favor the incorporation of new 
hardware and software for future developments. 

• Assistive mobile robot: Designed to navigate
autonomously around the house to attend to the
users’ needs or suggest an activity according to
their mood.

• Home automation sensor ecosystem: Includes a
set of low-cost sensors, both commercial and self-
designed, to monitor the user’s lifestyle.
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• Speech Emotion Recognition (SER): A Python
implementation of a machine learning algorithm
to detect the emotion of the user from an audio file 
sent by the robot to the computer.

• Application for psychological data acquisition:
Carries out a psychological study and thus relates
the information obtained from the Empatica E4 to
the user’s state of mind, such that basic questions
about activity/well-being can be answered. This is
another input for the machine-learning algorithm.

• Central home-assistant unit: Collects home
automation data on the person’s routines at home
and activates the necessary devices. This unit, an
embedded PC to house the artificial intelligence
algorithms for the coordination and functioning of 
the various well-being devices. ROS, Home
Assistant, and IoT were used to make the
information transparent among the system’s
different elements. The SER model will run in this 
part of the system.

Figure 1. A scheme of the main elements. 

3. State-of-the-art
Following the WHO’s [3] recommendations on ethics and 
governance in the field of health, artificial intelligence, as 
used in this work, holds great promise for public health 
practice, as it has great benefits, such as protecting human 
autonomy, promoting the well-being and safety of 
individuals and the public, ensuring transparency, clarity 
and intelligibility, and guaranteeing inclusiveness, equity 
and sustainability. 

The field of mood recognition has gained in importance in 
the world of artificial intelligence. Successful studies have 
been conducted with wearables [4], [5], such as IoT sensors 
for behavioral inference [6]. However, putting the system 
to practical use is still the challenge we are facing with the 
proposed system. 

Different sensor systems have been proposed to collect 
physiological and activity data and analyze them to 
automatically assess people’s moods. Smart monitoring 
systems use smartphones and self-reported depression 
reports to assess people’s moods, as in [7]. However, the 
latter system does not provide counseling. In the H2020 
Help4mood project, data on daily activities are converted 

into graphical, textual, and conceptual summaries that can 
be communicated to clinicians providing external 
assessment. 

Automatic mood monitoring and assessment are important 
components of support therapies and daily life coaching. 
Ecological momentary assessment (EMA) can ease 
patients’ mental burdens since the traditional assessment 
tests are too long to be used repeatedly. In addition, the 
latest smartphones and wearable devices make the EMA 
approach much more feasible as a solution for monitoring 
mental illness and offer economically friendly solutions. 

The above-described method of gathering information on 
mental well-being has been used in several works. In [8], a 
system is proposed to monitor potential depressive patterns 
in elderly people living alone. Emotional states are 
assessed from diverse sources, such as surveys, 
smartwatches, and EMA questionnaires. EMA methods for 
obtaining emotional information can expand this research 
area to practical applications. For example, in [9], a system 
that gathers information on a person’s activities can detect 
long-term stress patterns. Stress detection during daily 
real-world tasks through advances in intelligent systems is 
described in [10]. Techniques such as machine learning 
were also applied [11] to monitor elderly people’s moods 
via intelligent sensors on wristbands. 

An issue to be addressed is the usability of these modern 
assistive technologies by the elderly. In [12], the authors 
present a user-centered design for a web-based multi-
modal user interface tailored for elderly users of near-
future multi-robot services. 

3.1. Empathic vs. non-empathic Robot 

In [13] they look at the effects of the robot named Ryan 
with or without emotional assessment in a conversation 
with the user. They noticed little difference in the empathic 
or non-empathic version of the robot in conversation with 
the user. However, when the word count was measured, 
and the exit survey of all participants was finished, they 
noticed that the emotional version of Ryan was more 
engaging and likable by the participants. And that the 
empathic version of the robot encourages users to have 
longer conversations compared to the non-empathic 
version. This was suggested to have the potential to 
decrease depression in the users. 

3.2. Speech Emotion Recognition (SER) 

In the state of the art [14], there are two methods to detect 
emotions: discrete and dimensional. The dimensional was 
chosen as it has two parameters to plot any emotion on the 
Speech Affective Space Model (SASM) [15]. Figure 2 
shows the Speech Affective Space Model used in the state 
of the art. The SASM is not limited to the number of labels 
on which the model is trained and can, because of this 
predict more emotions compared to the available emotions 
in the speech corpus. The Euclidean distance is used to 
measure the distance of the predicted emotion to the closest 
discrete emotion. For each dimension (Valence and 
Arousal) the concordance correlation coefficient (CCC) is 
calculated to measure the accuracy and precision of the 
predicted results compared to the expected results. In the 

SBC 
SER 
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state of the art the CCCV is 0.28 ± 0.05 and the CCCA is 
0.58 ± 0.05 [14]. 

Figure 2. Representation of emotions on the Speech 
Affective Space Model (SASM) by using Arousal-Valence 
values [14] 

4. Methodology
To create a SER model, the first step is to select a speech 
corpus, but as there are no speech corpora with dimensional 
values, the discrete values are mapped onto the SASM and 
the model output will be compared to these converted 
Valence-Arousal values. The selected speech corpora was 
EmoDB to compare our results to the state of the art. Our 
results were similar for other speech corpora. It has to be 
noted that most speech corpora are artificial and the 
expression of emotions can vary across a lot of factors 
(ethnicity, age, etc.) [16]. 

The second step is to extract the features from the audio 
files from the speech corpora. For this, a wide range of 
methods and features can be used. The best results were 
achieved using a library by Renovamen (Github) [17]. It 
consists of 320 features that are normalized. The ones with 
the highest correlation to the output are chosen with 
principal component analysis (PCA).  

With these features, the model can be trained and 
optimized. The selected models are deep learning models 
as they improve with the more data they get. This is 
beneficial as the goal is to retrain later on with the final 
emotion from the user we get from all the inputs of the 
ADDIM system that will detect the user's emotion and can 
retrain the Emotion Recognition (ER) models like this one. 
A CNN, LSTM and CNN+LSTM model are used to 
compare to the state of the art. The CNN+LSTM model 
combines CNN layers as the input and LSTM layers as the 
output. These models are optimized by changing the 
amount and types of layers and other parameters.  

The models will be evaluated on their accuracy, MSE, 
RMSE, R², CCCV, CCCA, and the number of inputs. The 
amount of inputs is also correlated with the amount of 
calculations that have to be performed and, thus also the 
time to train and predict. 

5. Results & discussion
The models were trained and used to predict emotions on a 
CPU and were able to predict in a matter of seconds. 

Table 1 compares our models with the State Of The Art 
[14]. The CNN model and CNN+LSTM model show great 
performance and outperform the state of the art. The LSTM 
results are not promising, but still in line with the state of 
the art. The training and validation loss of the models are 
shown in Figure 3-5. 

The results with the CNN+LSTM model are achieved with 
less inputs compared to the other models. This means that 
there are less features required and thus also less 
computing time. 

 Model CNN LSTM CNN+ 
LSTM 

SOTA 

Accuracy (%) 78.78 36.36 78.78 / 

MSE 0.1110 0.2501 0.1269 / 
RMSE 0.3333 0.5001 0.3562 / 
R² 0.6553 0.2429 0.6413 / 
CCCV 0.8531 0.5573 0.7615 0.28±0.05 
CCCA 0.8331 0.5253 0.8901 0.58±0.05 
Inputs 46 41 40 / 

Table 1. Model training results for CNN, LSTM and 
CNN+LSTM with EmoDB, compared to the the State-Of-
The-Art (SOTA) 

Figure 3. Training and validation loss during training of 
the CNN model on the EmoDB speech corpus 

Figure 4. Training and validation loss during training of 
the LSTM model on the EmoDB speech corpus 
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Figure 5. Training and validation loss during training of 
the CNN+LSTM model on the EmoDB speech corpus 

The features that were selected with principal component 
analysis (PCA) as inputs for the models were consistent 
during testing while comparing with other speech corpora. 
This seems to show that there are features that indicate the 
amount of Valence and Emotion regardless of the 
language, recording method, and other variables.  

The models only get features that can be extracted from the 
audio files, so there is no speech context used for these 
results. This means that conversations cannot be recorded 
by the model, which is again better for privacy. 

The results of the SER will be added with the other models 
into the system to get an even more accurate result for the 
user’s emotion. This emotion will be used for retraining the 
model to adapt to the user and become better over time. 
This is possible because we use deep learning models 
which thrive with the increased amount of data. 

There are however some limitations. The EmoDB speech 
corpus is limited and artificial in nature, which is the same 
for other speech corpora. It is also difficult to find speech 
corpora in Spanish, especially for elderly people. 

6. Conclusion 
The CNN and CNN+LSTM models have proven to 
outperform the state of the art. This while maintaining 
privacy by running locally on a CPU and predicting fast. 

These results should be retrained on a Spanish speech 
corpus, if possible, but the features that are used to train 
and predict seem to be consistent across speech corpora 
and languages.  

Future work must prove the advantages of retraining in a 
real-world scenario. Results for audio filtering could also 
be explored for real-world scenarios. The model could also 
be adapted to work in real-time to respond even faster 
compared to the speed we have now. 

These improvements will benefit the promotion and 
monitoring of the emotional state and therefore the quality 
of life of older people. 
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