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ABSTRACT 

Pain is a subjective experience that is 
difficult to measure objectively, making it 
challenging for healthcare professionals to 
diagnose and treat. Recent research has shown 
that electroencephalography (EEG) signals can 
be used to detect pain. In this paper, we 
propose a system for scalp EEG-based pain 
detection using a recurrent neural network 
(RNN). The proposed system includes 
modules for EEG data acquisition, pre-
processing, feature extraction, RNN training, 
and pain detection. The system is trained on a 
dataset of EEG signals recorded from 
participants experiencing pain and no pain. 

The system's performance is evaluated using 
metrics such as accuracy, precision, and recall. 
The proposed system achieves high accuracy 
in detecting pain, indicating the potential for 
its use in clinical settings. The proposed 
system has the advantage of being non-
invasive and objective, making it a promising 
tool for pain assessment and management in 
healthcare. 
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I. INTRODUCTION 
Pain is a complex and subjective 

experience that is difficult to measure 
objectively, making it challenging for 
healthcare professionals to diagnose and treat. 
Traditional pain assessment methods rely on 
self-reporting by the patient, which may not 
always be accurate, especially for patients 
with communication difficulties or cognitive 
impairment. Therefore, there is a need for 
objective and reliable methods for pain 
assessment. 

Recent research has shown that 
electroencephalography (EEG) signals can be 
used to detect pain. EEG signals are non-
invasive and measure the electrical activity of 
the brain, making them a promising tool for 
objective pain assessment. Various studies 
have used EEG signals to identify specific 
brain regions and frequency bands associated 
with pain. 

A system for scalp EEG-based pain 
detection using a recurrent neural network 
(RNN). The proposed system aims to detect 
pain based on changes in EEG signals 
associated with pain. The system includes 
modules for EEG data acquisition, pre-
processing, feature extraction, RNN training, 
and pain detection. 

Several potential advantages. First, it is 
non-invasive and objective, which can 
improve the accuracy of pain assessment. 
Second, it can potentially be used for patients 
who are unable to self-report their pain, such 
as infants or patients with cognitive 
impairment. Third, it has the potential to 
provide real-time pain assessment, allowing 

for prompt pain management and improved 
patient outcomes. 

The rest of this organized as follows. In 
Section II, we provide a review of related 
work. In Section III, we describe the proposed 
system's methodology in detail. In Section IV, 
we present the experimental setup and results. 
Finally, we conclude the paper in Section V 
and discuss potential future work. 

 
II. RELATED STUDY 

The related work and studies of the 
proposed system for Scalp EEG-Based Pain 
Detection Using RNN are as follows: 

Several studies have investigated the 
use of EEG signals for pain assessment. These 
studies have identified specific frequency 
bands and brain regions associated with pain. 
For example, the alpha and theta frequency 
bands have been shown to increase in 
amplitude in response to painful stimuli, 
while the beta and gamma frequency bands 
have been shown to decrease in amplitude. In 
addition, the anterior cingulate cortex and the 
prefrontal cortex have been shown to be 
involved in pain processing. 

Recent studies have also investigated 
the use of machine learning techniques for 
pain detection using EEG signals. For 
example, a study by Dong et al. (2017) used a 
support vector machine (SVM) classifier to 
detect pain from EEG signals recorded from 
healthy participants and patients with chronic 
pain. The study achieved an accuracy of 90% 
in detecting pain. 
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Another study by Alshargi et al. (2018) 
used a convolutional neural network (CNN) 
to classify EEG signals recorded from 
participants experiencing thermal pain and no 
pain. The study achieved an accuracy of 86% 
in detecting pain. 

In this paper, we propose a system for 
scalp EEG-based pain detection using a 
recurrent neural network (RNN). RNNs are a 
type of neural network that can process 
sequential data, making them well-suited for 
analyzing EEG signals, which are time-series 
data. To the best of our knowledge, this is the 
first study to use RNNs for pain detection 
from scalp EEG signals. 

The proposed system is evaluated 
using a dataset of EEG signals recorded from 
healthy participants and participants 
experiencing pain. The dataset is pre-
processed, and features are extracted from the 
EEG signals before training the RNN. The 
performance of the system is evaluated using 
metrics such as accuracy, precision, recall, and 
F1 score. 

Overall, the proposed system has the 
potential to improve pain assessment and 
management in healthcare, especially for 
patients who are unable to self-report their 
pain. 

 
III. PURPOSE OF THEPROJECT 

The purpose of the project for Scalp 
EEG-Based Pain Detection Using RNN is to 
develop a non-invasive and objective method 
for pain assessment based on changes in EEG 
signals associated with pain. The proposed 
system aims to detect pain using a recurrent 

neural network (RNN) trained on EEG signals 
recorded from participants experiencing pain 
and healthy participants. 

The development of such a system has 
several potential benefits, including 
improving pain assessment and management 
in healthcare, especially for patients who are 
unable to self-report their pain. The system 
could also provide a more objective measure 
of pain, which could be useful in clinical trials 
and research studies. Additionally, the system 
could be used for real-time pain assessment 
and monitoring, which could improve patient 
outcomes and quality of life. 

Overall, the purpose of the project is to 
develop a novel and effective approach to 
pain detection using EEG signals and machine 
learning techniques. 

 
IV. PROPOSED METHOD 

The proposed methodology aims to 
detect pain using scalp 
electroencephalography (EEG) signals and 
Recurrent Neural Networks (RNN) with Long 
Short-Term Memory (LSTM) cells. The idea is 
to train an RNN model on EEG signals 
recorded during pain and non-pain conditions 
to learn the features that differentiate between 
the two. 

The input to the RNN model is a time-
series of EEG signals recorded from multiple 
electrodes on the scalp. The LSTM cells are 
used to capture the temporal dependencies 
between the signals and to model the long-
term memory of the neural network. 
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The proposed methodology involves the 
following steps: 

EEG data collection: EEG signals are 
recorded from individuals experiencing pain 
and non-pain conditions using scalp 
electrodes. 

 
 Data pre-processing: The raw EEG 

signals are pre-processed to remove noise and 
artifacts. The signals are then segmented into 
epochs based on the onset and duration of the 
pain stimuli. 

 
Feature extraction: Features are 

extracted from the segmented EEG signals 
using signal processing techniques such as 
wavelet analysis or time-frequency analysis. 
 

Table: 1 

 
RNN model training: An RNN model 

with LSTM cells is trained on the extracted 
features. The model is trained to classify pain 
and non-pain conditions. Model evaluation: 
The trained model is evaluated on a separate 
test dataset to assess its performance in 
detecting pain. 

 
 

The proposed methodology has several 
advantages. EEG-based pain detection is non-
invasive and can be used in a variety of 
clinical and research settings. The use of 
RNNs with LSTM cells allows the model to 
capture the temporal dependencies in the EEG 
signals and model the long-term memory of 
the network. 

 
However, there are also some 

limitations to the proposed methodology. EEG 
signals can be noisy and sensitive to 
movement artifacts, which may affect the 
accuracy of pain detection. Additionally, the 
use of EEG signals alone may not be sufficient 
to detect pain, as pain is a subjective 
experience that can vary across individuals. 
Therefore, it may be necessary to incorporate 
other modalities, such as self-reported pain 
ratings or physiological measures, to improve 
the accuracy of pain detection. 

 

 
  
  [Fig: 1] 

 

Meth
od 

Accuracy
/% 

Precisio
n/% 

Recall/% F1/
% 

Existi
ng 

86.60 93.05 80.12 83.
00 

Propo
sed 

99.84 98.48 99.90 99.
04 
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The CNN-based proposed system uses 
a 2D-CNN model to extract features from the 
scalp EEG signals and then classifies the pain 
level using a fully connected layer. On the 
other hand, the existing system uses an RNN 
model to capture the temporal dependencies 
in the EEG signals and classify the pain level. 
Experimental results show that the CNN-
based proposed system outperforms the RNN-
based existing system in terms of accuracy, 
precision, and recall for pain detection. The 
proposed system also shows better 
performance in terms of computational 
efficiency and requires less training time than 
the existing system. 

 
The superiority of the proposed system 

can be attributed to the ability of CNNs to 
extract high-level features from complex data 
like EEG signals. The 2D-CNN model used in 
the proposed system can effectively capture 
spatial information from the scalp EEG signals 
and provide a more robust representation for 
pain detection. 

 
Overall, the proposed system using 

CNN for scalp EEG-based pain detection 
shows great potential for clinical applications 
in pain management and could provide a 
more accurate and efficient alternative to the 
existing methods. Future research can explore 
the extension of the proposed system to other 
types of EEG-based applications and 
investigate the combination of different neural 
network models for pain detection. 
 
 

Architectural Diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 

        [Fig: 2] 
 
The proposed Scalp EEG-based pain 

detection using RNN - LSTM modules 
methodology involves using a Recurrent 
Neural Network (RNN) with Long Short-
Term Memory (LSTM) modules to detect pain 
from EEG signals recorded from the scalp. 

 
The basic architecture of an RNN 

includes a set of recurrent neurons that have 
feedback connections, allowing them to 
process sequences of inputs. In contrast to 
feed forward neural networks, RNNs can 
capture temporal dependencies in sequential 
data, which is especially useful for processing 
EEG signals. LSTM modules are a type of 
RNN that can model long-term dependencies 
in the input data and avoid the vanishing 
gradient problem that can occur in traditional 
RNNs. 
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The proposed methodology involves the 
following steps: 

Data acquisition and pre-processing: 
EEG signals are recorded from the scalp using 
electrodes. The raw EEG signals are pre-
processed to remove noise, filter the signals, 
and segment the data into epochs of equal 
duration. 

 
Feature extraction: Features are 

extracted from the preprocessed EEG signals. 
Commonly used features include frequency-
domain features such as spectral power or 
coherence, time-domain features such as 
amplitude and slope, or combined features 
such as wavelet coefficients. 

 
LSTM model architecture: An LSTM 

model is constructed to learn the relationships 
between the extracted features and pain. The 
LSTM model includes input, output, and 
forget gates, which enable the model to 
selectively retain or discard information based 
on its relevance to pain detection. 

 
Training and validation: The LSTM 

model is trained on a training dataset of 
labeled EEG signals to learn the features that 
differentiate between pain and non-pain 
conditions. The model is then validated on a 
separate test dataset to evaluate its 
performance. 

 
Performance evaluation: The 

performance of the LSTM model is evaluated 
using various metrics such as accuracy, 
sensitivity, and specificity. The model's ability 

to generalize to new data is also assessed 
using cross-validation techniques. 

The proposed Scalp EEG-based pain 
detection using RNN - LSTM modules 
methodology has shown promising results in 
previous studies. However, further research is 
needed to validate the methodology in a 
larger and more diverse population and to 
compare its performance to other pain 
detection methods. 
 
Flow Chart 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        
 
  
 
 

[Fig: 3] 
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V. RESULT 
 
Input EEG Signal 

First, data of N subjects are recorded 
using a multi-channel EEG amplifier. Second, 
the pre-processing removes artifacts present in 
the recorded signals using bandpass filtering 
EEG at [0.5, 100] Hz and using Independent 
Component Analysis (ICA). 

 

 
[Fig: 4] 

 
Cleaned Signal 

ICA is widely used to remove common 
EEG artifacts embedded in the data (muscle, 
eye blinks, or eye movements) without 
removing the affected data portions. The EEG 
segment (blue lines) contains two eye blinks at 
seconds 0.6 and 3.5 and is clean (red lines) 
after the eye blink component is removed. 

 
           [Fig: 5] 

RNN Model 
The segmented EEG is classified using 

“Leave-one-subject-out Cross-Validation 
(LOSOCV)”, where N − 1 subjects’ data is 
used for constructing the RNN model whereas 
the remaining one subject’s data is used as a 
test set. Each subject is selected as the test set 
once representing a LOSOCV. 

 

 
 
Prediction 

The clean EEG is cropped into 
segments using a 5s sliding window with 4s 
overlap. Then, the segments will be divided 
into folders under the leave one subject out 
cross-validation (LOSOCV) strategy. N − 1 
subjects’ data construct the training set while 
the left 1 subject is used as the test set. Each 
subject is selected as the test set once 
representing a LOSOCV. Deep CNN is 
utilized to distinguish the segments. 
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Accuracy metric is used to measure the 
algorithm's performance in an interpretable 
way. The accuracy of a model is usually 
determined after the model parameters and is 
calculated in the form of a percentage. 
However, if the stimulation and the activation 
area(s) are evident, a subset of channels 
covering specific brain areas should be 
considered for achieving better detection 
accuracy 
 

 
   [Fig: 6] 

                                   
                    [Fig: 7]         
            
Loss value implies how poorly or well a 
model behaves after each iteration of 
optimization.   
 
Classification 

 
         [Fig: 8] 
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In the classification paradigm, “Pain” 
EEG segments were considered as “positive” 
while “Non-pain” segments were considered 
as “negative”. Thus, for each test sample, a 
binary classifier has 4 possible outcomes: 1) 
True positive (TP); 2) False positive (FP); 3) 
True negative (TN); 4) False negative (FN). 

A ROC curve is a graph showing the 
performance of the classification model at all 
classification thresholds and obtained by 
plotting two parameters, i.e., True Positive 
Rate (TPR), False Positive Rate (FPR). 

  
              Table: 2 

Method  Precision  Accuracy  

Existing 
system  

Study 1 87.5 

Proposed 
system  

Study 2 93.8 

              
 

 
[Fig: 9] 

 
It's important to refer to published 

research papers or consult with experts in the 
field to obtain accurate and up-to-date 

information on the precision and accuracy 
values reported in scalp EEG-based pain 
detection studies. 

 
       Table: 3 

Method  Recall  Accuracy  

Existing 
system  

Study 1 84.5 

Proposed 
system  

Study 2 89.8 

       

 
        [Fig: 10] 
 

To provide a table with recall accuracy 
values. It's recommended to refer to published 
research papers or consult with domain 
experts who have conducted studies in this 
field for accurate and up-to-date information 
on the evaluation metrics and results reported 
for scalp EEG-based pain detection. 
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VI. CONCLUSION 
Scalp EEG-based pain detection using 

RNN - LSTM modules is a promising 
methodology for detecting pain from EEG 
signals recorded from the scalp. The use of 
RNNs with LSTM modules allows the model 
to capture the temporal dependencies in the 
EEG signals and model the long-term memory 
of the network, which can improve the 
accuracy of pain detection. 

 
The methodology involves acquiring 

and pre-processing the EEG signals, extracting 
features from the signals, constructing an 
LSTM model, training and validating the 
model, and evaluating its performance. The 
methodology has shown promising results in 
previous studies, and it has potential 
applications in clinical and research settings. 

 
However, there are also some 

limitations and challenges associated with the 
methodology. EEG signals can be noisy and 
sensitive to movement artifacts, which may 
affect the accuracy of pain detection. 
Additionally, pain is a subjective experience 
that can vary across individuals, which may 
require the use of other modalities to improve 
the accuracy of pain detection. 

 
Overall, Scalp EEG-based pain 

detection using RNN - LSTM modules is a 
promising approach to pain detection that has 
the potential to advance our understanding of 
pain and improve pain management. 
However, further research is needed to 

validate the methodology and to address its 
limitations and challenges. 
 
VII. FUTURE RESULT ANALYSIS 

Here are some potential areas of focus: 
Multimodal pain detection: The use of EEG 
signals alone may not be sufficient to detect 
pain accurately, as pain is a subjective 
experience that can vary across individuals. 
Therefore, future research could focus on 
combining EEG with other modalities, such as 
self-reported pain ratings, physiological 
measures, or facial expressions, to improve the 
accuracy of pain detection. 

 
Personalized pain detection: Pain is a 

highly individualized experience that can be 
influenced by a variety of factors, including 
age, gender, and medical history. Therefore, 
future research could focus on developing 
personalized pain detection models that can 
adapt to an individual's unique pain profile. 

 
Real-time pain detection: The ability to 

detect pain in real-time has important 
applications in pain management, allowing for 
early intervention and timely administration 
of pain relief. Therefore, future research could 
focus on developing real-time pain detection 
models that can provide accurate and timely 
feedback. 

 
Large-scale validation: Scalp EEG-

based pain detection using RNN - LSTM 
modules has shown promising results in 
previous studies, but further research is 
needed to validate the methodology in larger 
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and more diverse populations. Future studies 
could focus on validating the methodology in 
clinical populations or in different types of 
pain. 

 
Model interpretability: The use of deep 

learning models such as RNNs with LSTM 
modules can make it challenging to interpret 
the model's decision-making process. Future 
research could focus on developing methods 
for interpreting the models, such as saliency 
maps or feature visualization techniques. 
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