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Abstract 

In the current competitive world, one of the most familiar and grave mental illnesses we encounter in 

humans is depression, also called as major depression or major depressive disorder. It makes one feel 

depressed and disinterested all the time, which has a bad impact on one’s thoughts and behavior. This 

affects not only the victims but also people associated with them, such as family, friends, and society. If 

not treated properly, it can end up with adverse actions such as suicide or hurting others. Therefore, it 

is very essential to detect such people and provide them with the necessary required treatment. With 

advancements in artificial intelligence and deep learning, facial emotion recognition has always been 

in focus. Through the facial expression, we can detect the emotions of a person. Convolutional neural 

network method will be used to recognize facial expressions in real time from picture frames in video 

data. The video input will be taken through an external camera module fitted on the ESP32 chip. Image 

pre-processing will be done for better feature (expression, emotions) extraction. These processed 

images will then be sent into a deep learning model, which predicts whether the facial expressions 

indicate depression. Depending on whether depression is detected or not, a message will be sent to that 

particular person and also to their well-wishers. 
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INTRODUCTION 

Depression is a mental health condition that affects a person psychologically. Being very common. 

according to the World Health Organization (WHO) around 330 million of people on earth are currently 

suffering from depression [1]. Generally, depression does not occur from a single event but from a 

bunch of events, unless the single event is very dreadful. Good news is that the depression can be treated. 

Sooner the person suffering from depression gets treatment, more are the chances of recovery. The 

initial line of therapy for depression is psychological. In cases of moderate to severe depression, they 

might be taken in addition to antidepressant drugs. For moderate depression, antidepressant medicines 

are not necessary. Cognitive behavioral therapies can impart new ways of thinking, adjusting, or 

interacting with people. They may include both professional talk therapy and lay therapists under 

supervision. Talk therapy can be conducted in 

person or virtually. Self-help guides, apps, and 

websites all provide psychological therapy. There 

are various kinds of depression [2], and the severity 

of their symptoms varies from mild to severe. Major 

depression, melancholia, dysthymia, and psychotic 

depression are a few kinds of depression. It has a 

negative impact on people's emotions, thoughts, and 

behaviors. Depression makes it harder to keep up 

with daily tasks and interferes with regular 

relationships and employment. There are various 

feelings that are caused by depression, some of 

which are as follows- sad, irritated, guilty, frustrated 

and disappointed. Negative thoughts such as “I have 
failed”, “It’s my fault”, “There is nothing good in 
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my life”, “Life is not worth living” are induced by depression. Depression has various symptoms, which 

can be mainly classified into two classes — behavioral and physical. Behavioral symptoms include 

withdrawing from close people (friends and family), stopping enjoyment, not going out, becoming 

unproductive at work, and attraction to alcohol and drugs. Physical symptoms include being tired at all 

times, sleeping problems, feeling sick almost all the time, constant headache, and loss or change in 

appetite. People with depression are at increased risk of suicide. Research also shows strong 

relationships between depression and physical health, including cardiovascular disease, cancer, 

diabetes, and respiratory diseases. For these reasons, it is very important to detect depression at an early 

stage for proper treatment and preventing harmful measures. 

 

Because of this, we have developed a machine learning model that uses the pictures obtained from 

the films to identify facial expressions. An external camera module is put on the ESP32 chip in order 

to record videos. The ESP32 CAM WiFi Module is used in numerous internet of things (IoT) 

applications [3]. With a footprint of just 40 × 27 mm and a deep sleep current of up to 6 mA. Bluetooth 

with OV2640 camera module 2MP for face recognition has an extremely competitive small-size camera 

module that can work independently as a minimum system. It is suitable for IoT uses such as smart 

home gadgets, industrial wireless control, and wireless monitoring. Using a DIP package, this module 

may be installed straight into the backplane to enable quick product manufacturing. It offers consumers 

a very reliable connection mechanism, making it ideal for use in a range of IoT hardware terminals. 

ESP incorporates a seven-stage pipeline design, two high-performance WiFi, traditional Bluetooth, 32-

bit LX6 CPUs, and BLE Beacon. This device's main frequency adjustment range is 80 MHz to 240 

MHz. In addition, it has on-chip, Hall, and temperature sensors. Images are processed using 

convolutional neural networks (CNNs). CNN is a deep learning algorithm having multiple layers and it 

specializes in image processing. The initial images are pre-processed by applying Gaussian blur for 

better feature extraction. These processed images are then sent to machine learning models for 

classifying whether the person is depressed or not depending upon the expressions. 

 

A full discussion of previous work on facial expression detection may be found in the literature 

review. To solve these machine learning difficulties, they mostly use deep learning. A kind of machine 

learning called "deep learning" is based on the principle of "learning by example." This approach to 

artificial intelligence (AI) trains machines to handle data in a manner that is modelled after the human 

brain. One such deep learning system is CNN, which processes images with exceptional accuracy and 

whose description is provided in full below. 

 

The paper consists of following contents: Literature Review, where we have discussed research done 

on the topic till now. Open Issues showcases a detailed description of drawbacks in the currently used 

technologies. In Proposed Methodology we have provided a clear explanation of our model’s approach. 
Algorithm gives a detailed explanation regarding the algorithm used in the project. Flowchart depicts 

the flow of processes in the model. Acknowledgments as a vote of thanks and lastly the Conclusion 

presenting the closing statements followed by references. 

 

LITERATURE REVIEW  

There has been moderate research on facial expression recognition for depression detection as it has 

useful implementation in medical field. These works had various aspects in focus but a common goal 

was to improve efficiency of the depression detection using facial expression recognition. It mainly 

depends on factors such as lips, eyes, and wrinkles for facial expression recognition to detect depression. 

Different works focused on producing models using various methods for detecting depression are 

discussed further. 

 

Nazira et al. [3] proposed a comprehensive framework for depression detection, integrating advanced 

deep learning techniques with traditional image processing methods. By combining CNN with 

OpenCV, the model achieves robust performance in accurately identifying indicators of depression 
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from image data. Moreover, OpenCV, in conjunction with Haar cascade classifiers, is utilized for face 

detection, a crucial aspect of depression diagnosis. Haar cascade classifiers are trained with a large 

dataset of facial images to detect various facial organs, enabling the identification of human faces within 

images. The accuracy of their detection system is found to be 81%. 

 

Zhu [4] proposed a comprehensive methodology for depression detection by leveraging state-of-the-

art dynamic encoding techniques to capture both short-term and long-term human behavioral 

information. The approach involves frame-level representation, multi-scale short-term facial temporal 

representation, multi-scale long-term facial temporal representation, and depression severity 

recognition. Facial action units (AUs), head positions, and gaze directions are concatenated from 

OpenFace 2.0 detections to create a matrix representation for every video frame in the frame-level 

representation. This matrix captures dynamic face traits that are essential for the investigation of 

depression. In the research, dynamic facial imaging algorithms are extended to store short-term facial 

dynamics, therefore addressing the difficulty of summarizing depression severity from single frames. 

To acquire multi-scale short-term facial behavior information, many time-windows are used. Feature 

vectors are smoothed using the ranking function, and temporal order parameter vectors are obtained 

using RankSVM. 

 

Kantharia et al. [5] discussed in their paper about the two different types of input photos that are 

usually utilized in facial behavior recognition: learning images, which are used to train classifiers, and 

testing images, which are used to assess the learnt classifier. Frequently used sources for these photos 

include face expression picture databases such as MMI and JAFFE. The first phase is face detection, 

which entails identifying the facial region in the input image. Even with the success of many face 

identification techniques, problems with posture variation, occlusion of features, and imaging 

circumstances still exist. Four types of face detection approaches may be distinguished appearance-

based, knowledge-based, feature-invariant, and template-matching techniques. Face detection is 

followed by feature extraction, which creates separable and classifiable vectors by extracting pertinent 

information from the face picture. Processing the frontal face in its whole or breaking it up into 

subsections for information gathering can accomplish this. 

 

de Melo et al. [6] implemented the musculoskeletal disorders architecture. The fundamental building 

element of the MSN architecture consists of many three-dimensional convolutional filters with 

different spatial widths and temporal depths. Identity shortcut connections are employed inside the 

block to help train very deep networks while minimizing overfitting. This is achieved by employing 

residual connections. The resulting network captures extensive spatiotemporal information 

characterizing depressive behaviors. The output of the basic building block is defined by a function 

that learns the residual mapping using rectified linear unit (ReLU) activation functions and batch 

normalization. The first convolutional layer, which down samples the input spatially by a factor of 

two, is followed by successive convolutional layers with different spatial widths and depths. The 

outputs are concatenated to increase the depth of the final features. Within the lingering link, a 

convolutional layer with a 1 × 1 × 3 kernel size and batch normalization is added to guarantee 

compatibility for the sum operation with the input. 

 

OPEN ISSUES 

In existing systems [4, 7], the web-based dataset can include built-in biases, such as inconsistent 

depression categorization or biases related to demographics. Results may be distorted due to biases in 

the dataset that impact the model's capacity to generalize. Normalizing data is important, but not every 

situation will benefit from the particular normalization method that was used. Depending on the features 

of the dataset and the network design, certain normalization techniques could be more appropriate. The 

use of AI systems for mental health diagnosis presents ethical questions about permission, privacy, and 

the abuse of personal information. Strong ethical standards, resolving any prejudices, and fairness 

concerns are important factors that require significant thought. 
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For the system discussed in reference [8], the MSN architecture could not be interpretable, like many 

deep learning models, which makes it difficult to comprehend how the model makes its predictions. In 

scenarios where interpretability is essential, such diagnosing mental health issues, the model's opaque 

structure might impede patients' and physicians' acceptance and confidence. A major factor in the MSN 

architecture's efficacy is the availability and quality of training data. Although face dynamics are 

included in the research, it is unclear how the model may be applied to different demographics and 

cultural situations. Predictions may become skewed or erroneous as a result of biases in the training 

data, particularly if the dataset does not fairly reflect the target population. 

 

Regarding reference [5], using dynamic picture algorithms and spectral techniques, the method 

extracts dynamic representations and concatenates different face action units (AUs), head positions, and 

gaze directions. It is a sophisticated feature engineering process. Implementing and fine-tuning such 

complicated feature engineering procedures may add complexity, raise computing overhead, and call 

for domain knowledge. There is a dependence on the precision and dependability of automated 

recognition algorithms, such OpenFace 2.0, for the identification of facial AUs, head positions, and 

gaze orientations. The efficacy of depression recognition may be impacted by biased or noisy feature 

representations resulting from automated detection method inaccuracies or biases. 

 

PROPOSED SYSTEM / METHODOLOGY 

The proposed system overcomes all the limitations of existing system along with that it works 

efficiently and it is easy to use. So, in the proposed system we are going to develop a user interface and 

will have more focus on recognizing the facial expression for detecting depression. Convolutional 

neural networks, a few machine learning and deep learning algorithms, and a variety of Python modules 

for various operations will all be used in the development of this. 

 

Data Collection and Pre-processing 

We will be using AffectNet [9] a facial expression dataset which contains around 1 million pictures 

gathered from the internet through searches conducted in six different languages on three major 

search engines using 1250 emotion-related keywords We will be using this dataset for training, 

testing, and validating our facial expression detection model. The details of the dataset are provided 

in Table 1. 

 

A region of interest (ROI) will be defined within each frame and visually identified by a blue 

boundary square. The most important thing to do after gathering all the photos is to add a Gaussian blur 

filter on them. Following the collection of all the photos, we will process them using a Gaussian blur 

filter. This is a crucial step in extracting different characteristics and getting the dataset ready for our 

upcoming processes. 

 

Table 1. Dataset for training, testing, and validating  

our facial expression detection model. 

Emotion Total 

Images 

Training 

Images 

Testing 

Images 

Happy 134915 90393 44522 

Sad 25959 18171 7788 

Surprise 14590 11380 3210 

Fear 6878 5227 1651 

Disgust 4303 3098 1205 

Anger 25382 19797 5585 

Neutral 75374 60299 15075 

Contempt 4250 3060 1190 
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Feature Extraction 

In order to make feature extraction easier, we will use a Gaussian Blur filter and threshold operation 

in our subsequent work after capturing frames with OpenCV [10]. In order to minimize noise and 

highlight important visual components in the collected frames, this step is crucial. The processed image 

will then be used as input for our CNN model which consists of various convolutional layers for better 

features and characteristics identification. Features such as facial action units (FAUs) focusing on facial 

muscle movements, intensity of expression, facial landmarks (nose, eyes, contours, mouth, lips), gaze 

analysis and skin texture (pallor or dark circles) will be extracted. These features then will be used as 

criteria for determining depression in our emotion recognition model (ERM). 

 

Model Building 

We will be creating an ERM, which will be trained using the images captured in the data collection 

phase for detecting depression. This tensor flow–based model will be equipped with the ability to 

classify whether a person is depressed or not, mainly using Haar cascade classifier [11]. Testing of the 

model will also be done using the dataset created in the first step. The model will also take time as a 

crucial element into consideration as a person suffering from depression is sad and in distress for a long 

period of time, rather than someone who is only unhappy for a short period of time. Other Python 

libraries are also used in the building of this model such as Keras, Matplotlib, Seaborn, and Numpy. 

 

Real Time Emotion Recognition 

The ESP32 camera module and the ERM will work in unison to provide the user to detect whether 

the person whose facial expression are being processed through the camera, is suffering from 

depression or not. Here the images captured from camera are sent to the trained and tested model which 

then detects the features in the images for depression and give the results accordingly. 

 

Customized Intervention and Support 

Depending upon the result from the model, customized intervention and support will be provided. 

For example, if a person is detected with depression, then the victim and their well-wishers will be 

notified/alerted through messages regarding the mental condition of the victim. Along with that, the 

victim will also be provided with the emergency helplines provided for depression. On the other hand, 

if a person is not suffering from depression, then they will be notified about this accordingly. The 

flowchart of the prosed system is shown in Figure 1. 

 

ALGORITHM USED 

A regularized kind of feed forward neural network, a CNN [12] learns feature engineering on its own 

through filter optimization. It is a particular kind of artificial neural network designed to process pixel 

input and recognize images. It is ideal for identifying and recognizing objects because of which we are 

implementing it in our model for detecting facial expression. It consists of multiple layers, which are as 

follows: 

• Input Layer: The raw images are given as input to the CNN through the input layer. Here, the 

user’s facial expressions are given as input to this layer. 

• Hidden Layers: In order to learn aspects unique to the data, these layers carry out operations that 

modify the data. Convolutional, pooling, and fully connected (FC) layers are among them 

frequently. In our scenario, these layers are used to process the face expression photos. 

• Convolution Layer: It consists of a convolutional kernel (matrix of numbers used in image 

convolution) which is used for extracting features from the input images. Performance of the 

layer is based upon the number of kernels. Here, different features like smile, eyes, wrinkles, 

edges, contour and textures will be extracted. 

• Activation Function: Each layer consists of an activation function which is used to map input 

nodes to output nodes and also in normalizing the output. Now there are various types of activation 

functions but usually ReLU is used in CNN [13]. ReLU is a non-linear function which outputs the 

input directly if it is positive, otherwise it gives output as zero. 
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Figure 1. Flowchart for training and prediction phase of the model. 

 

• Pooling Layer: They are primarily used to shrink the spatial size of the representation, which 

lowers overfitting (information loss) by reducing the number of parameters and calculations in 

the network. 

• Fully Connected Layer: Based on the attributes that were retrieved from the earlier layers, images 

are classified in this layer. The photos will be divided into many classes in this instance. 

• Dropout Layer: This layer is used to prevent over fitting as it nullifies the contribution of some 

neurons towards the next layer. 

• Output Layer: This layer produces the desired final predictions and mainly uses sigmoid has an 

activation function. Here, the model will predict the desired label for the image given as input. 

CNN for facial expression recognition system is shown in Figure 2. 

 

REQUIREMENTS 

Software Requirements 

• Core programming language: Python 3.8 or above. 

• Frameworks: OpenCV, Tensor Flow, Keras, Seaborn, Haar cascade classifier, etc. 

• IDE: Visual Studio Code [14], Jupyter Notebook, Pycharm. 

• Message alert platform: Telegram 

 

Hardware Requirements 

• Computer/Laptop 

• ESP32 external camera module 

Start Start 

Training Phase Prediction Phase 

All text samples 
consisting of depression 
and non- depression for 

training 

A text sample for testing to 
predict the presence or 
absence of depression 

Feature extraction 

Training deep recurrent 
neural network 

Feature extraction 

Prediction using the 
trained model 

Trained model 
Result! 

(depression or non-
depression) 

End End 
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• 64-bit Windows 10 environment 

• Minimum 6 GB RAM and 256 GB SSD 

• Internet connectivity 

 

RESULTS 

The CNN analysis of various face emotions is shown in Figure 3 and confusion matrix of these 

expressions in presented in Table 2. 

 

Evaluation metrics such as precision, accuracy and recall. Model precision is calculated to be 87.1%, 

followed by accuracy of 81.5% and recall of about 88.6%. To compute accuracy, precision, and recall, 

we take the values of the true positives, true negatives, false positives, and false negatives from the 

confusion matrix. 

 

Table 2. Confusion matrix of precision, 

accuracy, and recall. 

Metrics Model Performance 

Precision 0.871 

Accuracy 0.815 

Recall 0.886 

 

 
Figure 2. Convolutional neural network (CNN) for facial expression recognition. 

 

 
Figure 3. Types of facial emotions. 
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CONCLUSION 

The proposed model will definitely play a crucial role in recognition and detection process of 

depression, which will be beneficial for early and better treatment. Facilitating a real-time detection, 

interpretation and then notifying the user regarding their mental state through messages, our model  

will be a stand-out overcoming various drawbacks of other models. Our model uses a CNN,  

which offers cutting-edge precision in image processing. It also makes use of various Python libraries 

for its other functionalities. Through this paper we have given a detailed overview of how, a real-time 

facial expression recognition model for depression detection can be created having high efficiency  

and accuracy. 
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