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Recognizing the emotional state of employees is an urgent task, as it allows assessing the 

stress level and well-being of the staff. Emotional burnout and psychological state have a direct 

impact on work efficiency, level of engagement and employee satisfaction. Modern artificial 

intelligence and computer vision technologies provide automated analysis of facial expressions, 

which allows objective real-time monitoring of emotional state. 

Existing solutions include the use of questionnaires and psychological tests, but they are 

subjective and time-consuming. In contrast to these methods, the proposed system analyzes 

employees' facial expressions automatically, providing a more accurate and rapid assessment of their 

emotional state.  

Computer vision is a branch of artificial intelligence that deals with the development of 

systems that can analyze and understand images and videos like the human eye. This technology 

allows computers to “see” and interpret the world around them, recognize objects, faces, text, analyze 

scenes, detect motion and much more. allows. The principle of computer vision is based on the use 

of algorithms and methods of image processing and machine learning. One of the key elements of 

computer vision is machine learning, which allows computers to “learn” from large amounts of data 

and draw conclusions based on this experience. For example, using neural networks, a computer can 

recognize faces in photos or videos, classify objects in images, analyze medical images, etc. 

One of the key features of the developed system is the use of Raspberry Pi single-board 

computer as a hardware platform. Raspberry Pi provides ease of deployment and reduces the cost of 

system implementation. 

The main advantages of using Raspberry Pi are: 

− Compact and power efficient, allowing the system to be deployed in different 

work areas without significant cost. 

− Support for camera modules for video capture, providing sufficient image 

quality for face and emotion recognition algorithms. 

− Ability to integrate with cloud services such as Google Cloud Firestore to store 

and analyze data in real time. 

The software part of the system was adapted to run on Raspberry Pi with optimization of 

computational loads, which allowed to achieve stable operation even in conditions of limited 

hardware resources. 

Machine learning and computer vision techniques were utilized in the study. The main 

technologies include: OpenCV – for image processing and video manipulation, DeepFace – for 
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analyzing emotions, Face-recognition – to identify employee faces, Google Cloud Firestore – for 

storing data about employees and their emotions. 

The system includes several key steps: 

1. Camera image capture and pre-processing. 

2. Face detection and identification using face-recognition. 

3. Emotion detection using DeepFace trained on a large dataset of face images. 

4. Saving the results in the Google Cloud Firestore database. 

5. Analyzing the obtained information and generating reports. 

6. The record_emotion algorithm captures an employee's facial expression and 

matches it with the database. If there is no match, the system notifies about an unregistered 

face. 

 OpenCV library is used to get frames from Raspberry Pi camera. The cv2.VideoCapture(0) 

method is used, which provides streaming video capture. Converting the image to grayscale: 

cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY). Luminance normalization is performed to increase 

contrast and improve recognition quality. 

A face-recognition library is used, which applies the histogram oriented gradient (HOG) 

method and convolutional neural networks (CNNs) to find faces. 

The face_recognition.face_locations(frame) method determines the coordinates of faces in the 

frame. Embeddings (vector representations of faces) are computed using 

face_recognition.face_encodings(frame, face_locations). Embeddings are compared with the 

employee database using the Euclidean distance method. If there is a match, the face is identified as 

a particular employee. 

The DeepFace library is used, which applies pre-trained models (VGG-Face, OpenFace, 

DeepID) to analyze facial expressions. The DeepFace.analyze(frame, actions=['emotion']) function 

is called, returning a probability distribution of emotions (joy, sadness, anger, etc.). The recognized 

face and emotion data is sent to Google Cloud Firestore using Firestore APIs. The method used is 

db.collection('employees').document(employee_id).set(data), where data contains the employee's 

name and emotional state. The system analyzes changes in emotions over time and creates statistical 

reports. In case of significant deviations from the norm, the system sends notifications to the manager. 

A sample of 50 employees participating in the experiment was used for testing. Measurements 

were made on different days and in different environments (office, remote work, meeting rooms), 

which allowed us to evaluate the stability of the algorithms. 

Analysis showed that the system successfully identified employees with ≈90% accuracy, and 

emotion recognition achieved 85-88% accuracy. The greatest difficulties were encountered in the 

cases of insufficient lighting resulting in poor image quality, partial covering of the face (glasses, 

masks, head turns), individual features of facial expressions affecting the correctness of emotion 

classification.  

 

 
 

Picture 1. Data collected in Firebase database 

 



 

  

One employee was selected as the object of the study and was monitored at a fixed interval of 

10 minutes. As a result of the monitoring, statistics on the employee's presence and his emotional 

state during the working day was collected. It was revealed that the employee was at the workplace 

85.2% of the total time, with periodic absences during lunch break and short breaks. The analysis of 

the emotional state showed the following results: joy - 14.8% of the time, neutral state - 53.7% of the 

time, sadness - 9.3% of the time, surprise - 3.7% of the time, anger - 3.7% of the time. On the basis 

of the obtained data an analytical diagram reflecting the dynamics of changes in employee's emotions 

during the day was drawn up. 

 

 
Picture 2. Diagram based on the results of the experiment. 

 

The developed system demonstrates high efficiency in recognizing employees' faces and 

emotions. Automated monitoring of the psychological state of personnel can help employers to create 

comfortable working conditions, reduce stress levels and increase employee motivation. 

Further research can be aimed at expanding the set of recognized emotions through more 

complex models and additional parameters (stress level, fatigue), optimizing algorithms to increase 

processing speed on resource-intensive platforms such as Raspberry Pi, integrating the system with 

other monitoring modules, including speech and biometric data analysis, for a comprehensive 

assessment of employee condition. 

Thus, the developed system represents a significant step towards intelligent analysis of 

employee behavior using computer vision and artificial intelligence. 
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