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INTRODUCTION 

In today's context, leveraging sensors for accurate data collection and employing 

artificial intelligence (AI) for processing information, has become indispensable in 

environmental research and working place conditions. The integration of technologies, such 

as raspberry pi-connected sensors, allows real-time monitoring to further process of air 

quality and pollutant levels. Applying AI techniques to these datasets not only enhances 

result accuracy but also can reveal hidden patterns and trends that might otherwise go 

unnoticed. This combination empowers researchers to gain a deeper understanding of how 

human activities impact the environment and public health, and contrariwise, how their 

variables affect human behavior. Accessing precisely processed data facilitates more 

effective environmental preservation and health promotion strategies, enabling informed 

decision-making in environmental management.  

The United Nations Environmental Program (UNEP) underscores the severity of air 

pollution as a paramount global environmental threat, contributing to an estimated 7 million 

premature deaths annually. Examining the nexus between air pollution and climate change, 

the report, last updated in September 2023, provides a comprehensive overview of the current 

global state of air pollution, major pollution sources, health impacts, and national efforts to 

mitigate the crisis. Highlighting that 99% of the global population in 2019 lived in areas not 

meeting the strictest air quality guidelines [1].  

Understanding the importance of addressing air pollution is essential as it directly 

impacts human health, the environment, and economies. Air pollution, high and low 

temperatures may produce health risks, leading to conditions like heart disease, respiratory 

issues, and more. Additionally, the economic costs associated with preventing and managing 

air pollution are substantial. Governments and industries are actively working on policy 
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reforms and technological innovations to mitigate these challenges [2]. This is particularly 

important as Quito exceeds the air pollution limits allowed by the WHO and the Ecuadorian 

Air Quality Standard according to studies carried out by the Ministry of the Environment of 

Ecuador, the World Health Organization (WHO), the Pan American Health Organization 

(PAHO), some municipalities and universities [3].  

The monitoring of temperature, humidity and CO2 variables might give insight on the 

consequences of population, ecosystems and other. For example, monitoring variables such 

as humidity is crucial to understanding the climate and its impact on ecosystems. Regarding 

$CO_2$, its monitoring can serve as an indicator of climate change due to its contribution to 

global emissions [4]. Even monitoring environmental noise can be of great interest, since it 

can monitor different activities related to mobility and human behavior, thus acoustic 

contamination [2].  

In general terms, the analysis and monitoring of all these variables has the objective of 

studying their possible impact on the environment or human health and development. [5]. 

Likewise, weather conditions can hinder work performance, leading to physical discomfort, 

irritability, and decreased productivity in high temperatures. Temperature may limit outdoor 

activities, affecting collaboration and teamwork. Overall, adverse weather can contribute to 

lower productivity and challenges in group dynamics. 

The Universidad San Francisco de Quito (USFQ) is implementing an innovative 

project that deploys an advanced environmental monitoring station powered by artificial 

intelligence (AI). This station strategically places sensors to measure CO2 levels, 

temperature, humidity and human traffic. Video processing with AI involves the application 

of artificial intelligence techniques to analyze and interpret visual content from videos. Using 

advanced algorithms, AI can identify patterns, objects, and even understand complex actions 

within video footage [6]. 
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The importance of environmental and human behavior is clear, particularly to observe 

the variability of the different parameters in relation to humans. In addition, the study and 

collection of data in the Cumbaya Valley can be very useful to have a better understanding of 

the impact of climate change. In particular, the analysis of these environmental variables 

could serve to inform the USFQ community about the importance of caring for the 

environment and the impacts of climate change due to its activities and understand how 

workplace conditions affect human behavior. 

SYSTEM ARCHITECTURE 

Our proposal includes an electronic device built from the shelf components. Fig. (1) 

shows a high-level system architecture in which the main environmental sensors and power 

solution are presented. 

 

Figure 1. Monitoring Station Architecture 

Power is supplied to the system by a 200W PV which is used to feed the electronics, charge a 

12V-26Ah battery, and supply on-demand energy through external USB-A ports. There are 
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internal USB-A and USB-C power ports that can be used to power external instruments that 

can be added in the future if new environmental variables are to be integrated, or for charging 

other devices. The use of an energy storage system (battery) allows the system to work 

continuously during low radiation conditions, such as for example during the night or due to 

bad weather, where the power generated doesn't supply the system. An additional 12V to 5V 

voltage regulator is used to feed the Raspberry and all the sensors connected to it. [7] 

Regarding the process system, the architecture, Intel has previously developed products like 

the “Neural Compute Stick.” This is a USB device that contains a hardware accelerator for 

artificial intelligence (AI) and deep learning workloads. These sticks are designed to enable 

inference for AI models on devices that lack specialized hardware for such tasks. They 

provide an environment for running inferences at the edge or on peripheral devices, 

eliminating the need to rely on the computing power of remote servers or data centers. [6] 

For communication, the system can work either connected to the internet through Wi-Fi, 

Ethernet or unattached when it is unable to hook-up due to it’s placement in remote locations 

or when the network present failures. In particular, Wi-Fi is a wireless communication 

standard that uses the IEEE 802.11n standard [8] and enables the creation of low-power 

energy efficient networks. It is well-suited for weather stations that aim to share data to the 

router. 

There’s an optional connection which is not implemented but is considered for the future 

with Zigbee. Zigbee allows devices to form mesh networks to share data among each other 

and collaborate to transmit information along the communication chain. Additionally, its low 

power consumption and secure communication make it an excellent choice for further 

application. 
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A. Hardware 

In this implementation only temperature, humidity and CO2 have been considered. The 

station includes the Neural Compute Stick 2 for the image recognition of persons and counts 

them through AI using an HD-USB camera. A complete description of each component is 

provided below, and Table I summarizes the main characteristic of each component. 

 

Table 1. Monitoring Station Component Characteristics and Approximate Cost 

• NCS2 Intel Neural Computer Stick 2: This hardware accelerator designed to 

facilitate the development and deployment of deep neural networks (DNNs) at the 

edge for accelerating AI workloads connected though USB allows an easy integration 

with a variety of devices like the Raspberry Pi 4 to improve performance and 

efficiency of the CPU for image recognition with AI tasks. The module helps with the 

identification of people in the environment. The module consumes 2500mA, making 

it suitable for battery-powered or resource-constrained devices connected directly to 

the USB port of the board. The module is presented in Fig. (2.a). [9]. 

• SHT20Temperature and Humidity Sensor Module: This sensor module measures 

temperature in the environment with an accuracy of ±2 °C and humidity with an 

accuracy of 5% which perfectly suits this application. The module can produce 

readings in °C or °F as a digital voltage ranging from 3.6V . The device can sink up to 

15mA. In this system, the voltage supply is 3.6V. Fig. (2.b) shows the module. [10]. 
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• MG811 CO2 Sensor Module: This is a sensor module which is highly sensitive to 

CO2 and less sensitive to alcohol and CO, with a low humidity and temperature 

dependency. It is working voltage ranges from 1.0V to 3.3V and has a 0.16mA 

current consumption. The module is supplied with 3.3V directly from the Arduino 

board. Fig. (2.c) shows the module. [11]. 

• B086MM9FX4 HD-USB Camera Web: The Web camera is required to give the 

image which the AI is going to be performed collected the frame giving the 

information to the NCS2 to do image recognition in the environment. This module 

can work with a supply voltage of 5V and has a 300mA current consumption in the 

worst scenario where the camera needs to adapt the light. Fig (2.d) 

• Raspberry Pi 4: To keep the system low cost, and user-friendly specially working 

with the NCS2 for the AI image recognition which is effective and low-cost into the 

small single-board computers (SBCs) which is based on ARM Cortex-A72 processor. 

This board allows for sufficient computational capabilities and has a rich number of 

IO’s and analog channels for this project including ports with high functionality for 

communication like Bluetooth, Ethernet and Wi-Fi. 

 

Figure 2. Monitoring Station Components 
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The power supply solution draws energy from a 200W PV and can charge the energy storage 

system (12V 26Ah battery) and provide sufficient energy to supply the Raspberry Pi 4 board 

and all the module components presented in annex B. The solution also feeds a USB port 

module, which can be used to power external devices. The battery has been sized to last 

about 24 hrs supplying all the considered modules. Table II presents the system current 

consumption.  

 

Table 2. Monitoring Station Current Consumption 

A system depiction is presented in Fig. (3). This figure mimetices the hardware connections 

and interfaces. 

 

Figure 3. System Internal Connections 
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For the system enclosure we use a metallic box with adapted for an IP65 certification in 

which it is possible to protect the Battery, the rectifier and the Raspberry Pi 4 board from the 

climatic conditions where sensor modules are placed within the board box and are securely 

wired using appropriate connectors. The modules are sufficiently protected from 

environmental conditions such that they will not get in direct contact with water. It is 

expected however that these modules will eventually fail, but the system is designed so it is 

easy to replace them though an easy plug and play for the main components. 

B. Software 

The use of the Raspberry Pi 4 platform greatly facilitates the programming of the system 

using Ubuntu. The system comprises four main software tasks: data-acquisition, data, data-

storage, and communication. 

1. Data-Acquisition and Processing: The sensor modules employ either an analog 

or digital interface. Data acquisition occurs at a rate of 1 sample per second, 

processed as a 5- minute average, and accurately timestamped using the board’s 

Real-Time Clock. It’s crucial to emphasize that, in this context, population count 

compilation refers to the total number of individuals present in the environment 

throughout the entire day. 

Python is used to manage the sensor modules, streamlining integration through 

libraries and packages that enable communication via SPI com-ports of the 

Raspberry Pi 4. The software for the sensor modules conducts signal 

transformation to derive precise values from the sensors. 

To implement AI, the Intel®OpenVINO Toolkit serves as an open-source solution 

tailored for optimizing and deploying AI inference across diverse domains. It 

caters to applications ranging from computer vision, automatic speech 
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recognition, and natural language processing to recommendation systems and 

generative AI. 

The recently released version, OpenVINO 2023.2, introduces several features, 

improvements, and deprecations aimed at enhancing the developer experience. 

Upon AI identification, we implement Python code employing libraries provided 

by OpenVINO. The base model, implemented with a focus on high-resolution 

images, integrates a USB-camera. The USB camera requires the use of CV2 

drivers on Ubuntu to recognize the camera on specific ports. [12]. 

The system operates by uploading frames captured by the camera, which are then 

processed for recognition. The model employs mesh-based identification, 

delineating a zone of interest in pixels where the AI concentrates its focus. 

Initially, it ensures and focuses on the broader environmental view to gauge object 

distance for an optimal zone of interest and improved AI performance. 

Subsequently, the focus narrows down to the delimited zone, enhancing 

performance on a new pixel area rather than the entire video range. This refined 

range captures static elements of the environment, facilitating the identification of 

any abnormal objects in the analyzed frame. The NCS2 model takes full 

advantage of the Video Processor Unit (VPU), thereby optimizing CPU usage for 

other tasks on the Raspberry Pi 4. When a person is recognized, using the tracking 

model the system identifies the detected person and simultaneously counts it 

alongside in the frame. 

The implemented system uses ResNet-50, which is a convolutional neural 

network (CNN) architecture designed for image classification tasks. Its key 

feature is the use of residual blocks, incorporating shortcut connections to mitigate 

the vanishing gradient problem in deep networks. 
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The neural network is designed for video action recognition, that captures 

information at different temporal speeds in a deep residual neural network with 50 

convolutional layers. For ResNet-50 this combination excels in recognizing 

actions in video sequences. This network is typically implemented using the 

training model in PyTorch and is integrated for its ability to handle intricate video 

details converted by OpenVINO for efficient inference. [13]. 

2. Data-Storage: The Raspberry Pi 4 employs a memory card (Micro SD) to store 

its program and interface with storage. The software for this application takes up 

about 31.2 gigabytes. The card can store considerable information for extended 

periods presented in table II, which is especially useful when the communication 

link is not available. 

 

Table 3. Micro SD size for storage 

It is possible to keep track of every person count during the day, but exporting this 

amount of data exceeds the storage capacity of the card. This not only makes it 

challenging to store all that information but can also slows down the Raspberry Pi 

4. The AI functions require a considerable amount of resources and generate a 

continuous exchange of data with the memory card, which affects the overall 

performance.  

Due to this reason, an external database server has been setup to store data coming 

from the monitoring station. The server is internet compatible, which means it can 
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be accessed by Wi-Fi or ethernet. Future work can implement remote storage 

using a cloud service. 

3. Communications: The main code contains extensions to facilitate the connection 

with MySQL from Ubuntu and Python. The server and the monitoring station 

must be in the same network for the system to connect. 

Since the Raspberry Pi 4 does not have an internal battery, the timestamp can be 

lost id the device suffers a power failure. The system time is automatically 

updated as long as the system is able to connect to internet clocks through the 

operating system. 

The Raspberry program is able to send three commands to the database through 

the link: update, insert and get. The update function modifies the measured 

variables. This ensures that the system knows which data to export based on the 

current daytime, which becomes crucial in case of any server blackout or 

unforeseen circumstances. The program continues running seamlessly, adapting to 

disruptions and maintaining functionality or connectivity. Afterwards, Insert 

exports data in the format: (count, date, last-update) according to the table created 

in MySQL. Finally, the get command archives the count of persons. Only the total 

number of people count by day or each time the count increments is exported to 

the database. Currently the system sends the total day count. This can be 

configured by the user according to the amount of data required. 

EXPERIMENTATION AND RESULTS 

The current weather information in Quito, Ecuador, was sought on the AccuWeather 

page. Detailed comparisons were conducted between the data obtained from this source and 

the readings from our environmental sensor. During the analysis, a notable alignment was 
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observed between the sensor results and the weather forecasts provided by AccuWeather. 

This comparison is crucial in evaluating the accuracy and reliability of our sensor 

measurements [14]. 

A. Connection Box 

The Connection Box is a sealed enclosure designed to prevent water ingress. 

Equipped with IP65-rated protectors, it ensures watertightness for cables entering or 

exiting the box. Internally, it is securely fastened with screws to enhance its sealing. 

Aesthetically, it presents a neat and well-maintained appearance, providing a robust 

and visually pleasing solution to safeguard electrical connections in outdoor or damp 

environments show in Fig. 4 and 5 

 

Figure 4. Connections Box  
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Figure 5. Box on the outside 

B. Temperature Results 

The temperature graph reveals two distinct datasets: one sourced from a sensor 

and the other from an online platform. The noteworthy observation is the striking 

similarity in the range of values between the two sets of data. It is important to 

acknowledge that the web-based information provides precise values, whereas the 

sensor data demonstrates a higher degree of accuracy, as shown in Fig. 6 

 

Figure 6. Temperature results from sensors vs web 
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C. Humidity Results 

The humidity graph also presents two sets of data: one obtained from a 

humidity sensor and the other from an online source. Notably, a discernible pattern 

emerges, indicating an inverse relationship between humidity and temperature. As the 

temperature increases, the humidity levels tend to decrease. Fig 7 

 

Figure 7. Humidity results from sensors vs web 

D. CO2 Results 

The concentration of carbon dioxide (CO2) tends to increase in the presence of 

people in a confined space due to human respiration. When people exhale, they 

release carbon dioxide as part of the respiratory process. In spaces with inadequate 

ventilation, CO2 can accumulate over time, especially in closed environments or those 

with poor ventilation systems [15].  

Elevated CO2 levels in the air can not only affect air quality, but also have 

implications for the health and well-being of individuals. Prolonged exposure to high 

CO2 levels can lead to symptoms such as headaches, fatigue, lack of concentration, 
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and overall discomfort, contributing to what is known as the sick building syndrome. 

Fig. 8 

 

Figure 8. CO2 results from sensors vs web 

E. Video Processing Results 

The system can display in real-time the results of the video processing coming 

from the NN, emphasizing the frame mask and region of interest (roi) as presented in 

Fig. 9. Notably, the implemented model demonstrates robust performance even under 

challenging conditions, such as very opaque visibility, which exemplifies an extreme 

case. 

 

Figure 9. AI person Recognition and counting 
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It's important to highlight that the information is not only processed for accurate 

person counting but also for persistent display on the screen. This ensures that the 

results are not only dynamically generated but also recorded for ongoing reference. 

Moreover, the system's ability to operate effectively under extreme visibility 

conditions showcases its resilience and reliability. As we continue to refine and 

enhance the AI model, we're exploring additional features that could contribute to the 

overall functionality of the system. 

F. MySQL Server Tables 

With the implemented system for the Raspberry Pi 4 the results can be 

visualized in real-time on MySQL Server where sensor data can be displayed, and the 

count of persons as illustrated in Fig. 10 

 

Figure 10. MySQL Sensors Table 

On the other table, the results of the people count can be visualized in real-

time on MySQL Server showing the total count of persons by the day as illustrated in 

Fig. 11 

 

Figure 11. MySQL People Count Table 
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CONCLUSIONS AND FUTURE WORK 

This system serves as a low-cost environmental monitoring solution designed for 

different locations, whether accessible or remote. It can store measurements locally or 

transfer them via IoT's communication interface. It's especially useful in areas lacking readily 

available energy. The system incorporates a power supply solution with photovoltaic (PV) 

panels and an energy storage system. The deployment of this station is targeted for both 

urban and environmentally sensitive locations holding an IP65 certification. Also verified for 

heavy rainfall and dusty environments, where the principal use of low-cost common sensors 

is easy to replace in case of external damage and has easy replacement. Measurements 

obtained were compared with web pages, proving that the data range is correct. 

The robust box design ensures prolonged operation, due to the energy storage solution with 

low power consumption of The Raspberry Pi 4 using AI based system. Allowing real-time 

visualization of the results of the sensors and the people count through a MySQL Server 

tables, preventing loss of the data from a black-out and for an easy extraction of the data for 

further analysis. 

For future work include other sensors for more environmental information, also 

develop a user-friendly graphical interface to read data on a web page (like Arduino Cloud or 

Web design). Additionally, employ artificial intelligence for data processing into the server to 

predict weather conditions. This continuous improvement will enhance the system's 

functionality and contribute to its effectiveness in environmental monitoring. 
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ANNEX A: USER GUIDE 

To set up the Raspberry Pi 4 when it is turn-on from the Terminal as shown in Fig. (A-1), its 

important to enter the environment generated within the system with the command source 

openvino_env/bin/activate. Then within it go to the folder cd Downloads selecting the name of 

the project cd object_tracking and run the program with the python command python 

processvideodb.py, with which the program runs. You will be able to see from the terminal 

how measured data is printed in real time. 

 

Figure A-1. System Program set-up 

The connection of the station with the MySQL server is accomplished as long as both entities 

are in the same network as is presented in Fig. (A-2). 

 

Figure A-2. Server IP Verification 
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It is important to verify the address typed into the program to recognize the destination of the 

data. While the program is running, we can see on the CMD of the server the verification of 

connection between the Raspberry Pi 4 as presented in Fig. (A-3). 

 

Figure A-3. IP link Server-Raspberry Pi 4 

At this point, the connection if there are no connection errors, which means that data is being 

received without problem as presented in Fig. (A-4). 

 

Figure A-4. MySQL Server Interface recognition 



28 
 

 

ANNEX B: UNIFILAR DIAGRAM 
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ANNEX C: CO2 SENSOR DATASHEET 
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ANNEX D: SHT20 DATASHEET  
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