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Abstract— This early land fire detection system uses a Raspberry Pi 4B device integrated with RGB- and HSV-based color filtering 

methods, as well as a target mask module. The Raspberry Pi system connects to Google Drive via an OAuth client to store detection 

results. Additionally, a device running the YOLOv8 algorithm is used for validation to determine whether detected objects are fires or 

not. The validation results from YOLOv8 are then sent to Telegram via a chat bot in daytime testing, the system used a confidence 

threshold of 0.25 and achieved a total confidence of 43.6%, an average transmission time of 5730.30 ms (approximately 5.73 seconds), 

and an accuracy rate of 70% for the captured images. Meanwhile, in nighttime testing, the accuracy increased to 86%, with an average 

confidence of 49.07% and an average detection time of 115.20 ms. However, the YOLOv8 algorithm can still produce false negatives if 

the test data or model training data lacks sufficient variation. 
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I. INTRODUCTION 

A bushfire is a fire that takes place in the wild, but can also 

destroy nearby homes and farmland. Some of the common 

triggers for fires include lightning, dry land, human 

carelessness, and setting fires by accident[1]. Between 2002 

and 2016, an estimated 4,225,000 km² of land was burned due 

to uncontrollable fires. These events significantly affect 

wildlife and human life [2]. 

Early detection of forest fire is beneficial to reduce fire 

losses and protect the ecological environment. Various 

methods such as manual inspection, ground sensor monitoring, 

and satellite remote sensing have traditionally been employed 

for fire detection[3]. 

IoT is very broad and can be integrated with various 

applications and devices, such as the telegram application The 

bot account functions as an interface for code that is run on the 

chatbot application developer's server. Telegram supports 

secure text, audio, video, and image messaging[4].In 

Additional IoT   adoption   also   faces   significant   cost 

challenges in the construction and operation of communication 

infrastructure, especially when seeking to develop networks on 

a smaller scale.  Nevertheless, this has prompted markets in 

developing countries to offer affordable IoT connectivity 

services.   This   challenge   is   a   major   focus   for   many 

organizations and companies that are trying to implement IoT 

technology, especially in terms of infrastructure development 

cost efficiency and increased accessibility to IoT connectivity 

across a wide geographical area[5]. 

Digital Image Processing is a field of science that studies 

how an image is formed, processed, and analyzed so as to 

produce information that can be understood by humans. Digital 

Image Processing is a series of attempts to transform an image 

or image into another image using certain techniques. An 

image is a two-dimensional image that can be displayed on a 

computer screen as a set or discrete digital value called a pixel 

or image element. Mathematically, image is a continuous 

function of the intensity of light on a two-dimensional plane[6].  

Using google drive as an intermediary the use of cloud 

storage services for electronic data exchange offers the 

potential for greater efficiency in data management and can 

reduce data storage costs[7]. 

Image processing-based using method RGB image data is 

typically converted into HSV color space to isolate fire-like 

characteristics[8].YOLOv8 model shows significant 

improvements over previous models. A significant 

improvement is the shift from an anchor-based strategy to an 

anchor-free strategy for bounding box regression 

. The anchor-free strategy abandons the use of anchor boxes 

and instead uses a probability regression method based on the 

midpoint for bounding box regression[9]. 

Based on test results conducted at two different times—

daytime and nighttime—the system uses a confidence 

threshold of 0.25. In the daytime test, an average confidence of 

43.6% was achieved, with an average data transmission time of 

5730.30 ms, or approximately 5.7 seconds. From the 15 test 

images, an accuracy of 70% was achieved, with 14 true 

positives and 6 false positives. These results indicate that the 

system is capable of detecting signs of fire during the day, 

although there are still some false detections of non-fire 

objects. 

During night-time testing, the accuracy value increased to 

86.67%, with an average detection time of 115.20 ms. From the 

15 test images taken at night, there were some instances when 

the YOLO algorithm did not detect objects that should have 

been classified as fire. These conditions include false 

negatives, where the fire object is not detected by the model. In 
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fact, at night, the fire and the background have a very stark 

color contrast. This error is likely due to a lack of variation in 

the training data for the fire and non-fire classes, meaning that 

fires with colours similar to white are not recognized as fire 

objects by the YOLO algorithm. 

Other journals report that detection accuracy decreases with 

distance, and camera height can reduce nearby object accuracy. 

FFYOLO highlights fire detection as a multi-source RGB data 

fusion process. 

Overall, the device has been able to fulfil its main purpose 

as an early fire detection system. The system can detect 

indications of fire, validate them using YOLO, and send the 

detection results as visual information. With this system in 

place, fires are expected to be detected earlier, helping to 

prevent larger fires.  

 

II. METHOD  

Fig.1 shown, this monitoring system is designed to monitor 

the land area which is divided into 2 different areas, namely 

area 1 and area 2, with an image processing system. The main 

purpose of this system is to detect environmental conditions in 

real-time and provide early warning of potential land fires. The 

system utilizes a Raspberry Pi, which runs a deep learning 

model using the YOLOv8 algorithm. 

 
Figure 1 Research Schame 

The camera captures image frames, and the Raspberry Pi 

processes these using RGB threshold filtering to assist in 

detecting fire-like features. Once detected, the image data is 

stored in a local database. From there, the processed image that 

detected fires are sent to the Telegram application, allowing 

users to monitor both areas remotely in real time. 

1) Block Diagram 

Fig.2 illustrates the system architecture for real-time land 

fire detection. The system uses two cameras, Camera 1 and 

Camera 2, to capture image frames from two different 

monitored areas. These image frames are then sent to the 

Raspberry Pi, which functions as the central processing unit. 

 
Figure 2 Block Diagram 

On the Raspberry Pi, the captured frames are processed using 

a YOLOv8 deep learning algorithm along with RGB threshold 

filtering to identify potential fire. If fire is detected, the 

processed data is stored temporarily in Firebase, which acts as 

the cloud-based database and intermediary for data 

synchronization. From Firebase, the system integrates with the 

Telegram application to send real-time notifications— 

including sensor status or fire detection alerts—to users. The 

captured images from the USB camera detection will be stored 

on the SD Card as a backup and uploaded to a Google Drive 

folder using an ID that is utilized to identify and access specific 

items via the Google Drive API[10]. Application Programming 

Interface (API) is a set of rules within software that enables 

access to or use of services and resources owned by other 

software that have been integrated into that API. The benefit of 

an API is that it serves as a bridge between two different 

software systems[11]. 

2) Flowchart System 

The flowchart can be seen in Fig. 3 which can be explained. 

When the frame captures fire by color filtering RGB and HSV. 

Masking takes the frame that not indicates fire by colour 

filtering then will be immediately the captured image will be 

sent to Google Drive and YoloV8 will predict that is true fire 

or not if detected fire by yolo then user will get notification 

from telegram.Fig.3 shows the overall flow of how the system 

works, from the initial input to the generation of the output in 

the telegram (user).  
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Figure 3 Flowchart System 

By completing the processing of the frame, the captured 

image will be sent to and Telegram will take the image in 

Google drive so that it can appear on the user. If the yolov8 

algorithm doesn’t consider object it will pass and detect next 

object on database.  

3) Image Processing Workflow 

The image processing begins when Camera 1 and Camera 2 

capture real-time frames in RGB format, which is the standard 

colour space produced by most digital image sensors. These 

RGB images serve as the direct input to the YOLOv8 deep 

learning model for object detection, where potential fire 

regions are identified. In parallel, the same RGB image is also 

converted into the HSV (Hue, Saturation, Value) colour space 

to isolate fire-like colour characteristics using threshold 

filtering. The result from both the YOLOv8 detection and HSV 

filtering is then processed by the target mask module, which 

combines and highlights the most probable fire areas. The 

system generates four output visuals—original image, RGB 

input, HSV conversion, 39 and target mask—which are 

combined and sent via Telegram bot as a real-time alert to the 

user.  

 
Figure 4 Flowchart Fire detection 

On Fig.4 is workflow of the program. First is The input 

being an image captured by RGB and HSV. The process 

involves The remaining pixels are assigned a value of 0 (black). 

This masking makes it easier to isolate objects from the 

background, while also serving as the basis for the next 

segmentation stage. With the mask in place, quantitative 

analysis can be performed more accurately, such as calculating 

the percentage of a color area or the average HSV value[28]. 

Red Green Blue (RGB) is a color space used in digital image 

processing to represent colors based on the red, green, and blue 

(RGB) components. 

4)  Colour Filtering  

The image classification problem is one of the challenging 

tasks in the image processing domain. In the past, traditional 

image processing techniques utilized RGB channel comparison 

to detect different objects, such as fire in frames. These 

traditional methods are not free of errors and are not fully 

reliable. For instance,  

 
Figure 5 Red Green Blue & Hue, Sue, Value  

RGB value comparison methods that usually consider a 

threshold value to detect fire may detect sunset and sunrise as 

a false positive outcome [12]. Hue, Saturation, Value). First, 

Hue (H) is the type of colour (e.g. red, green, or yellow). Hue 

represented as angular degrees whose values range from 0° 

until 360° (although for some applications it is normalized 

from 0% to 100 to 100%).Second, Saturation (S) is represented 

as the distance from the bright black-white axis. Its value 

ranges from 13 0% to 100%. And the last one is Value (V), 

which is at the height of the axis represented as black-white. 

Possible distance values range from 0% to 100%. A value of 0 

is always black. Based on saturation, 100 can be white or more 

or less saturation[13] . 

5) You Only Look Once Algorithm 

The YOLOv8 model manifests significant enhancements 

over its predecessors. A significant advancement is the shift 

from the anchor-based strategy to the anchor-free strategy for 

bounding box regression. Anchor-free strategy abandons the use 

of anchor boxes, instead employing a method of probability 

regression based on the centre point for bounding box regression. 
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Figure 6 YOLOv8 Structure workflow 

 The anchor-based strategy performs well in fixed datasets or 

scenes with consistent object distributions. However, its 

performance may falter in complex forest fire detection 

environments. In contrast, the anchor-free strategy is more 

suitable for forest fire detection parameters[14]. 

6) Raspberry Pi 

Using The Raspberry Pi is used to run office programs, 

computer games, and as a media player for high-resolution 

videos. Its performance is comparable to that of a desktop 

system. Memory: It offers RAM options of 1GB, 2GB, or 4GB 

LPDDR4-2400 SDRAM. Connectivity: Dual-band 802.11ac 

wireless networking, 2.4 GHz and 5.0 GHz IEEE 802.11ac 

wirelessO[15].  

 

 
Figure 7 Raspberry Pi 4 Model B 

 The Raspberry Pi 4 Model B display shown in Fig.7 is adopted 

in this work as an intelligent device with the Raspbian open-

source operating system. Program writing is done using Python 

programming language, with other python libraries such as 

Natural Language tool kit, OpenCV and Teleport. The Natural 

Language toll kit executes commands sent through the 

Telegram bot, while OpenCV serves as a framework for 

synthesizing machine learning-based algorithms and computer 

vision applications[16].  

III. RESULTS AND DISCUSSION 

This research was conducted on “Jalan Warinoi Dalam, 

RT 04/RW 14”, on a 7 x 11 meter2 plot of land. It features a 

variety of trees, including mango, guava, and durian trees, as 

well as cassava and various non-tree plants. The plants in this 

area range in size from small to large, making it ideal for 

conducting experiments. 

 
Figure 8 Place  Condition Land for research  

This location is considered strategically advantageous, as it 

is supported by a reliable internet connection that is accessible 

in the area. Fig.8 shows the actual condition of the orchard, 

including the arrangement of the plants and the environmental 

characteristics. The research was conducted from February to 

May, covering testing, simulation, and data collection. 

1) Time Detection to notify 

The required transmission time is shown in Fig.9. The graph 

indicates that most of the data transmission times are relatively 

stable, while a significant spike occurs at the second data point. 

This spike was caused by an internet connection outage during 

the transmission process. which increased the upload time. 

 

Figure 9 Detection to ms graph 
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Therefore, the stability of the internet connection plays an 

important role in the performance of the early fire detection 

system. To calculate the average, we use the following formula: 

𝑀𝑒𝑎𝑛 =
𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑡𝑎 𝑑𝑎𝑦 + 𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑡𝑎 𝑛𝑖𝑔ℎ𝑡

𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑡𝑎
 

And the data will be obtained by dividing the total amount of 

data collected during the day and night into: 

 

𝑇𝑜𝑡𝑎𝑙 =
117325,64 + 82586,99

30
= 6663,75 𝑚𝑠 

And the average of the data obtained from the daytime and 

nighttime studies is 6,663.75 ms, or seconds. 

2) Processing Time Colour Filtering and yolov8 

The detection process tends to be very fast, both during the 

Raspberry Pi detection stage and during the validation process 

using the YOLO algorithm. This indicates that the system is 

capable of performing the detection process in a relatively short 

amount of time. By calculating the average as in the previous 

step using the average formula: 

𝑀𝑒𝑎𝑛 =
𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑡𝑎 𝑑𝑎𝑦 + 𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑡𝑎 𝑛𝑖𝑔ℎ𝑡

4
 

𝑀𝑒𝑎𝑛 =  
34,75 + 91,45 + 31,16 + 96,98

4
 

𝑀𝑒𝑎𝑛 = 65,5822 𝑚𝑠 

So, the result is 65.5822 milliseconds, or 0.06 seconds 

Detection based on color filtering and target masks works quite 

well in capturing indications of fire color, while YOLO is used 

to validate the detected objects. However, based on the test 

results, there are still some conditions where the YOLO model 

is not yet able to recognize fire objects optimally. 

 
Figure 10 Detection and YOLO Graph 

 This indicates that the model still has limitations, primarily 

due to a lack of training data variation. Therefore, adding a 

dataset with variations in fire shape, fire color, object position, 

camera distance, and lighting conditions is necessary for the 

YOLO model to improve its detection capabilities 

3) Confidence Rate Algorithm YOLOv8 

The average confidence score shown on fig.11 falls into the 

moderate category because the system uses a confidence 

threshold of 0.25. This threshold allows the model to continue 

detecting objects with low confidence scores as long as they 

exceed this minimum threshold 

 
Figure 11 Confidence Rate 

      The threshold of 0.25 was chosen to make the model more 

sensitive to signs of fire. And the average data that have gotten 

by research by : 

𝑀𝑒𝑎𝑛(%) =
𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑡𝑎 𝑑𝑎𝑦 + 𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑡𝑎 𝑛𝑖𝑔ℎ𝑡

𝐷𝑎𝑡𝑎 𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑
 

𝑀𝑒𝑎𝑛(%) =
9,156 + 6,38

33
 × 100 

𝑀𝑒𝑎𝑛(%) = 47,08% 

The average confidence value from the combination of 

daytime and nighttime testing reached 47%. This value 

indicates that the model’s confidence level is in the moderate 

category using a confidence threshold of 0.25. The use of a low 

threshold aims to allow the system to detect small fire objects, 

which are critical to identify in the early stages of a fire. 

However, using a low threshold can also increase the likelihood 

of false positives, so the detection results still require validation 

from the YOLO model. 

The results of the research should be written clearly and 

concisely. Discussions consider outlines the importance of 

research, not repeat it. Avoid excessive uses quotations and 

discussions about literature published. 

4) Google Drive 

The detected images are first saved to Google Drive after the 

Raspberry Pi detects an object using the color filtering method. 
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At this stage, the Raspberry Pi detects signs of fire based on 

color characteristics that match a predetermined threshold. 

 
Figure 12 Google drive 

If the YOLOv8 validation results indicate that the object 

belongs to the fire class, the image will be sent to Telegram as 

a notification to the user. With this workflow, the system has 

two processing stages: initial detection using color filtering on 

the Raspberry Pi and subsequent validation using YOLOv8 

before the final result is sent to Telegram. 

Thus, the output sent via Telegram consists of images of 

detection results from the Raspberry Pi that have undergone 

color filtering. In the initial stage, the Raspberry Pi detects 

indications of fire based on color characteristics that match a 

predetermined threshold. Once a fire indication is detected, the 

image is then processed and validated using the YOLOv8 

algorithm to confirm whether the detected object truly belongs 

to the fire class or not. 

 
Figure 13 Telegram Output 

This process gives the system two validation stages: initial 

validation using the color filtering method on the Raspberry Pi 

and advanced validation using YOLOv8 as the object detection 

algorithm. With these two validation stages, users can receive 

detection results via Telegram in the form of images, making 

the information clearer and usable as visual evidence of fire 

indications. users benefit from two validation stages: an initial 

color-based validation by the Raspberry Pi and a subsequent 

object-detection-based validation by YOLOv8. 

IV. CONCLUSION 

Based on the test results, the early fire detection system 

performs quite well in terms of detection time, data 

transmission, and confidence scores. The detection process on 

the Raspberry Pi and validation using YOLO showed relatively 

fast response times, enabling the system to support early fire 

detection.  Based on the overall experimental results, the 

proposed fire detection system was successfully implemented 

using Raspberry Pi 4 Model B, color filtering, and the YOLOv8 

algorithm. The system achieved an average overall processing 

time of 6663.75 ms, with an average color filtering processing 

time of 65.89 ms and an average YOLOv8 processing time of 

188.43 ms. In addition, the system obtained an average 

confidence score of 47.08% during the testing process. These 

results indicate that the proposed system is capable of 

performing automatic fire detection and processing image data 

within an acceptable processing time while maintaining real-

time monitoring capability. Although the system has 

demonstrated its functionality in detecting fire and delivering 

detection results, further improvements are still required, 

particularly in dataset diversity, model optimization, and 

hardware performance, to improve detection accuracy, 

confidence, and overall system reliability in real-world 

environments.  However, data transmission still faces 

challenges influenced by internet connection stability, as 

evidenced by the spike in transmission time for the second data 

set due to network disruptions. In terms of confidence, the 

average value obtained falls into the moderate category 

because the system uses a confidence threshold of 0.25. The 

use of a low threshold aims to ensure the system can still detect 

small fire indications early on, making it suitable for early fire 

detection needs. However, a low threshold also increases the 

likelihood of false positives, so validation using YOLO 

remains necessary.    Overall, the system is already capable of 

performing its primary function as an early fire detection tool, 

namely detecting signs of fire, validating detection results, and 

transmitting detection information. However, the system still 

requires improvements, particularly regarding network 

stability, the diversity of the YOLO training dataset, and the 

reduction of false positives and false negatives to make 

detection results more accurate and reliable.    Based on the 

results of this research, several improvements can be suggested 

for future development. First, the hardware used in the system 

should meet higher specifications than the minimum 

requirements. Using hardware with better processing capability 

can help the system run more stably, especially when 

processing detection algorithms such as YOLO. Hardware 
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selection should also consider power consumption, durability, 

and the ability to operate for a long period of time.    Further 

development can consider using cloud server or hosting 

services for YOLO processing. In this research, Google Drive 

is mainly used to store and retrieve images, while the detection 

process still depends on the device and system configuration. 

By using a cloud server, YOLO processing can be performed 

on a more powerful server, which may affect the detection and 

notification time. However, this approach requires additional 

cost for hosting or server rental, so cost and performance need 

to be considered carefully.     Third, the dataset should be 

improved by adding more varied images. The dataset should 

include fire and non-fire objects taken from different angles, 

distances, lighting conditions, backgrounds, and object 

positions. The number of images in the fire and non-fire classes 

should also be balanced so that the model can learn both classes 

more effectively. With a more varied and balanced dataset, the 

model is expected to reduce false positives and false negatives 

and improve overall detection accuracy. 
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