( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal FiEp 00}
ISSN: 2581-9429 Volume 6, Issue 6, May 2026 Impact Factor: 8.2

SafeFlow: Intelligent Traffic Control with

Emergency Integration

Mrs. V. Veena, Busathi Anuragh, M. Deepak
Department of Information Technology
Mahatma Gandhi Institute of Technology, Gandipet, Hyderabad, India
vveena_it@mgit.ac.in, banuragh it221212@mgit.ac.in, mdeepak it221237@mgit.ac.in

Abstract: One of the most significant problems faced by modern urban cities is traffic jamming and
delay in emergency services mainly because of conventional fixed time control systems for traffic signals.
This is not responsive to traffic conditions, leading to increased time waste, energy loss, and ineffective
traffic management. The problem is being addressed by the following system named “SafeFlow:
Intelligent Traffic Control with Emergency Integration.” This system uses the camera-based traffic
management technique using already installed surveillance cameras at junctions. The traffic system will
use computer vision techniques based on deep learning methods to classify vehicles from live videos.
Using traffic density calculation per lane, the traffic signals are optimized based on which lanes have
heavier traffic, thus making the process more effective. Moreover, the system also has an emergency
service detection mechanism to make the process seamless for them as well. The system also has
modules for detection of traffic violations and unusual traffic situations like accidents and unusual traffic
patterns. The incidents are handled using alert management module and displayed on the common
monitoring dashboard. In contrast to the existing models, the novel system has completely dispensed with
fixed signal cycles and uses real time data for decision making. In general, the system is highly efficient
and scalable traffic management solution, which contributes to better traffic flows, reduces congestion
and improves emergency response.
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L. INTRODUCTION
One of the biggest problems in today’s urban settings, which is characterized by population explosion, increased usage
of cars, and inadequate number of roads, is that of traffic jams. Traffic management has become important for
minimizing travel time, reducing the amount of fuel used, and lowering environmental pollution. But, all the existing
traffic light control systems utilize fixed timing schemes without taking into account the present situation on the road.
This leads to in efficiencies in traffic, where vehicles have to wait idly for green signals in less congested lanes,
whereas the heavy-loaded lanes [1] —[5] [6] — [8]
The other problem currently being experienced in traffic management is the time taken by emergency vehicles like
ambulances, fire engines, and police cars in reaching their destinations due to lack of detection and prioritization
systems. In many cases, emergency vehicles have been known to experience difficulties in accessing roads during
traffic, thereby leading to tragic outcomes. Moreover, the existing traffic control systems lack the ability to detect
accidents immediately and rely on manual reports for timely responses, thus increasing danger [3] [7] [9] — [12].
The development of Al technologies and computer vision has led to growing interest in intelligent traffic management
systems. Such systems can analyze real-time video streams to identify vehicles, evaluate traffic density, and even set
optimal times for the signals. Various research projects have considered different methods of traffic monitoring,
detection of accidents, and use of both machine and deep learning. The major drawback of all currently existing
technologies is their inability to provide a comprehensive and unified approach [13]-[15].
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In order to address such issues, this project offers SafeFlow: Intelligent Traffic Control with Emergency Integration, a
traffic management system that is both Al and vision based. This system makes use of existing CCTV cameras in order
to detect vehicles and estimate traffic density in real-time. On the basis of such data, traffic lights’ signals are
dynamically changed in order to optimize traffic flow. At the same time, this traffic control system detects emergency
vehicles and offers their signal priority. Moreover, SafeFlow includes accident and traffic violations detection and alert
modules.

Thus, SafeFlow represents a flexible, efficient, and cost-effective approach to traffic management in the era of
digitalization. Through the combination of computer vision technologies, machine learning, and adaptive traffic control
systems, SafeFlow contributes to road safety, reduces congestion and enables the emergence of smart cities’
infrastructure.

Table I: Literature Survey of Intelligent Traffic Control System

Author & | Limitations/I | Existing Proposed | Dataset | Technique | Tools | Validat | Future
year ssues method Approac | Utilizati | s Used | ion Directions
h on Applied Metric
s
Reddy et al., | High cost, | loT-based | Congestio | Sensor Embe | Respon | Replace
2025 sensor traffic n + | data 10T, sensor | dded | se sensors
dependency control emergenc networks syste | time with
y ms Al vision
clearance
Thakare et | No density | Camera- Emergenc | Video Computer Detecti | Combine
al., 2024 analysis based y streams | vision Pytho | on with
detection vehicle n accurac | congestion
clearance y analysis
Xu et al., | High Deep Accident | Surveill | CNN, deep | PyTor | Accura | Integrate
2025 computational | learning detection | ance learning ch cy with signal
cost model system videos control
Raj et al, | Requires IoT-based | Priority IoT IR sensors, | Ardui | Efficie | Vision-
2022 RFID system vehicle inputs IoT no ncy based
hardware clearance automation
Ghahremann | No signal | DL Real-time | Video YOLO, Pytho | Precisi | Combine
ezhad integration accident accident data tracking n on, with alert
etal., 2022 detection detection Recall +
signal
control

In addition, the system takes into consideration real-time traffic conditions and eliminates irrelevant data. The
elimination of irrelevant data makes it possible to make better decisions since there are minimal fluctuations in traffic
conditions because of sudden shifts in movement of vehicles. The employment of computer vision increases
consistency of vehicle identification from one frame to another.

The intelligent traffic control system relies on advanced vehicle detection mechanisms that enable combination of
several factors including density of vehicles, movements, lane-wise traffic flow, among others. The use of several
factors enables optimal timing of signals and smooth vehicle movement even during high traffic periods. The system
performs well in real-time settings.
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The novel methodology has integrated several functions in one system. These include traffic density estimation,
detection of accidents, violations and emergencies. This makes it easier to make appropriate decisions regarding traffic
management. The system works very well in real time environments.

The main thing this research does is this:

* The developed system offers an integrated approach towards intelligent traffic management via real-time analysis of
video footage collected from CCTV cameras.

* Furthermore, the system employs advanced computer vision techniques (YOLO etc.) as well as tracking algorithms
that can detect vehicles and their density along with identifying any emergency vehicles in the videos being monitored.
These modules enable the system to make appropriate decisions by analyzing the current state of traffic flow.

* Moreover, a mechanism of dynamically controlled signals is employed to adjust the signal times based on the density
of traffic in each lane to ensure optimum use of roads without any unnecessary wastage of waiting time.

¢ Furthermore, there are also accident detection and traffic violations (jumping of red lights, speeding, wrong-way
driving) modules which facilitate improved road safety and quick actions by the concerned authorities.

* Finally, prioritization of emergency vehicles ensures green signaling clearance of ambulances, fire engines, and police
vehicles at all times to enable swift action.

II. LITERATURE REVIEW
The work done by Reddy et al. (2025) provided an IoT-based traffic control framework aimed at solving problems
relating to congestion and also giving assistance in clearing traffic lanes during emergency situations. In the
framework, sensor technology was used to obtain live information on the status of the traffic and then changing the
time of lights depending on the collected information. Although the framework has helped improve the traffic flow, the
implementation of the solution depends entirely on hardware infrastructures, making it expensive [1].
The study conducted by Sathyanarayanan et al. (2024) has resulted in the creation of a rule-based smart traffic
management framework where traffic light management depends on certain defined rules. Despite the framework
having proved effective in normal traffic conditions, it lacks artificial intelligence and analysis of videos and thus
cannot be scaled up [2].
Thakare et al. (2024) suggested a technology that allows for the detection of an ambulance using computer vision
algorithms and prioritization of the ambulance at the intersections. Although the solution helps speed up response time
during emergencies, traffic density cannot be analyzed; therefore, the traffic cannot be cleared efficiently [3].
Xu et al. (2025) provided a solution based on a deep learning algorithm that can accurately detect traffic accidents in
the surveillance videos. Although the method provides very good results regarding the detection of an accident, it is
heavily dependent on computing power and does not interact with traffic light control systems to provide fast reaction
[4].
Raj et al. (2022) suggested a solution based on the IoT approach that uses both RFID and infrared technologies to
detect priority vehicles and allow them to go first using control over traffic lights. While there are many positive
aspects of the technology, it is still based on many hardware components and does not involve automation via computer
vision [8]

II1. PROPOSED METHODOLOGY
A unique traffic intelligent system named SafeFlow: Intelligent Traffic Control with Emergency Integration is
designed. This solution attempts to address the challenges posed by the traditional fixed-timer traffic management
system through the employment of video analytics in real time. The idea behind this is to use the capabilities of
computer vision technology combined with deep learning methods to analyze traffic and make corresponding decisions.
This innovative solution combines several functions, including traffic density estimation, prioritization of emergency
vehicles, incident detection, and violation tracking.
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Methodology
There are different stages involved in this process, which includes video input, vehicle detection, traffic density
estimation, prioritization of emergency vehicles, violation detection, and dynamic traffic light control.

A. Preprocessing of Input Videos

Firstly, videos obtained from CCTV camera footage available in various junctions are analyzed. Each frame undergoes
preprocessing activities such as resizing and noise reduction among others to provide consistency across the input
videos. This is important for improving the accuracy of the detection process during varying environmental conditions.

B. Vehicle Detection and Traffic Density Calculation

Next, the preprocessed images are processed by using deep learning-based objects detection models like YOLO
algorithm. Vehicles of various forms such as cars, buses, trucks, motorcycles and others are recognized and classified.
Vehicle densities per lane are calculated in order to detect congestion at the junctions.

C. Emergency Vehicle Detection

In detecting the presence of emergency vehicles such as ambulances, fire engines, and police cars, the system employs
trained detection models. The presence of these vehicles will automatically trigger an emergency override mechanism
where green signal clearance is immediately granted to the lane containing the emergency vehicle.

D. Traffic Violation Detection

The system will also analyze traffic violations through computer vision. Red light jumping, overspeeding, and wrong
direction driving can be monitored. Evidence will include images or videos of such violations. This data can also be shared
with the concerned authority for appropriate action.

E. Accidents Detection and Alerts Generation

With the aid of vehicle tracking algorithms and analysis of motion patterns, accidents and abnormalities within the road
can be detected and alerts generated. Any form of collision, unusual stops, and abnormal traffic pattern will trigger alert
generation. These alerts are then forwarded to the relevant hospital and police authority.

F. Dynamic Signal Control

Depending on the traffic density and emergency situation within the area, signal controls can be managed dynamically.
More congested lanes will receive longer green time signals than the least crowded ones. In emergencies, however, the
system will ignore routine signal timing and allow uninterrupted passage.

G. Output and Monitoring of the Dashboard
Finally, the results and activities on the road will be presented on the dashboard. This dashboard will include traffic
densities, number of detected vehicles, violations, accidents, and any forms of emergency on the roads.

IV. SYSTEM DESIGN

Dataflow Diagram

The data flow process within the SafeFlow design starts with the collection of live video feeds from the CCTV cameras
positioned at the traffic junctions. This video feed acts as the input of the system and might be noisy due to various factors
such as lighting issues and other distractions within the background. For ensuring that the input data is clean and
consistent, data preprocessing techniques such as resizing and normalizing are utilized.

Following the data preprocessing step, the frames are subjected to the detection and feature extraction phase of the
SafeFlow design. Within this phase, the input video frames are detected for objects using a deep learning-based object
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detection technique (such as YOLO). The extracted objects are classified, and their attributes are used to estimate the
traffic density along the lanes of the intersection.

Last but not the least, the information is transmitted to the dynamic signal control sub-system where traffic lights can be
controlled based on the level of congestion and other priorities. Those lanes that have a high level of traffic receive a
prolonged duration of green light, whereas for the case of an emergency vehicle coming, it receives a priority passage due
to overriding traffic lights. All the information, ranging from traffic congestion to alerts, is shown on a central dashboard
actually given for the monitoring purposes.

Real-time Video
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Data Preprocessing
(Resizing, Normalization,
Maise Reduction)
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Fig 1: dataflow diagram

B. Sequence Diagram

The sequence diagram illustrates the interaction between the SafeFlow software and the user throughout the operation
process. Firstly, the user will input the live video data through the user interface, which will then be delivered to the
preprocessing module for frame processing. The preprocessing process includes frame filtering, resizing, and
normalization to enhance its performance.

Then, the filtered frames will be transferred to the vehicle detection module to detect the vehicles using deep learning-
based methods. Next, the detection data will be used to calculate the traffic density for each lane. Additionally, the system
will detect and identify emergencies, such as an accident or any violation.

Finally, the output of all these modules will be fed into the decision-making and signal control module. The system will
then adjust the signal timing depending on the traffic density and prioritize the emergency vehicles.
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Fig 2: sequence diagram

C. Workflow Diagram

The flow diagram represents the order of actions taken within the SafeFlow process and is perceived from the perspective
of the end user. First, the system receives live video feed from CCTVs fixed on road junctions. The video feed images
undergo pre-processing such as resizing, normalization, and noise reduction to enhance image quality.

This is followed by the detection of the vehicles, their features including the type of the vehicles, their locations,
movement, and calculation of the number of traffic per lane. All these actions are performed concurrently while the
system, via computer vision techniques, checks for any emergencies, accidents, and violations.

Lastly, the processed information is analyzed and decisions made based on the traffic lights that prioritize the emergency
vehicles. This is done based on the traffic density. In addition to this, the system alerts in case there is an accident and/or
violation.

User Iterface
(Web / App Dashboard)

Cislay Rsults/
Herts

Fig 3: Workflow diagram

D. Component Diagram

Component diagram illustrates the architectural framework of the entire SafeFlow and provides an overview of how the
various modules work together in order to manage intelligent traffic management. Firstly, the Input Processing Unit
collects the real-time video input streams from CCTV cameras and executes preprocessing actions on the stream like
resizing, normalization, and denoising. Next, the processed frames are used by the Vehicle Detection module to
identify objects within the video frame using deep learning algorithms such as YOLO for detecting the number of
vehicles. This data is further utilized by the Traffic Density Estimation Module to compute the number of cars per lane

Copyright to IJARSCT

% \ 382
www.ijarsct.co.in LRy [/ 1ssN

| 2581-9429 |}




({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal gD 0O
ISSN: 2581-9429 Volume 6, Issue 6, May 2026 Impact Factor: 8.2

and estimate the degree of congestion. Meanwhile, the frames are analyzed by the Emergency Vehicle Detection,
Accident Detection, and Traffic Violation Detection modules.

These outputs are used by the Decision Making module to decide upon the best possible signal timings while giving
priority to the emergency vehicle if needed. These decision outputs are used by the Signal Control module to adjust the
traffic signals. Lastly, the output information obtained through the Results Visualization and Alert Management
Modules is displayed in real-time on a dashboard.

Component Diagram - SafeFlow System
(Intelligent Traffic Management)

s s Accident Dotoction Modls £ ]
(Abnormal Evot Detocton)

Decision Making Module
(Signal Optimization &
Priority Handing)

Signal Control Module
(Traffic Signal Adjustment)

Results Visualization &

(Dashboard / Reports / Alerts)

Fig 4: Component diagram

V. TESTING
An effective testing process was carried out in order to ensure the effectiveness and efficiency of the SafeFlow system.
The testing was carried out to prove that the SafeFlow system will be able to effectively and efficiently detect vehicles,
control traffic flow, and be able to handle any emergency effectively and efficiently. The testing process included the
testing of units and processes in order to enable an effective and efficient working of the system as a whole.
* Functionality Testing
Functionality testing is used to verify the ability of a system in carrying out its functions efficiently. Functionality
testing was carried out in order to verify the ability of the SafeFlow system to carry out its functions efficiently.

¢ Unit Testing
Unit testing involves testing each unit of a system individually to verify its efficiency in operation. Units tested include
preprocessing, vehicle detection, traffic density, emergency detection, accidents detection, and violation detection.

* Integration Testing
This testing is aimed at examining the interactions among the different modules of the system and determining whether
there are any losses of information or inconsistency in the flow of data, from video capture to process execution.

* Detection Accuracy Testing

This testing relates to the process by which vehicle detection, emergency detection, accident detection, and infraction
detection capabilities of the system are tested for accuracy, precision, and recall in order to gauge the performance of
the detection model.
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* Performance Testing
Testing system performance is done in an effort to test processing speed, latency, response time, and ability to handle
live video feeds.

VL. RESULT

[Fig. 5: SafeFlow Dashboard — Intelligent Traffic Monitoring Interface]

Figure 5 shows the output interface of the SafeFlow system for traffic monitoring and control in real-time. The system
processes the live stream captured by the CCTV cameras and presents the result through the interactive dashboard. As
depicted in Figure 5, it is clear that the interface displays various parameters such as the number of detected vehicles,
the present status of signal light, alert information, and information about processing. The live video feed is provided so
that the traffic situation can be observed visually. The system analyses the frame and gives reliable results.

The interface gives extra data such as traffic density in each lane, status of traffic signal control of all directions, and
override information during emergencies. The modules such as alert feed, vehicle classification, and event log have
been incorporated into the system in order to detect traffic events and assess system performance. It is evident that the
system effectively controls traffic, detects traffic events, and gives accurate outputs.

[Fig. 6: SafeFlow Dashboard — Traffic Monitoring and Detection Results]

Figure 6 illustrates the traffic monitoring dashboard for the suggested SafeFlow system, showing the vehicle detections
and analysis results on the dashboard. This system receives inputs from videos and uses bounding boxes to detect
vehicles in the processing preview area of the dashboard. It can be seen from Figure 6 that there are many detections,
and vehicles' locations are correctly identified by the system. Therefore, traffic monitoring becomes efficient.

In addition, information about the number of vehicles on a lane, traffic density percentages, and signal status in each
direction (north, east, south, and west) can be viewed on this dashboard. Information about any congestion or any other
alert is indicated under the alert feed section, while the type of detected vehicles is shown on the vehicle classification
module.
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[Fig. 7: SafeFlow Dashboard — Pre-recorded CCTV Video Selection and Processing]

Figure 7 shows the user interface of the SafeFlow system where the users select the pre-recorded CCTV traffic videos
for processing and analysis. In the system, users can select from a number of videos available in the database that
contain different traffic cases such as congestion, accidents, emergencies, etc. As soon as the user selects the particular
video, the system will process it and present the real-time detection outcomes including vehicle, lane-wise traffic
density, and signal status information.

In addition to the basic modules of the system, there are other modules available in the dashboard such as alert feed and
vehicle classification, which help in analyzing the traffic patterns and anomalies.

[Fig. 8: SafeFlow Dashboard — Event Logs during System Execution]
Figure 8 shows the event log module of SafeFlow system that logs all activities and events that happen within the
operation of the system. The event log will show comprehensive information such as time, event, and event details.
With the use of the event log, a person can have an understanding of what takes place inside the system in real-time
basis. It can be seen from Figure 8 that events like detection of congestion, presence of emergency vehicles, and
updates to system processing are systematically recorded.
Also, it is evident that through the event log, one can keep track of system behavior in terms of change in traffic
density, abnormality in the system, detection of any issue such as road obstruction or malfunctioning cameras among
others. These events are classified in categories depending on their nature such as signal updates, detections, alerts, and
emergencies among others, to make them easily identifiable and understandable.
Thus, by logging events in the system, it becomes easier to monitor system operations. It makes debugging,
performance analyses and decision making easy.

VII. FUTURE SCOPE

Despite being an efficient way of solving the problems of traffic management and dealing with emergencies, some
possible improvements concerning the use of SafeFlow may include the improvement of the computational process
through the simplification of the models used. It is feasible to design a solution that would allow computing SafeFlow
on the edge devices, for instance, smart cameras or embedded systems, and therefore, SafeFlow would become highly
responsive and operable in real-time.

Another idea that could improve the functioning of SafeFlow is to apply machine learning techniques, such as multi-
object detection and transformers. By using such solutions, the functionality of SafeFlow would be improved since the
number of false positives would be minimized. Furthermore, by connecting SafeFlow to new data, including, for
instance, weather conditions and information provided by IoT, it would be easier to implement effective decisions
based on the analyzed data.
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Moreover, it is quite easy to scale the use of SafeFlow and use it for managing traffic on several intersections
simultaneously, while maintaining central control and management. Also, SafeFlow could be connected with various
organizations, including hospitals and police forces, for instance. Eventually, SafeFlow can be developed to be able to
forecast traffic flow, making it possible.

VIII. CONCLUSION

The suggested SafeFlow: Intelligent Traffic Control with Emergency Integration system is a feasible approach towards
solving contemporary traffic control issues by applying computer vision and deep learning methods. This system will
analyze the video footage for detecting cars, estimating the traffic density, and identifying essential events including
emergencies, accidents, and violations. Contrary to existing fixed-time signalization, SafeFlow will automatically
change signal timing according to the real-time traffic situation, thus reducing congestion and enhancing traffic flows.
The incorporation of several intelligent modules allows for the successful identification of vehicles, making optimal
decisions, and timely response to emergencies. SafeFlow will prioritize emergency vehicles, improve road safety, and
provide real-time monitoring via a central dashboard.
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