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Abstract
Traffic congestion and delayed emergency response remain major challenges facing modern cities,

necessitating innovative solutions that integrate advanced technologies. This study explores the
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integrated application of Geographic Information Systems (GIS) and MATLAB-based simulation
models to improve traffic management and prioritize emergency vehicle movement. GIS provides
spatial data for real-time traffic monitoring, while MATLAB enables dynamic simulation of traffic
flow and emergency routing scenarios. By combining spatial data analysis and computational
modeling, the research develops a framework that enhances traffic signal control, reduces response
times, and improves overall urban mobility. Case studies and simulation experiments demonstrate
the potential of this integrated approach to support smart city initiatives, offering scalable
strategies for sustainable traffic management and life-saving emergency prioritization. The
findings highlight the pivotal role of GIS-MATLAB integration in developing intelligent
transportation systems and fostering resilient urban infrastructure.

Keywords: Urban traffic, Emergency response, GIS, Challenges.
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% Smart Traffic Light Simulation with Emergency Priority
% This script simulates a 4-way intersection with dynamic timing based on density
% and immediate priority for emergency vehicles.
clear; clc;
% Simulation Parameters
num_steps = 50; % Number of simulation time steps
lanes = {'North’, 'South’, 'East’, 'West'};
densities = randi([0, 20], 1, 4); % Initial vehicle count in each lane
emergency_present = [0, 0, 0, 0]; % 1 if emergency vehicle is in lane
% Results storage
history = zeros(num_steps, 4);
fprintf('--- Smart Traffic Simulation Started ---\n’);
for t = 1:num_steps
% Randomly add vehicles to lanes to simulate incoming traffic
densities = densities + randi([0, 2], 1, 4);
% Randomly trigger an emergency vehicle (2% chance per step)
if rand < 0.05
ev_lane = randi([1, 4]);
emergency_present(ev_lane) = 1;
fprintf('Step %d: EMERGENCY VEHICLE detected in %s lane!\n', t, lanes{ev_lane});
end

% Decision Logic
if any(emergency_present)
% Priority 1: Emergency Vehicle
[~, active_lane] = max(emergency_present);
action = sprintf(EMERGENCY CLEARANCE for %s', lanes{active_lane});
% Clear the emergency vehicle
densities(active_lane) = max(0, densities(active_lane) - 10);
emergency_present(active_lane) = 0;
else
% Priority 2: Highest Density
[max_val, active_lane] = max(densities);
if max_val >0
action = sprintf('Green Light for %s (Density: %d)', lanes{active_lane}, max_val);
% Process vehicles (reduce density)
densities(active_lane) = max(0, densities(active_lane) - 5);
else
action ='All Red (No Traffic)"
end
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end
% Log history
history(t, :) = densities;

% Display status every 10 steps or on emergency
if mod(t, 10) == 0 || any(emergency_present)
fprintf('Step %d: %s | Current Densities: N:%d S:%d E:%d W:%d\n', ...
t, action, densities(1), densities(2), densities(3), densities(4));

end
end
% Visualization
figure;
plot(1:num_steps, history, 'LineWidth', 1.5);
legend(lanes);
title("Traffic Density Over Time with Smart Control’);
xlabel('Time Step’);
ylabel('Number of Vehicles');
grid on;
% Save results to a file for the paper
saveas(gcf, 'traffic_simulation_results.png’);
fprintf(--- Simulation Finished. Results saved as traffic_simulation_results.png ---\n¢('

Traffic Density Over Time with Smart Control & Emergency Priority

Number of Vehicles

Time Step
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