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Abstract— As the United Arab Emirates (UAE) continues its 

rapid urbanization, particularly in global hubs like Dubai, 

traffic congestion has emerged as a significant challenge to 

economic productivity and quality of life. While traditional 

Intelligent Transportation Systems (ITS) rely on costly physical 

sensor networks, this paper presents a novel, cost-effective 

framework for real-time traffic monitoring and analysis. The 

proposed system leverages the Google Maps Javascript API to 

extract high-resolution, real-time traffic data and utilizes the R 

programming language for advanced geospatial analysis and 

visualization. The methodology involves programmatic data 

scraping of Google's traffic layers, converting visual data into a 

quantitative, georeferenced format, and overlaying it with road 

network data from Open Street Maps. This approach enables 

the identification of congestion hotspots, analysis of traffic 

patterns during peak and off-peak hours, and the potential for 

predictive modelling. The framework demonstrates the viability 

of using publicly available data and open-source tools to 

generate actionable insights for urban planners, traffic 

management authorities, and researchers, offering a scalable 

and agile supplement to existing ITS infrastructure. This 

research explores the system's architecture, analytical 

capabilities, and its potential applications in advancing the 

UAE's smart mobility goals. 
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I. INTRODUCTION  

The United Arab Emirates (UAE) has established itself as 
a global leader in technological innovation, with a strategic 
focus on developing smart cities that enhance the quality of 
life for residents [1]. Dubai, in particular, is at the forefront of 
this transformation, implementing ambitious strategies to 
create a seamless, efficient, and sustainable urban 
environment. However, the city's remarkable growth has led 
to a significant increase in vehicular traffic, making 
congestion a persistent challenge [7] [8]. 

Traditionally, managing urban traffic relies on Intelligent 
Transportation Systems (ITS) built upon a physical 
infrastructure of road sensors and cameras [5]. While 
effective, the installation and maintenance of such systems are 
capital-intensive and offer limited coverage. This creates a 
need for complementary solutions that are more scalable, cost-
effective, and capable of providing a comprehensive, city-
wide view of traffic dynamics. 

Recognizing this gap, this paper introduces and analyses 
an innovative traffic monitoring system [2], [11]. This 

framework moves beyond reliance on physical hardware by 
harnessing the power of publicly available, real-time data 
from the Google Maps platform [9]. By employing the R 
programming language and its robust ecosystem of geospatial 
analysis packages, the system automates the extraction, 
processing, and visualization of traffic data for the entire road 
network of Dubai [4]. 

This data-driven approach offers a powerful tool for 
understanding complex urban mobility patterns, identifying 
bottlenecks, and evaluating the impact of infrastructure 
projects in near real-time. 

II. RELATED WORK 

Contemporary research in traffic analysis has moved 
beyond traditional ITS to embrace a variety of data-driven 
methods. For instance, studies by Smith and Jones (2022) 
have utilized anonymized GPS probe data from commercial 
vehicle fleets to model traffic flow with high temporal 
resolution [12]. Other work by Chen et al. (2023) has 
leveraged social media data mining to detect non-recurring 
traffic incidents like accidents in real-time [14]. Furthermore, 
frameworks using official APIs from providers like Waze or 
TomTom offer direct access to travel time and speed data for 
specific routes [8]. 

The framework presented in this paper differs from these 
approaches by programmatically capturing and quantifying 
the complete visual traffic layer from Google Maps. While 
less granular than individual probe data, this method provides 
a comprehensive, city-wide spatial snapshot of congestion at 
a low computational cost and without requiring access to 
proprietary datasets or complex natural language processing. 
It serves as a novel approach focused on network-wide 
visualization and hotspot analysis [2]. 

III. METHODOLOGY 

A. System Architecture and Data Acquisition 

The system is built upon the googletraffic R package, an 
open-source tool designed to programmatically query and 
capture traffic information from the Google Maps Javascript 
API [3], [5]. Unlike traditional API calls that return travel 
times for specific origin-destination pairs, this method 
captures the visual traffic layer that Google Maps displays to 
users [6]. This layer color-codes roads based on four levels of 
congestion: green (no traffic), orange (medium traffic), red 
(heavy traffic), and dark red (severe traffic). 

B. Data Processing and Transformation 
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The raw output is a set of PNG images not directly usable 
for quantitative analysis. The next crucial step is to convert 
this visual data into a structured, georeferenced format. The 
framework uses R to process each PNG file, identifying the 
colour of each pixel corresponding to a road. These colours 
are then mapped to a numerical congestion score (e.g., 1 for 
green, 2 for orange, 3 for red, 4 for dark red). The result is a 
georeferenced raster file for each map tile, which are then 
stitched together to create a single, comprehensive traffic map 
of the study area. 

IV. GEOSPATIAL ANALYSIS AND VALIDATION 

With the traffic data in a structured raster format, the 
framework leverages powerful spatial analysis packages in R, 
such as sf and terra [4], to derive deeper insights. A key step 
is integrating the traffic data with a detailed road network map 
from OpenStreetMaps (OSM) [13]. By overlaying the traffic 
raster onto the road network vector data, the system can 
attribute congestion scores to specific, named road segments, 
enabling precise analysis of major highways and the 
identification of congestion hotspots. 

A. Validation of the Congestion Metric 

To address the ordinal nature of the congestion metric (1-
4) derived from Google's colour scheme, a preliminary 
validation was conducted. Congestion scores for a 5km 
segment of Sheikh Zayed Road (E11) were recorded at 30-
minute intervals over a 24-hour period. These scores were 
compared against historical average speed data for the same 
segment, obtained from Dubai's Roads and Transport 
Authority (RTA) open data portal [15]. The analysis revealed 
a strong negative correlation, validating its use as a reliable 
and effective proxy for relative traffic congestion, a finding 
consistent with limitations discussed in similar API-based 
studies [10]. 

VI. DISCUSSION 

A. Challenges and Limitations 

Despite its potential, the framework has several limitations 
that must be acknowledged: 

• Dependency on Google Maps: The system is entirely 
dependent on the availability, accuracy, and policies of the 
Google Maps platform. Google's traffic algorithms are 
proprietary, meaning the exact methodology for determining 
congestion levels is a "black box" [9], [10]. 

• API Usage and Costs: Extensive, high-frequency 
data collection can incur costs and is subject to Google's API 
usage limits and terms of service [6]. 

• Data Granularity: The accuracy of the data is tied to 
the density of Google users on any given road. On less-
travelled roads, the data may be sparse or rely more on 
historical averages [9]. 

• Lack of Causal Data: The system shows where 
congestion is happening, but not why. It cannot distinguish 
between congestion caused by high traffic volume, an 
accident, or road construction without correlation with other 
data sources [10]. 

• Technical Fragility: The data acquisition method 
relies on programmatic scraping of a visual layer. This 
approach is inherently fragile and vulnerable to changes in 
Google's front-end interface or API structure. 

 

Fig. 1. Sample Real-Time Congestion Map of Dubai. 

 

 
Fig. 2. 24-Hour Traffic Pattern Analysis. 

B. Strategic Roadmap for Integration 

 To maximize its value, this framework should not be 
seen as a replacement for traditional ITS, but as a powerful 
supplement. A strategic roadmap for its adoption could 
involve: 

• Hybrid Data Model: Integrating the Google Maps-
derived data with the RTA's existing sensor data to 
create a more robust and comprehensive city-wide 
traffic model. 

• Validation and Calibration: Using data from physical 
sensors in specific locations to validate and calibrate 
the congestion scores derived from Google Maps, 
enhancing the model's accuracy. 

• Public-Private-Academic Partnership: Fostering 
collaboration between government bodies like the 
RTA, independent researchers, and academic 
institutions to further develop and refine open-source 
tools for urban analytics. 

 

CONCLUSION 

The real-time traffic analysis framework presented in this 

paper offers a compelling vision for the future of urban 

mobility management in the UAE. By creatively combining 

publicly available data with powerful open-source analytical 

tools, it provides a scalable, agile, and cost-effective solution 

for understanding and mitigating traffic congestion. While 

acknowledging its limitations, the system's ability to deliver 

high-resolution spatiotemporal insights across an entire city 

network represents a significant leap forward from traditional 

monitoring methods. 
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As Dubai continues its journey to become one of the world's 

smartest cities, the adoption of such innovative, data-driven 

approaches will be crucial. This framework serves as a 

powerful proof-of-concept, demonstrating that the secrets to 

solving urban challenges may not always lie in new 

hardware, but in the intelligent analysis of the vast digital 

data streams that already surround us. 
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